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FOREWORD

The National Curriculum Framework (NCF) 2005, recommends that children’s life at school
must be linked to their life outside the school. This principle marks a departure from the
legacy of bookish learning which continues to shape our system and causes a gap between
the school, home and community. The syllabi and textbooks developed on the basis of NCF
signify an attempt to implement this basic idea. They also attempt to discourage rote learning
and the maintenance of sharp boundaries between different subject areas. We hope these
measures will take us significantly further in the direction of a child-centred system of
education outlined in the National Policy on Education (1986).

The success of this effort depends on the steps that school principals and teachers will
take to encourage children to reflect on their own learning and to pursue imaginative activities
and questions. We must recognise that, given space, time and freedom, children generate
new knowledge by engaging with the information passed on to them by adults. Treating the
prescribed textbook as the sole basis of examination is one of the key reasons why other
resources and sites of learning are ignored. Inculcating creativity and initiative is possible
if we perceive and treat children as participants in learning, not as receivers of a fixed body
of knowledge.

These aims imply considerable change in school routines and mode of functioning.
Flexibility in the daily time-table is as necessary as rigour in implementing the annual
calendar so that the required number of teaching days are actually devoted to teaching. The
methods used for teaching and evaluation will also determine how effective this textbook
proves for making children’s life at school a happy experience, rather than a source of
stress or boredom. Syllabus designers have tried to address the problem of curricular burden
by restructuring and reorienting knowledge at different stages with greater consideration
for child psychology and the time available for teaching. The textbook attempts to enhance
this endeavour by giving higher priority and space to opportunities for contemplation and
wondering, discussion in small groups, and activities requiring hands-on experience.

The National Council of Educational Research and Training (NCERT) appreciates the
hard work done by the textbook development committee responsible for this book. We
wish to thank the Chairperson of the advisory group in science and mathematics,
Professor J.V. Narlikar and the Chief Advisor for this book, Professor K. Muralidhar,
Department of Zoology, University of Delhi, Delhi for guiding the work of this committee.
Several teachers contributed to the development of this textbook. We are grateful to their
principals for making this possible. We are indebted to the institutions and organisations
which have generously permitted us to draw upon their resources, material and personnel.
We are especially grateful to the members of the National Monitoring Committee, appointed



by the Department of Secondary and Higher Education, Ministry of Human Resource
Development under the Chairmanship of Professor Mrinal Miri and Professor G.P. Deshpande,
for their valuable time and contribution.

As an organisation committed to systemic reform and continuous improvement in the
quality of its products, NCERT welcomes comments and suggestions which will enable us to
undertake further revision and refinement.

Director
New Delhi National Council of Educational
20 November 2006 Research and Training



PREFACE

Biology is the study of life in its entirety. The growth of biology as a natural science during
the last 1000 years is interesting from many points of view. One feature of this growth is
changing emphasis. Initially it was description of life forms. Identification, nomenclature,
classification of all recorded living forms enjoyed the attention of scientists for a long time.
Description of their habitats and (in the case of animals) their behaviour was included in
this study. In later years, the focus was physiology and internal morphology or anatomy.
Darwinian ideas of evolution by natural selection changed the perception completely. Classical
descriptive and clueless biology found a theoretical framework in the evolutionary theory of
Darwin.

In the nineteenth and twentieth centuries, Physics and Chemistry were applied to Biology
and the new science of Biochemistry soon became the dominant face of biology. On one hand
Biochemistry was integrating with Physiology, becoming almost synonymous with it. On the
other hand it gave rise to Structural Biology (structure of biomacromolecules), originally called
Molecular Biology. The work of Bernal, Pauling, Watson and Crick, Hodgkins, Perutz and Kendrew,
Delbruck, Luria, Monod, Beadle and Tatum, Lederberg, Brenner, Benzer, Nirenberg, Khorana,
Mclintock, Sanger, Cohen, Boyer, Kornbergs (father and son), Leder, Chambon and scores of
others brought in and established a modern version of Molecular Biology dealing with life
processes at molecular level.

Physics and Chemistry dominated public perception of science for a long time.
Daytoday life of man was influenced by developments in Physics, Chemistry and their respective
manufacturing industries. Slowly and steadily, Biology, not to be left behind, demonstrated
its utility for human welfare. Medical practice, especially diagnostics, green revolution and
the newly emerging biotechnology and its success stories made the presence of biology felt
by the common man. Patent laws brought biology into political domain and commercial value
of biology became obvious.

For more than a century, classical and so-called reductionist biology fought artifical
battles. The fact is both are important. Ecology brought in synthesis of both approaches
and emphasised integrated understanding of biology. Form and process are both equally
important. Systems biology, using mathematical tools, is bringing about a modern synthesis
of both the aspects of Biology.

The Class XI and XII textbooks in biology essentially were to reflect these threads of
biological thought. While the Class XI book dealt with morphology, taxonomy, molecular and
cellular aspects of physiology, the Class XII book deals with the physiological process of
reproduction in flowering plants and humans, the principles of inheritance, the nature of
genetic material and its function, the contributions of biology to human welfare, basic
principles of biotechnological processes and their applications and achievements. The
Class XII book also relates genes to evolution on one hand and presents ecological interactions,
behaviour of populations and ecosystems on the other. Most important, the guidelines under
NCF-2005 have been followed in letter and spirit. The total learning load has been reduced



considerably and themes like environmental issues, adolescent problems and reproductive
health have been dealt with in some detail. Studied together, the class XI and class XII
textbooks in Biology would enable the student to —
(i) become familiar with the diversity of biological material.
(ii) appreciate and believe in the Darwinian evolutionary process exhibited by the living
world.
(iii) understand the dynamic state of constituents of living bodies, i.e., metabolic
basis of all physiological processes in plants, animals and microbes.
(iv) realise the structure and function of genetic material in directing the inherited
phenotype pattern as well as a mediator of evolutionary process.
(v) appreciate the profound contributions of biology to human welfare.
(vi) reflect on the physico-chemical basis of living processes and at the same time
realise the limitation of reductionism in understanding behaviour of organisms.
(vii) experience the humbling effect of this realisation that all living organisms are
related to each other by virtue of shared genetic material.
(viii) realise that biology is the story of the struggle of living organisms for existence
and survival.

One may notice a perceptible change in the writing style. Most of the chapters are written
in an easy dialogue style engaging the student constantly while some chapters are in the
form of critical comments on the subject matter. A number of questions have been provided
at the end of each chapter though answers to some may not be found in the text. Students
have to read supplementary material, upon advise from the teacher, to answer such questions.

I am thankful to Professor Krishna Kumar, Director NCERT; Professor G. Ravindra, Joint
Director, NCERT and Professor Hukum Singh, Head, DESM, NCERT for constant support. |
must place on record my deep appreciation for Dr B.K. Tripathi, Reader, DESM, NCERT for
his relentless efforts as coordinator in bringing out the Biology textbook for both the
Class XI and XII. All the members of the development team, the experts and reviewers, and
the school teachers have contributed enormously in the preparation of this book. I thank
them all. I am indeed highly thankful to the members of monitoring committee constituted
by Ministry of Human Resource Development for their valuable observation that helped in
the improvement of the book at the final stage. The book is prepared keeping in mind the
guidelines of the NCF-2005 especially the emphasis on reducing the learning load. We hope that
the book would meet the expectations of all the stakeholders. All suggestions for further
improvement are always welcome.

K. MURALIDHAR
Department of Zoology Chief Advisor
University of Delhi Biology Textbook for Class XII
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d® %OUAAIME WY (scourge) 3 2R Ui 6ldud’ (terror of Bengal) [@dl dl
AR % ¢ d 56 o «Aell, wal 2B wellHi Glaidl wngl® Hiel et xulasugl
Wl e U4l s 8. A wellHidl 0, 62 52 & il 51280 Hesell2il Yy WA 8.
A il (A9 ay useL 13 2 1440 @Rel, dia el 24 wsdl 3, 24 iyl
NAL FURAHL detl e YUl 24l WAL ALSIRA 5180 SAUHL ALl gdl. AL iU
821414 €3 (phenomenal rate) clsiRulds UuF - 530 vior o suall well-l awdl w2
£9aLeS nd €9, el £92410 WAl VoL % AHHU B,

9l i el ol 3 seiel, AR, s, g, seul@an ol Ad Gl wud & ? g
i s2tetel AR sl slest (i), 30 21 gl auspiollaial <d esise Glotl
AL B ? Guisd wRudd afRHL 2R di siyds Wig(Adl anrula)-i
A=l oul 158l 5 AR L Ml & o JuialRs usisul 8l auiginid] Gema 8.
IR 2L A6l (nodes) oll-ll %l 3 wiell-tl AuSHi A & AU 4O 2 al 918
[sud 8. 2 o Ad, weigdl-l ueldl Bulat 8l 2udl widiia 2wrals
slasizll Getid 8. L addlrdl slelol UL Guallol aufaxdiql cuwlRs 1kl
Beulget 3 UAFA {2 Mol 3 Vgl gL s 219 D).

¥l Mg UUE B 5, AL S8 UYL B Al FAl 5 dld 2 oML
B[&a{luosint AR UglL B 247 21 UlAs WRRAMR uAU 22 il Rialluosee
sl 8. a4 w4l 516l 3 w1 4@ald ulaza Q&AM @[Ad Al 41e oy 56§
Ad ey orud ¢ 7 e Raluand udl uRRAQHL a8 7 G sauxdl
adufadl gl 210 (dilas) day ol calaqi »ud 8. sl ol
619, {2l MLl WIell>Hl 3ot [Eolluayete wdl 4a 8.

1.2 [@o0lues+ (Sexual Reproduction)

[Clollua-ul 25 (g wHac 6 [@g wlarl elsaoid uwdl R s Wel Byl
[Frlel 53 8. 2 =yl AUSA Yorrd MRl 53 B, ¥ Al uwaul uRad 8.
2[E( Hogrte-{l WA A 28 [Argd, Bl2a 2t HlHl UBUL S, AR 2 HIEL Yyl
Ag1RLe 51281 [E{lur A wRRuH Geu~t adl Adla Mg Ul aucn visellon Hodl
2adl Al

Al uwdl Fal & areulaad, well 3 gl seq eald © 3 dudl
GUELLSIR (AR, R~ 2t 2etiQanmi oeiug] 8R1A 8, o [Ralluesindl ugla
W2 AL dAld W B 3 Al 2L suoid AvuUg] sAld O, Ald], 2uud AL 5302
5 sul qapl 2 [Qfnda]l adiHl wHd 9. oL udl [y 52 d udal
Al @Al gl 2 RusAdil FBd dotsd weid 8. gla-dl 21 axuouod

»

%AUSA dvissl (juvenile phase) 5& ©. a-aufani dd ariulds deiss

Y

(vegetative phase) 5& €. [A[A4 DML Al AHUON FEI-YEL 1Y 6.



ADAHL U rir

G sauedl arrRulaRdHl Wi A gl dossidl azsid wadEl s
Wit 8. ¥ yauda/anlds dossi-l »d 8. agaiel (swladalel — Marigold)
v/ a6 / wlndz / wiouni yuag e dedl wny @l & 7 aell aulqlyi
YWY A% 52l 94 AUd AU 4O O, d¥ A Y 89Ul 7 AId-YMW XA - YIS
% yeaar !

AHIRL [Rciznl dlsis gl adisd 53 4 dxil adlad d o Wlenl wuus-
el 8 7 i [l asl ol 3w 5181 530, us-, S (jack fruit) du-l wqui
o ot © 7 9 Al aduldil uaL B ¥ uHA v sAHALA YA £Ald B A
Sealls wsly wuaw elvd § 7 visaly w14 [Ganiy usil aqrulaiiug asulis,
WALs 2 @8l APl URURL Adl HOL 89; uig otganly axulapial
vl e Ad cvailid sl 2183l 8. sedls anufapil wwuug-sl e
(unequal) u(3ul £Ald 9; F43 did (Bamboo) 2l asizulal dldiril @510 sHui
B o Auid WUAF £ B, AMLA A 50-100 ay oite WAL vl sl A% D e
gl Yy R 8. 2y Al Strobilanthus kunthiana (-ld §39d) €2 12 (6UR)
Al 25 Avid YN A% B, AMIAHIAL BB ARl 63 3, L AU ARR-HSA0R,
200641 YouAF 44 e dHetl Yl AHEA 3¢, dliadly a8 seiles uddly
UzAHL cleoll ULl (strecher) Girlledl ¢dl 2 Ml Al udesl sl edl.
wellaiul, ABU weraFs ades yd ga-usdd dssst suausiz [@ensly 2 selis
F3IR1 AR 8. [AAY udidl WyeiHs dnst gel-oel 2al 4ud 8.

4 ad Hg wld va $26004] el anud] sl ol ¥ Wy Yoddidl 4345
gla ?

wieflAMi, elve dl walladl, g dxil aler Ssi 33 S ? uaal d B sl (seasonal)
gl 69 7 oflot el Fai & essl 2iql oRI6IML | €14 6 ? A -linall ¥, ged] auaiem
uallail wsld Ad o Ssi 43 8. A od, sitriiarai walall (ReiG Irsal) ader
(2ot adl et ) S5 20l A a Jaari 208 8. v BRrus, S5 sat 21 wog-i-asl
el uig Hirtaseust w1 cuuRs g M2 B, wUY HACAL HIeL Al rHARS dotsst
el L3S 2 AU ARAL A4 2ttcl-l ugRHE AS1Y 325120 cald &, duy,
821, GeR, €W, SR, dlE a9l el WHH2HL A 1Y, (non primate) Al AAIHL U~
€Ml AL WAL UL U51Y 330 B SlU BdAS (oestrus cycle) s&€ B, wUR
WA (alel, AU, Hep)Hl Al HURS BgUS (menstrual cycle) 5& O, 4] Al
vl 530 Bl geHL BoLEl WRRAHE a6 Al 24 245 3ot AL Mg UHLS dotssIM
A5 B (favourable season) el A HA D 2im 22l Al g fla Aadsl
(seasonal breeders) 5& £9. %412 481 ALl AHAL AHAU WIS dotsst eAHULA Ut
e ABY Gd B 2 wuell dviA Add Aadsl (continuous breeders) $& €.

B oL 9 (A alof Dl dl) aSHL Sl ¥ Ul Ale s34 @ ¥ 94 49
2ed 3 8 7S dsissidl wid 3 DRldL 3 g A {2l 35 WRHIUA (parameter)




- ) 29a[dstin,

ddls @ wsd. adsinl Sad dessiil aLRAL UGl (concomitant) $381R1
Ay B (Fal & quvauq 4 ad). 9e Yy dig ekl Aau 8.

Ayl 241 wellal eiqHl, 28l dotssizl a2l Asil (transition) 2
pidldl FAUselR B, vidldl wA AU valaelly wReol a2l widFul
el UBAA FEBId 52 8 1A Al adgsly wudieaFa Aisi 8.
(Galluni adl ue-uxl (Events in sexual reproduction) : Yvddisl ugi2l
olle, Ry sl ol o udl [y ge-pil 20 UBHl velld 52 8, %
oi1e(l Jd AHAAL e B, dM 9, [RdlUan A AsUAL UM 2eud]
gerug) eld 8. [o{lugnnl aerizil [Argd s ¥lRd & 2t [Rafid s34 2qu2
6 3, Al w2 2l Ml Fyild AR (A $&r), Yorry [FleL 2 gpRieqt
2, [Eoluoeiniedl cllalBsdl 6. Adsnal Hie 2L deldila AR doissIHIHL ddAAHL
29 8. FHE, yd sas, scr 2 Ual sAr H2AIil.

1.2.1 44 $&-L 82U (Pre-fertilization events)

AYil-l A udal wdl Hadl dd deriiicl el W L 9. ¥y
(gametogenesis) ] YAl (gamete transfer) o Huy ‘-!,Si serl g2l 9,

1.2.1.1 ¥4%-i (Gametogenesis)

dil el o L 3, WY A il Flad Ba 8. ¥ el 6 usr-
il - "R B HIEL AU . WYl AUsElU (n) S0 8. Seclls dlani vid g=yil
eolladl AL U B Fel AUl AR el Hiel By dild el el astdl Aol dal

10 250 1.5 oyl w51 (a) A8 (le)rl Ayl (b) 35 (dla ) Rvs
eyl (c) Sl AMA (e )L [yl
e —
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RERIE] Q{H%'g?’ﬂ (homogametes »14ql isogametes) 5& £ (%{Lgl?t 1.5 a). 2uR,
Hiel MLl ol sl ADAHL Gt ddl ol ¥yl sueusifaal-dl el
AL USRAL €14 B FHA [AuHFYIL (heterogametes 14dl anisogametes) 5
6. BUlal AWML AR Yl QY% Y (antherozoid) 2Addl 551N (sperms) st HIEL
"6*3;“1. RO (egg or ovum) $& (Qrtlél?l. 1.5 b, ¢).

AL Al (Sexuality in Organisms) : AlHIAcl: [R2MAAH] 6 it AL
Yl AL AA B, U, €25 dAuid 2 WY ¥ €l A ell. qle X7l dd 53
Y Sl GelsRUn Ylg 521 2 ALl 5 52eils BRruxlHi 2asdn Al 4y g 7
aeU[A5YEL, adulAML 2idl Geleell iHdl U0 9,

Uil AR 2 Hiel WS AL 28 % aulanl a4 (([gl) (pusla
1.6 ¢, €) aal [t aszufaul (AslE0) (usla 1.6 d) A=A 8. Jedls o1 4
adufaing, (GRiell wRRUlA yaddl 2ee AHYSAS (homothallic) -
§s5ue-l (monoecious) AURAY 8. 1R AsRid]l WRRAM Yaadl e [Aumysias
(heterothallic) A (gl (dioecious) ©. AYu a-ulaHl, s 4 ywud
Yudu (staminate) Wi Aed § YIuA wlad i, R el yud Ay
(pistillate) W3y 2A2dl 2{542 4uad Yo ¢ 8. Feels Ayl Ul R 24 Hiel
sy s % gl (isuedl) uR GOL 6 2adl [t q-uladl ([gaexl) vz Gl 8.
5158 2 AWDAR AsAe-l arulinl Gelgell 8. %R uly A Wy (date palm)
(Gtedl anufanl Gelsml 8. yy2ildl dsieel ¥y youdl 3 ¥ Ysu21d Y (stami-
nate) 24 wll3uld Yy (pistillate) 4l 44 ©.

wig, wellsll e g ? g ol it awdl 4R 3 el (AslEl) €l 8 ? maa
9l el Al uL B 3 F oid us1RnAl ueitboll ([glEHN) 4d & 7 it Aeilad Ad
2is(eoll suellziiedl wladiqdl AEl otridl ast ol sl (Gugld 1.6 a). aweoll, qval
5B 27 ool sl cwal@s (Bl suslladl 8 5 % AR el Hiel ol UYL 414 8
2l A2l hermaphrodites (Bleafdl 3 (8[&0) &. a2 (2l 1.6 b) del isliall
Al 8.
%'g['\ﬂlrl'?l gAML siufacuor- (Cell division during gamete formation) :
i (s onlaliil 6L Usil A=yl - AR 2 HIEL €l 8. %=yl w58 (n)
6. uid, Mg aduld 8¢ & Fuisll Al w8 d 25504 (n) 2Audl 514 (2n) €15 93,
sl g AU gl ¥yl Gt 53 8. 2l 218  2al 3 A5l A s4y
24528 Al 1 4O 7L 4R HIREL XT (M58 3)HL U0 lerl DadAsHl Ale 4oy
ol AUAdL S1AYAs ASIRIL.

WAL, 501, ld 2t RaiolHl auidd gel uwdl 1544 (n) drmfd e HAA 9.
uig, Baioll, 2tigd oflrtudl, 2ugd oflortul 2am Hyw AlRdsl s wellaiH Riges
(24 2n) €l B, 2wl 21 2an0ulas © 3, R4Y 2eniall. Asslu =yl Faiel w2
w5381 & mard [@euy+t (reductional division) 2y .

|



aq st

qalist wsllis 2wl

wsis sladll

P R{DKS

2 Ys1U

HigL s CY

12

s 25(d 1.6 Al [ ()] Rkl (2) RRIDN/G MU0 sl (i) (b) Siskial el
(d€l) (c) wsaesll asuld (s121) (d) Buerdl anauf (i) (o) BRial yw (assRy)
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S0es 11: h2als AL ¥y HIGSIN (meiocytes)Hi o1l v (8414, 2n) 2

o=y (Bsu, n)Hl 1ol dva vudl Foumi yal.

AP U %y Hig Sl Bo1paA-ll %yl 224l
qvl (2n) vl (n)

Uy 46 23
RS 12 -
Gex - 21
52U 78 -
(Brendl - 19
sopl 08 -

i [ZFatdeiuy, (Briall) - 630
AL 34 -
AL - 12
w51 20 -
s2lel - 24
udly 380 -
Pl . 08

(244 uedini, [ARre SN dld ioviidl ¥y WS (meiocytes) 2At{s2134
uaQ 8. {50l vid PRI s ¥ P (n) 815 YYHL e WY B, 51 1.1+
flazyds eui 530 A AL MWs8ld 2 2514 2ot Ava vl poui @vil,
Y Y UGS 2l vyl Fayo Aval a2 SIS Al & 7

1.2.1.2 w4q¢t (Gamete Transfer)

oy letl [FALRL 6lLe, R 27 MIEL B4l Al AN A (s@n) W2 eflfas fd
QUL A O, Y ¥l 2434 2iRd 4y 8 3, 2 A Higl wyil 3d] 2d Gou wy & 7
Hi2L cuoLL AL AR %Y Al e Hiel ¥y AAAd €1 B, wuae3, S2dls gL
i lanl ol UL FY2ll Al €ld O (sl 1.7 a). suel, il qH-l 732 W
8 & Fell A2 ey aert A, dla, (3200 vt Bl arzlaiix well-y 2y g1l
Ayl WUIAF WH O, WL AvUHL AR yil, el Byl Yol ueiuami Frsa 9y
8. dgrt eAMALA dpialdl R il yddl saL W2, Wiel =yl avumelul 2
o=y aii{l vl ozl ol aR €1y 8.

29T 6l BN URARIRY 2 AR By S 285 2 28SNL AL 52 0. e
wLAAHL A dl WRRY Y s Uddl, URLUAA U wALdWL ad %3 8




gyl YouHy Al
418 (a) U

WA 1.7: () dlanl uur-yil-dl Aus
(b) WAL URIPURAA UR URIPIRFT

Rl

@adsiiv

(5l 1.7 b). q2wen #dl aslid (&Rl adulain
YAUAY A uUAA visollAnrdl vol ADs glal 126,
URLRRY Y, URAALIAA YR AU WAL A0 . ¥l
uLou Ml Hsd Udl UAARY dRd % URLUA-A-L AUEHL U
8. uid, wsdn saladl adufil (Rue-dl adrulaxil Aldd)
YRARRY T, URAOUAT YR UM Sl HIE g vid U+l 82l
galld § ¥ AU (pollination) 5& 8. UALIRY | UL
YR 250 AY B il YIRS Ayl dgn 53 s
YL Ul B A A=Y 5N DS s 52 D, [Buedl
(wisleioll) suellaAldl A2 2 Wiel @yl ddat d gel-yel
ADAHL AAL B, A2l Al AW AL Byt HIZ VI W51
Bulal [fsuddl €dl Asa. wyild asndyds ag 21
dxild wsellandl dws 2aq A Raluy-ui Al wlRa
(critical) B2l ‘s@-’ HIZ 1dUSs O,

1.2.2 $Q4 (Fertilisation)

Risluore Hizell Alell 219945 Ddd Herdl €ld dl d se1d
oyl AR B, L UBUA ¥YYIHUL (syngamy) s& O.
il uReu (2514 Youn (diploid zygote) Aoiu 8. s
(fertilization) W3l 21 M[BUL 32 QUL W B, FYYIHA Vi
st Bsoflon W2 QuRLdl 3uidRd (interchangeably) A0l 9.

A Yy A dl Y w7

el W Bedul sl WL 5, sedls AP FA b
Aelsd, Hurvfl x4 3eells R0l dur uallzil (turkey)
QWIRHL Hiel %Y s PR [As Wl Adl Awq erud 6.
Wl g2l AAARN %A (parthenogenesis) 58 & (ts(da
2ig5nHigl).

Y gYousL Sul A B ? lel ol ¥d% uwdl %l §,
HieL cwordl dla v usdlal duy Gorudlaul ByyU-
ollel MiH, (el )l dld 9; ded 3, ADA tedl 6dR 2L
USR-L %*{gbflvtl B4l GlLEL $4- (external fertilization)
5 8. 6llal se- salddl AL Mlail (sexes) A2 BdAAUAL
dlaid (synchrony) sidl HOl € e BLAUIAAL HIUY
(aefl)HL ML AvL H=yoll Ysd 52 8. Fdl wyyou-l ds
all 9. wRAHRU (bony fish) 2 24514l HIEL Aval 241 Dd
Al wAY B, dedl Yoo SRFIUEL 2 8 3, Aalaiidl mast
G121 el Wil ietiady vor o atl 202 8. 2, diie Yoddl
Al ugladl udal eus Ralpi war ad W 8.
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Yol ™A AWl Fal 3§91, G2 wellall Fal § ARYY, [Asal, A 2
Hi2l el aquladl (2ol Bidall, sigd ol 214 2ugd oflrtu] )i
AW el e yyyoud wd ©. dul 1 uBud vd:sa- (internal
fertilization) $& €. 1l 6L ADUHL 5N Higldl 2l e wAX O, wul
Al "R oy WA AR WA V. Ad:Fed eUlddl AWML, 4R U=y Aldd €l B
2 AR W2 8N Yl uiA 8. 2l vl Al vl sl Aoy B, uig,
Arll AR Aol 2issA)l v 4l 208l Sl 8. oflesul anufii, safkid
AR %YL WAL gL el By Yl det WA 8.

1.2.3 USA 82U (Post-fertilisation events)

Riolluosrui youny [uiel ugl adl de-iziid ussa uz-uil (Post-
fertilization events) 5& €.

1.2.3.1 4941% (The Zygote)

[Rollaar-tet ealadl ol Al Yor-ay (iRl ad 21 4B (universal) 2l
9, ¥ ADAUL GUEL SA A O, AWML YoH-A%] Ml el Wil (welui)
wd 8. w12 Aid:sad saladl w2, yor-od Fule awa 2exl »iez wa 8.

YUyl ARl [Q510 ADA $UL USIRY DaAAS YA O dHY sul
walaRl 4 8 drl R AR 8. dld At 0L Fal AL YuAy Al glad
sd 8 % el e s (S2) 3 UlAsR 82 8. d 2 WAl udal
(A1l AHanoumiel w2 89, s[4 (haplontic) @adds YAl ADAIHL
(AR {ReL XTi ool oui 691), qouny AelsL gzl Asdlu ellanil ¥ & %
sl wal 9le WH 8. 4w XTI+ wsayzasyl Asil 5 (a4 (diplontic)
24 25-[g[A4 (haplo-diplontic) @a14s 4Audd] auldvil4] You1y-l (A5
$4L UL &9 7

Youdy, s Ugldl ol Uildl uwdl 42 Aldd Anddl @dd 54 6.
Wird AR oEL % Riolluosin euladl Awdld @an As o §in dly youstoel
ETURL

1.2.3.2 Gi81%11 (Embryogenesis)

AR gl Rt [Qsiadl wBu . e elHann, YUy
S[AcU A (AHGUA) 247 SM[AREA WA . sSiulacua-el [R5 WHdL B
Sl v adIRL Ad ©; w1 sinfAcied eI siNiAL uyelL Seals
FuicReliiel war adq [@Rre Tallpil 2 2ol 3], Awasd Fula 52 8. a
UG HIRRIML SIM[Acu A [Acie (A9 xeud 534 O,

WLl ML qodAg-lL (st Hiel serdl 6lgl dd & 5 e, del 2R
d2lln 6L UsR) - viguAdl (oviparous) ¥ vyl (viviparous)Hi ddAalHi
23 B W2d ¥ Al sl [ w5l Soi % el o2ain g4 Ul ARYY A
uefladl Fau iguadl el SRunysd saadl uald $si walaemi ylid
2 43 8. MBud Aadsio eie snanel Ssididl e 20d 8. olw ds

~
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UMl ML Fal 5 U AlBcdrl AAAHL HEL AW sl You-wHid]
el 1a (A5 Wil 8. gla-dl Seclls viarauminial w12 gL ole dBL Adld WL
eerll 6lgIR UUd WH D, Y10y Rlly 5199 2 288 51281, dRl] G (Addil
sl AUAUALL ADAAL AY, €1y B,

Ayl aRulcil Yountl (A5 248540 &AL 6. - slle YUl awyall,
eAUaLl A EURL 530S A W W 8. Y a¥ 2 quldd wy youdl asl ¢l 3
P Yol Al 6 6 7 BUR WU AUl WA BA ¢ B, YUAR
(st Rl A sl s ool iy 9. ofloaaasdl [si snul i 8. g4l
ndl glad [QsA B ¥ $AIAW (pericarp) 5¢ 9. % s1ulcHs Ad WRAUHS O
(usle 1.8). [alB2w oug, ofle s WRRAMML 2152 wlA Adl arula u% ©.

=

w5l 1.8: Jeals s % ol (S) ¥inl W@BUALS SRR (P) eld 8

AR

Ut glRL Al Wil Yol @lAd 28 8. AL Wyt 2]l 2
(ol 21 6 UsRHL Al sty . 2AlE20Y A FYviAL BB AHIAd
2l d §01, dld 2 Feais vyvsdell Mellaiul % A0 - 41 © dl
WL UBUL AU D, (20U gL M Adldl AsAAUA S1Y B, FHA
{llFis Ulcslail (clones) s& 8. Adollnril, seilofloagil adl vot ¥
A A 22Ul 9 % well dle A1 gL Gaurt W 9. sfAsF
uA vid:slisal (gemmule) RPN AAA 20 uglavil M-t sau-l
Rl A 8.

RSS2 255104 Al g 518l S 2l [Bousy-
gl ARDLIUYAL 52 8. gt ol Secls wlly ud w0y
alcAlml e, sl xHlerdidl, AR, drcRst adll Fdl Al
“Adl Al 1% 9. URPIMA A 2 uglail iy A Aulds UYL
a3 Geavuy 8.
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> wn

RisMUyA =yaildl RHIBL 2 ddildl ALt aud 8.
ezl wid d 2w1s R wd H{l BGu 8. e el G2
el woee Rioll uglael o wa 8. [olluog-n-dl qediia yd sa-,
S e WAL SAAHL ASAAUHL 2d 8. Yd §Er FYALS A FYileil gl
AHIA B, PR YA Fe YoHA% ] FAIRL 2 g1 A 8.

A w500 3 ool €lu 8. 29 sllsul2iMl Adladl @i 9
51280 %, d2il [l usAl yodl w8, anufiadia Asae-d 2 Gue-lu
AR s S, Wl [B(&00 & A58l €l as ©.

AP @Yl Assld €1 8 % w5l A4 luy 8. vvaezu
5L ADAML A AH[AGUYA GIRL UAL B,

eyl dee, [Eollucgete-dl 2iagus qet 8. BE udlHl i
A ARA B, IR 5[0 AN AHH 5 A5 WA Yt aell A 8. g
ollrud>lal, [ARre UBAL - YAAAUA gRL URPRYT A8 Ad © %
YRR YRRLAA YR 4 AU O,

AR A HIEL Byl A2 Py (fertilization) AA 8. FYYIHA
AW Bee{l LI AL HE AA B, WrYYIUAA 5128 B (AR S0 AN O
¥l YouAY (zygote) 5& 8.

yourayiel opRil Fiadl Bain g 58 8. wellailng, youns
AL olle dd ¥ (s Wil 8. wellbil iguudl 3 wucmudl €y 8.
ucmAdl ezl cRIaeL 2= sl ay A €y 8.

Ay asufall, sas ol oflnaY SO 2 2igs ollwHl FuidR Wi
8 12 Yoo ofloy-l vie Adl Ul Adla, ael €y 8.

WY

AWl U2 Ut A WL Hads 8 7

585 UAugla A1 9 : (il vaan wa0uyq ? w2 ?

L W12 ARPAUY A g1t AA Al ulasle add Gedvus & ?
Riofmaeinel dlfl uAdl Al Dladdil A3 a6l S, a2 ? 9 20 Qs
gnal w8 ?
wlR0M% A gL AetdAell dAald Rialucste g1l uoAdd Acell Qi 3 Ad
DR
w00l uA [RdU%AA a2ddl el UL W M2 dldulas Uy«
(U AAAL U5 A5 ULl dLRiaMl 21 € 7

|
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10.
11.

12.
13.
14.
15.
16.

17.

18.

@adsiiv

alulds U 9 8 7 6l Gelswll 2l
ULyl L

(a) Yarsd doissl
(b) WS deissl
(¢) 9g (weldi)-l detssl

G2 sal udl [Ealluyndl s wRa Ald ©. w w2 ?

L M2 (520 2 Yot SRl AR AAUHA B 7 w3Ydl 20l

AW iy el Ul s oL PO 2L vl 5 Al 25514 (n) © % (2414 (2n)
(a) sy

(b) uRLPUAA

(c) s

(d) YA

(e) ¥y

() 2o
6llElL SAA AAIRA 53U, dril ARSILEIL ¥Rldl.

yoflong] i Youy A2l dsldd il

Yt 2l YRIF L AL dFlacd 2Ll

Wi Ug $AAHL Ul 328130 agldl.

(o0l ywu 22d g 7 it wdlall wiatell i (o0 ywil 2458l 52 A4 dHIRL
Riasl Heedl dil AU UHL 244 Asuls <l WL

S5 uRL ggroflal 9igel dlsis Yule ulast S e AR Yl dal el yid
Hloreielel Huet 530, 9 a2 516 arRulal A5l ywil samian woui ?
W2 ] welaii-l Aala-dl 008 sisuadl welaisd dalad anl
AL S 8 7
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(Sexual Reproduction in Flowering Plants)

2.1

2.2

2.3
2.4

2.5

Y™y : Algd

ofly Rl »is
21545 29

yd et : 24Ul
el gl
RERELT

Y& serl 1 Y]
] el
241Uyt 2
LS HL L

9 el floelz gl 5 aufavil [Roluand 53 8 7 ywsl
el Bl drg ASA 20wl vall vqedlal o, Hes Yoiy,
1505 201 % 2UURLA 2L O, 21 ol Rofmaer el wALHsAl
6. WU s5d 2uuel 2aeflusn W2 xR Yuddl il el ol o
Ayl Al (Rl sald O, yula-am, Y 24 d-l
waly colldl Adl qadl [@Qfadr 2 [Rallugnsl »ilan lu,
50 2 ofloyeil A%t Hiesll sl M 52 8. 20 usul,
wusl Ayl (2ugd oflridl) adrulasdl cusnsilaan, -l 214
(Cioflugetril Bairdl e s34

2.148 : 2Ugd ollrudllg w1 2usMs 2ioL (Flower :
A Fascinating Organ of Angiosperms)

Bl Hell Wl il A B e ol 8L 8. Yl 2 Aledasl,
i, Arlrs, Bis 21 Airgls Hed H1A 8. dvil éRal Hiradl
Herarll drellal wdl &, A, adie (Sd), vall, @, s & g iR
s s2alll Udls a3 GUAl 8. a¥ wir Al sdicis Y-l el
ol ¥ ALHLAA: B8R dHY ol Gousalil Aidal €1y, Yal
i yeuledl A 4] s1el 3 s v Alslds 1A AL geoHi
Gualorni Aaudl sl Y4 a¥ yu-2ala (floriculture) (A8 i1 & 7
dril dgef Y & 7
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wu5la 2.1 ywuel Glow Bes Iutis

aldaii-l He, yu 2 onausiRlaensly x4 gRuaansly efevl xedd A 8
2 [Colluayein e e O, di e XML yuri [Afas ool (@9l aiz el
(et 2.1 duA craBus woust [l oudl-l die diw sl 3§ d Ysuril 6 eldli-l
A 20l wsal 5 Ui [Qelluar Hierl 6 Hemaril sl [@Asn wa o ?

2.2 4d s : AUV A u2-U (Pre-fertilization :
Structures and Events)

AR UR BRI YN AU Al BEIL AHH Ul anRuld [ad oouial Yy u asl
(Fusla Qeaus orll U 8. Jeetts vid:adld im AU 335111 WA AU Yl
Uil [A6Le - AU 20104l [A5120 1 B, WusTASIHL YL YUl Ao 8 2
weslefl il wR Yol ud 8. WHL AR 2L HIeL WAl - YU 2l w{3UR [Aclen
2 (A5 WA B, i Yt 2128 53 ASL 5 YEUR HAAG YEURAS R Ui ol
UlAFRE 52 8 i {EAR HR1ad wEAAS Hiel U 2o UARR@ 52 8.
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2.2.1 '}Q{Q,C—t oflongiail A4 YRAAR%Y Stamen, Microsporangium and
! qelungy porang

Pollen Grain)

sl 2.2 (a) dlafs Yaure 6L cwdll eld 8 aioll 2 Wdal €4 dg 58 B A
290l ool A Bridly €l © F uouad sda 8. dgrl Hlseadl 4
Yol WA § eduat 18 BAd i 6. El-gel wladinl wedi Yhurel dva

2 doudul [Alndl €l 8. %l di ed Yl LA 2sBid
53 (es yel wlad ¢lu) d s w2 slsdl. dd d-il
seedl (o [AfMd W2 ged-dl na s, [@9edly
Yareds Wl 835 Ui s1wyds wtadisd s A dsdl
g vl ad [alan wisl 280 v uiouadAL B
6ULGLcL JURAL HAL 69

alglRs sigd oflrtldl uenay [guidla €lu 9.
€35 uig 6L 5123 (theca) 414 8. 2ed 3 o (3512304 (dithecous)
8 27, yroud Ad:51234 (tetrathecous) 8 (5[ 2.2b). asll
AR AL AR 21Ad i B v a3 vidl 2iselonel e
W36, L), UL YU AU i De i [Alay usi-{l Uelladl
B AL ALY AU (5[ 2.3 a). UAUAAAL A
el drll [Bridla 2L W ALY 9. UAUAY, AR UYL HRLdd]
AsiR(lY (tetragonal) AL 8. F-iL w8l w2 agellgiai-il
el lu 8. s visui o agollaga-il €y 8.

agolloagaidal 2o Rsk Wi 8 2 wriasiadlzi
(wwotsie)ul uRa 8. dail wreengasdl doisa s
2 Ad dondel 8 s Rl drdl gy 8.
ag,«ilwgw-{l-{l Y-l (Structure of microsporangium) :
198Ul Adl, caBs ueuay (agellgil)-l sua awd
ALUUSIR %l HA V. d AHIAd: AR Elaleld Rl 2R 8
(gl 2.3 b). AMBRAAR, dgdd 2R (8182 - endothecium),
YRR 244 WNSR (tapetum). Glel-Al 2181 2L stlcis dd
REBUALS Vil URLOUAUT, 212t UL URDRTA s SAUMHL Hee
5369, el vigr] LlalardR WNSAAR B, d (st widl iRy
WINRL Y WIS 8, WIS AL SN 82 51N A AHLAA: A $cll
ay Sl WA 8. g ad Q] asl ol 5 s sl 56
2Ad s3] ointal gd 7

IR URRUAY AL S1d R AdA Ad dlSUAAL AHAd
sl A agollongilel e (3o )ui 221 A 6 3 olloryws
ugll (sporogenous tissue) 58 .
étgo{lmg_w—m (microsporogenesis) : ULRUAY WRUSA oA
1R oflonRyrets Wall-l sl 2805200 wid]l, erellng, Adss [ Uit

Agrs (microspore tetrads/pollen tetrads) A%F B, YA Ag sl

R EIIEIE

YRAOLRY

SR dg
(€9)
®)

@

w5l 2.2: (a) s iza
(b) vreradsl BraRHiRs e
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A 2.3: (a) drRl uRPLAAL 218 BE (b) 31 agollangu-l-l glaerl 03l
galadl guild (c) Wlert wd wRusq uuay

] lddl (ploidy) ¢ €l us 7

ofloniareis Uallell ucls s arollonry Adges AF-l audl 4Ad 8, ¥ £35 axAyel
wdL 5 agellmy, Higsin (pollen or microspore mother cell) €. UL g5l
(pollen mother cell-PMC)Hiell 2145281 g1t agollongy uodai-l uBa agellonga-q
(microsporogenesis) 5& 8. @yo{loAR) A%MA AR d AR SNIHAL A 13U €l B, FA
agollongy Ades & WA Ages 5¢€ O (2Usld 2.3 a). wUAL WRUSA A 2 L8 oA
22 agollang il isellanall el ud & 2l uRRHUL [As Wi 8 (gl 2.3 b). e
agofloagii-{lii sonll Avarl agolloagil 3 ey« Fule w8, 3 ¥ ey
wle acuell Ysd w © (dusl 2.3 o).
YRR (pollen grain) : YALIRY, R ¥4 rls viaald WAl 52 9. %l A ARe-ll
% 2y, 516 Wil vieell LuEA gl 522l dl Rl tiowflpll uR ueRyHl Y-
Wl WG Al Hadl. sl euss ur welld Ay af, da yaieds dat ad adis 530



Ay Ul [Rdluamin

wigla 2.4 Jeells uoRF-L SAsZIA Y SRS (SEM)

A WUR 2ARAABd 29l 5 (@Y wlard] wioRes szl oot FH3,
el 58, 2SR, 201 2L AL (design) WAL B~ & (gl 2.4).

URRY A Fd olousiR €id 9, ¥ 25-50 um (udsifier)
Ay B 8. d We [Rdy elad 4Ad 8. el Avd A
GUEINARRL (exine) 581y 89, ¥ IRULAMA (sporopollenin)- tirid &
3% s vor o WRles siellRs s dld oelld 8. d G draud
el e RS 2 6 WA 251 W B, Hadl ulddl Yoo GRAs
gl AUAWAMAA 2iardd 530 sl «Aedl. UA2N%AL GlLEL AL9RRIMHL
ol ANAWNARA G617 Sld Al e (194 Aal 4oL & ¥4 %Al
(germ pores) 58 €. WRIMAMAA €13 5128 UARY APl
A3 AASIAA 1™ O, ad w A [QAR] 91 3 d GULEUdREL AISYS Clld
(patterns) 2 <154l (designs) 4d & 7 d¥% w e [QuRl 9 3
OlLEIGREL Al €ld NIA 7 weirilPar 514 Y & 7 ALRFAL vie-U
21928 ARG (intine) 5& O, d A 2 W52 oA
ULdY] dEl AVL 2UAWL 6, AL 51U Y] dAddL €ly 8,
U1 URAARY URUSC o1l © IR 6 SNl - Aliufds SN (vegetative
cell) vt CAE (generative cell) 41d £ (Q:tLé[?-l 2.5b). aulas
sin 2L, [y viRLs A8 A4 W AHRAMA 2R slE= Hud
8. FAAN il €l B 2 AlrufLs ANl SRAML A dY B, d g
SR VA S HRAAAL SALSLSIR SN Sl B, 60 %l aY gd
oflrul2AlHL, wRRY (21l (2-celled) Aazaa Ysd Ay 6. ousl-l
Al RS Busifla (3-celled) 2azaipil Ysd Ay d udal
il SN AHCU L WHL 6L AR UYL A% D

9l il uoRy wal dASHL dlg A4 1A wAUR i)
3ldsil (bronchial affliction) 32 8. ¥ 2AAALA H4A1H19L iRt Aol —
ML, GlestORA AR WY 9. il GeAul 5L 6L 5, UL SUHL
videl 464l WA x190& a3 ouxR wwd (Parthenium % Carrot grass)
aURAML LA B, ¥ Adedl B A A uARRY-] A4 A3 D,

wRFAAA
SAlscld

aifas SN

il 514

w15lA 2.5 (a) 215 wRRY
Al (3 2uid (b) YAy

Yoddiel saeil
|
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WY NS el AYg B, elarl Al uLRy - Aol (tablets) YRS L1
a3 Gualal Adie(l naL &, Ul 2alMl, Hial uMiRiHL YRR Ugiall AUl 44 Riu,
3 GI2ARHL BUALH, €9, YA QUL s /AR A ELSHL AL AR HLSALAL
(race horses) gulld (performance)i AL 53 € Al eldl Yul € (Q:tL;g[?-l 2.6).

V5 Auic YAORY Yol U i B SAAUL CLL Adie{l €14 dl il [Addl dpua
o el dadl YU U2 e ag 330 8. weR% -l @(addl s2dl aiofl ¢al d eueid
Ad [ D UL DALl 41U [Hertcll £ AL D A A 555 210 UAdHIA AlUHLA
Vi GL% YR VUHLRA D, S2als Hiwdl Fal & 86 A ALbAUHE U1 Hsd 4L wedl-{l 30 Bulrieni

w2019+l fluos 30

TABLETS |

. Bee Pollen

from England

Natural Bee- collected Pollen
in Tiny Golden Pods

A natural food from honey bees
NET WEIGHT .45 OZ.

2us0a 2.6 : ueR Ayt

@Rl 1A 8 i AR, Aoyl 2l WAL il AL Al DAl 4L YHL
€l 8. dil sBi dldeir (artificial insemination) (42l Aot ¢, FAi dep Aldd w2
Rl dld/as sl Ao sl 2ud 8. Wl Avail sl wery adl yHl
ualdl AUSZ% (—196 °C)HL )[Rl 520l w54 8. 4L ARLA YALRY L GulaL wdLRA
(pollen bank) 3 a8, % wis=Aalfa steisHl W Gualoll oflw(H[® (seed bank) ¥<, 8.

2.2.2 onidL, Helloagiudl (18s) 2 yrye (Pistil, Megasporangium
(ovule) and Embryo sac)

onuidl ({13 )0 Wi el uogeiion 8, w{3aAs, W % WA (VsANZUR -
monocarpellary) 24l 42l w{l3u (Hg%ﬂ?ﬁtﬂ — multicarpallary) 41d 6.
DB 25 Sl aY €A AR, dil AAal (4sd AU — syncarpous) sl 2.7
(b) 2taal Hsd €la (Yod W3UL — apocarpous) sl 2.7 (¢) 8. UASs WA AR
@Rl — UREUAA, YRR 2t ollnaa (2isad) 41 8 2isld 2.7 (a). YRIUAA,
WRIRY Al ALl et 8. uALARl waouAn-l A 2dd deuddl wdoll eudt 8.
w3 dee sAel el ollaaga 3 isad sdad 8. ofloagu-l g slloaua W
(5122) 2144 8. ¥AY (placenta) ollnu-l Weusi-l »ieR drs 2udd 8. gy a-sl
oyl A ddl UsIR, B dd HIRRL XTHL MRl ol 1, dd dle s WY wl
uglellongndl (msegasporangium) Ge™a 8. ¥ AU IS (ovules) 58 .
oflonaai 1850l Avan 25 (a6, siorr, 330 ) mell (uly, aso, 20ER) s S,



Ayl arulcl [@olluagnin (\

YA
oflogks
wetaU(e-l . -
) BLALE 285 €8
YRAUAA e~ 45695
245 (gl Yo
6llEL BSS19R8L
id: leslAR8EL
Y5 WA "
o{lenau auery2
gt (slloaan)
RNEE] 2idsdely Yo
@ (b) d

wsa 2.7 (a) PLBAR eulag nye- RBORA YW (2ird Yoy ouolla €2 521 (b) 2818 (WdiaR ) gl ulysd
BB (c) Aut (uS3laan) olg3ul 4sd w3AR (d) aals 2 2185 B Brug

netellongiudl (2i85) (Megasporangium Ovule) : 6], WS Hgd
oflartn-l cnalBls weioflonga-l-l 2a-uel uldour ada (2usld 2.7 d). »iss
B el 22 8 % 4 ol Y A1 AAA S B, FL A35UA/185 €3 (funicle)
5& 9. igsel 26 ¥ ML A 2isseiled A AUAA)L €1y, Al ollods (hilum) 58
8. 2, oflrden B Higs A isslld a AdHAUA B, €35 s A5 § o
HUBUHS LR8I Y1 § ¥ 23514210 (integuments) 5& B, il 2i851911L
AHA Uz (nucellus) AR 53 8. Rad 5 2issmil AL oudlL s - (9g
2135095 3 olloni3 (&4 (micropyle) g tall. 2i85[E9sl 0311 B3 3544
(chalaza) 219d & % i34+l dd GlIRL O,

sigsiarelell duddl SNAL uHeA UBs (nucellus) 58 ©. Ul SN
[ya el ARd viws 4ud 8. ueerdll 2163 GRIY2 (embryo sac) Ul
HIEL %-Y%i$ (female gametophyte) €lu 6. 23540 A1MLAct: 25 Helofloagiel
AAAG M GRYe HAd €U B,

umb{lmg@'m (Megasporogenesis) : Helo{lang] HidsiM (megaspore
mother cell - MMC)4ial usiolloag-il Fuleid Hgiollong
(megasporogenesis) 5& €. 54l UBerAl S[E9AU HBAHL ABUAA: s
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2i85R9dld 941 2i4509dlu B 2185[9dlu B3l

Ues
| Helofloangy
wetoflong Uetellongy ALds
WY (2selld 22
wssdelld Bl
ulagela sl
e
© gella sindl
© Seoag 51N
RO

ASlUS SN

My MU

R —

w45(09d1Y €931
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2i5lA 2.8 (a) w15 Al Hsiellong Hgsin ealadl 2851 ol weiofloagil-l RoMld 2 Agss 2L
(b) araryedl 2, 4 249 8 Sl AL 2 Yo HRYE (c) 18 Yod apayedl uiBd uqd

ueloflang, Higsiid [Aoled wd 8. d 42 SRA 2 YR SEw HAAd
el s 8. Helelloary Wgsin 2l Wi &, MMCH »4ls2@ a4
derag & 7 wHflsei uReud 2 w1l (megaspores) AU
(2uslc 2.8 a).

HIEL ¥Y¥ iS5 (Female gametophyte) : 2l cudt-l Ayl aqufaziug, AR

UgL o121 Helofloaril Hard (1el) Wi & e 1 (25 %) Hsloflong, uBy 28 S,
| . - N N

Wt AlFu wstellongHil Hew=yats (Qaye Ml [@si wy 8. s, 2s

wetoflonrpuiel gprye-t Ml 21 uglan 2s0llomgys [AsA (monosporic) 5&
8. ue, MMC, dl34 4giolongy 21 Higl w415 siuldl @ldd o ¢d 7



Ayl il (ol

Adl, 2wudl gayedl FRulesdl uBual @ A8 G653
(2usla 2.8 b). ABA weoflongyd siues Wour-t WHl, 6L S3-6L 4% 8, 3 ¥ [A3g
e 4z olld 52 8. 2, (8 (2) Smddla gayed Rl i 8. dxl 2iqadla &
s Aot gail s1: AR (4) SEmdlU 247 uesl U6 (8) Stusdla arrye-d
Frate 2 8, 24l Al B & 20 us1-d Aufacuos-L 22U (strictly) Hsd S1u3-<d
Usi (AU 8 3 Aed § s\u [Aeusy- ol dd % siuglaias e ag el
8-5lu3edlay 2Rl olte, SMElaldrl Rl A cials el yws &
Ry Ay 8. oayedl viez, sl adaelld Mdas s (Ausla 2.8 b, ). 28
UL 9 sindedl singlad o walRd wd 8 »d Sl WU R 53 0,
IR elSlAl 6L sidal B Ydly siwdsl (polar nuclei) € 8, dil Hsuan--l
g50 Hi2l 3432 1M (central cell)Hl Sl 8.

ety Sl cua®us ollsasll Adl HA 8. 8595 dRg+L ARl SNl Alow 1o,
8 e VdUAMUA (egg apparatus)-l AL 53 D, BigUAHUAUL 6L ALIAS SN
(synergid cells) »L7 315 B35 (egg cell)-ll AHIAA Ay B, A1us SN, 213E9srl
AU drs s [ARre usi @A 41A 8; Bl dgHd WRUHA (filiform apparatus)
58 8 % WS Aeids SNML udiasdl s 52 8. oRL SNl 2dsdd drs
slsary 6, ¥ wlagdly sl (antipodal cells) 58 . 21U WRURAL YAOL, HUY
Al s 2 Yl sindel ud 8. 2uM, sugd oflstuil-l cal®ls siye (typical
embryo sac) Yoddial 8-51M3-dla, uig 7-s0dld 22 HR1d 8.

2.2.34RLUH (Pollination)

UG [Acuoml i e 4l 3, Ayl adulaui A2 2 HIeL ¥yl sHaL:
URRY 2L opRryedl A 8. el ol USRAL Fyil Al 8. ddll sa- w2
cdlin 08 gl ¥33 8. d ol Ad et 530 s ?

U2 (Pollination) 2t &q (g sdl 2Us Bul 8. woRy
(uaou gl o) w{EAAL YAUAA YR AR sl Buid wRwaran
(pollination) 5¢& ©. uroLryt Hie YL ariufaliil Hedid -sasl saadal
1A . YRARLAUA 12 AVl GUEL 5151 (Aesl)l GudlaL 52 8. g d¥ asdd: ial
olel sl del o-udl usal ?

WAL U521 (Kinds of Pollination) : UR1212%+L ALl A, YALLAU~A
A8 USIRAUL adl Asty :

() 24%41 (Autogamy) : U USIRHL, d % PUHL URRLHAA A1 6. wLLAu Ml
VAR % YL WU YR 2ANUAR Ad 8 (sl 2.9 a). A
Wyl vleal ALEL YRARLAY A URIRURA veell aclel] Ase- Al A A o
Aal AL 8. 2Alal YL @geet H12 WARIR% L Ysd 2 wwou-+l s

(\




gl Yl

w50 2.9 (a) -yl ywil
(b) uR-uARLU 1Y Yl
(c) Agd Yl

@aldsi-

AU AL %33 2L UAUAA AHY YA, UL A 50{o0 ]
Fised™ gial s, 7ol aurotiaun 48 4. 3edls arulail
%dl & aidlell (common pansy), 246l (oxalis) il SIALAL
6 UsIRAL ‘i“i\l AAY O - g E!_‘N-l\l (chasmogamous) 5%
2, LALLMl YL Bl % €l 8, FHAAL URIAY
Bl YIRAA Vel €11 B i Agd YWIL (cleistogamous)
% s1a vlddl Aol (2s(d 2.9 ¢). il WAl YU e
LU L 56{lo el vl 1295 €1 6. R sl sl uonk
2812t AU AU URIPIRY URRLAUA HIS URLOURAAAL AUSHL 2119
9. B, Agd YIUL e Ws- Fdl HAL . 518 §,
UYWLl YU U @A 2dldl S ds €ldl Al
A9 welal uwoLl Aeialal el ofle ug wa 8. 9
ddl sél wsl 9L 5, Agd Yl AUl e dlesis ©
AsAsRS 7w e ?

(ii) AI2HAH] (Geitenogamy) : URALUAAMI WRPR% A ¥
AeRulArl A YAl oA YR 2fd gadl Ba 9. il
Sie-llonl 21 stulats T URURRLAUA B, FHL YRILLALSSL Lol
a . w5 e[a d WsAt AL AHIAdL B B; 5181 5,
URRIRY % a-uld wedl 2ud 9.

(iii) 424 (Xenogamy) : YRUAAHIY] YAANR%Y Y 14 Ayl
YLoURAA YR AL Bl € (gl 2.9 (b)). L 25 Hiat Hal
UL WRALAAA D § FHL URARUAL UR Bl [Bicl Hadl
YRRy @Ud w1y O,

URAAAUA W2 LS (Agents of Pollination) : d-iRuldil, &
USIRAL - 0[5 (wart i well) 244 F[as (uellAl) aesi-l aes
adly Gualal 530 YRIetHAA 52 0. Hi2l eul)l Al uRIeLU s
e #[As dlesidl Guaidl 53 8. vot % 2l Hul, anuldil
¥ AlesiA GuAlaHL A 8. v 2t Wil 6inl gl2L Adl YRISLHUAH]
YAl oA WA AUl diaal sl e V. el
22Al5AAL (AR Yol W12 2485+ vl 08 uRiea
W2 Yyl viel Hil AvAHl URPRY UY B,

(A% ULLAUA USL YAt gIRL URILAYA BR) AL 8. cld-
WA HIZ2 %33 8 % ARy sdsl A AlsiaRSd ein. FHll
ariedl Hellg A8 d 90l AR a4 0. dHeil YhuR vol udl



Ayl il (ol

A vieet 5 35 (Bl uA01RY A0 vl Hals Wl
(e wall a3, 2usld 2.10) 4 3, dlesiysd Leus-
glanell dld-HalRd uARRYA d a0l ¥sdl . did-
AR Yol AU 28 vissysd oflmay JRuadl s
yedl el Wil 114 8. drd Al Gelsel © 1std-l
Q8L (tassels) % i YL 91 A ol 56 AL Ui, URPUAL
il YRRLAURHL 9, % YarHl AN 9 d YAIR% F53 9.
R ALA-URALAYA VoL ALY 6,

WiRll gL wRLoLU A b6t % Bl HUHL QoLMolL 30 el
R Holaiml stal Mol 9. Fui-l Hel el ol
sseoll B, -l AR R We 9 W & e saudl
adyfaxl dl 3, dla, [Buidll wAd BridlatiHl well
AR Bl RUOUAR Hie, [FafAd dies Wy 8. g el
214 & 3, [g2i0ll 2 Briollild (A ABid €l 8. s128
%, AR gyl s Ao se e dd well-l #3Rud 8
6. % uABIA a-uldl 3edls Gelewli aldiARul, e1sdzen
5 % st wiellal GLOL 8 2 S2ctls e[RuLS B Fal 5 Al
A 2wy 8. o] o ey anulddl UL {2 well-l
Gualol sl -l Hiew euotl ellu anulat Fdl & gl
(water hyasinth) 2 ocly dledl (water lily)ul ’ﬂﬁ“l?l
HAAUAL BUR s 28 © i 32l cuoi] 2% asufasl
%4 §lesl 3 uart gL URABL A ©. dAARUIML, Hel Yl
Wttt @ioll 9ot a3 welll Awdl U2 2Ud 6 2 4R Yyl
5 uARe wielll AUl U Ysd w8, dil sy (ula)
Ad (passively) waudls gl degt WA & (25l 2.11 a);
Auidl 32ais Wiel Yl uouA- 3l ueld 8. weuABid
ARy fairtl 2wy AN ¥l 5, eRULES U (sea grasses)Hl HIEL
wedl el [FHor 26 6 2t uaeiRy wiell-l »ie: s ay
8. 2utell Ala2iil wLeRy diofl, u£l4y (ribbon like) €ld &
e wellul [Fy d asd Wil 8. duidl d2dls veuu-
Yl ueld 8. Hiew el eyl el wrweRey ol
&eL 12 2@l »1aRd (mucilaginous covering) €14 €.

cllt 24 et ol WAL arala il wil o200 gldl

el 2 WYg (nectar) AL Al 2 e 128 Y €l

as ?

2u5(d 2.10 ¢ AR YRR 2 YRASRA
Y3ul saladl »is uan uaBld
asiuld ealda 8




@

(b)

T P

4A 2.11: (2) AdARUML Wl G121 URARLEA
(b) $l2s uedLUA

@aldsi-

Hiel et Ayl adufail yaotasst dils
(Al w2l Gualol 53 €. Hamredl, udBiag, s,
ajoL 5125l (beetles), @A (wasps), 84, ¢l (moths),
w2l (s = sausdl w1 oL od = ol uall)
cal 2AlR3Y, AHLA LU © (gl 2.11'b).
wielll Ul fles v s34 Haavilal 21 uoud) Flas
WRARLALESL 9. 2L BuRid, Hiel wellall Fal §, sedls
WH2 (AR), gauRiél dlaal eidaion siddi (sd-alle)
wigllAl (arboreal rodents) 2A%al ARYUL (2Us1 210l
i SR (gecko lizard and garden lizard) AR
sedls anfapiiHl uRLLatsst adly Hln 6.

el gl uABLL adRuldiial Yl W2 eusl
wiell-l 2lssu wld W [Qlre usidl 2-sadl
(@sud 9.

el cwatdl sl uABld il e eusl el
2016120(], oIt 2l HYRUUL Ay SlU B, w2 YWl
“rtl 1A AR HRLL YL ALssE 4 WU orud 6,
Fefl L BN o1 2 Rl Wil 391 B 2l
Yoiuel susuiy . Wbl 2 ojaglesiall wARL
ywil 2wt elaiid susal galt w9, wellaiidl
yausidl R san, Yl 20 wellzid sk
(reward) 21U 6. HYgd (nectar) sl URAIRY 2 YW
gl2L WPl HAdl AHE YRR 8. UL Y351+
Wit g, 2t st el uRwoway s uRielsL
Ausul 20d 8. 21 welpisdl 26 WRIRY A
Aad 6, el gt wABK WAL w0y Alsiaysd
Sld 8. 2R L Rl Wdirdl 86 YR URPRY AL
URRURAAAL AUSHL 2019 B AR URADLAUA iy D,

Beells A ylla yResiz a3l axa S
Ysal M AGAHA 2L Y3 U B; e, Bels 8 YR8
(Amorphophallus)<{ G134 4™ (d Y™ o did
6 ge-il Gl 4AA ). vildl % HidRAoiY gei-ll 2l
2 Y551 ArRUeL 922 el HA 6. ol ol L[l - el
L Y551 AUl 2isollon a9l Uidid @anus Yl 53
it tell. gei Wit $i ollonga- Dewsmi 4% S 1A
YWY el leclMl FEL 611 YABLL A 8. %R oflosel



Ayl a2 [Rallue--

[t 23 d Ul o geidl $4o1 % Rao (larvae) Ssiniel slelz 20 &,

a# w e 14 2 aulaxial Yl Aadlsd s2ql 8l (Haal daHd
el w2 Ui 614 ddl) : 515, 320, Wlua, slal:, uiy, Saul, @il
(lobia), su, a¥Ls, dde, dlof, «lal3R] (Eucalyptus), 39l 7 d el4ql-l
Yt 521 5 540 8L du] Yalsid €9 2 duil wAAUSs] & 5 8. dH
dlaoryds seaus [Baul 4l Yl adls 520 2 Baa-u yei-gl 44 ad
d Y8 Nl Mt 52 3, Yol Qg viqd dul Yasid ddl ueill a2
S8 de2olq © 3 Al3. s1awyds xadis 52 3 A Hausidl uouay -
URARUA LU HUSHI 2UQ 8. $5d 2lal ¥ YAlsidl¥i] uoL-d1 33 6. avu sles)
ReoUetge JAl 4R URAIRY el HYRAw GAloL 53 8. 1 Yy Yeusidl i
YRAURYHYERU ARl sEAUY . d¥ $81Y YAAUSSI vl Y8 usal
2ql 1 Yo wlav] usl. uRq 2 AUsSU 9 5 d¥d A1 HYedld HIBLUL.

oUEL A48 W51 (Out breeding Devices) : Hi2l uaLs{l a4yl aszufdil
(B0l Wil A% B A URAPIRY A % YWMrL UAAURAAAAL AUSHL Hiadle uRie
538, Acd W-URAdLUA 2 2icdRAatA g6URl (inbreeding depression)Hl WRELA
6. AYM] AUl 2A-YRABLAUAR SLARIHAL i UR-URLLAY AR, Grial Hie
el uy(saadl [@Asud 8. Sedls walaxing, uRierel Y5 s ytous-l
ASR-EHAAL AARO €l A2l uRiouAA AR o1 & Al % YRR Hsd
ALY AL URPRY HSd Ald el BRI AHY udl Yol Agatelle o 6.
oflew Sedls N[ANHL UARNAA 24 YRANRAA FEl-%el @AM 21 €l ©.
Fell o % WAL YADLAAAL AUSHL URIIRY s34 el wsdl el 2 oin
U5l 25 et (autogamy)al A B, 2l U5l % Hid ik (inbreeding)l
w251 8, d @=L (self-incompatibility) sSaud 8. 21l 215 w<{l[+s
(Buufal® & 2t 2auRuotn, A5 20 (d % W 24l d % deulinl ey
ywy) (L 5AAL YA AL 21481 5 UL [Ast 2arlH] 2is8i sld
Al 2519 6. W-URA2UAUAA H2siadl Hierdl s uylst 8 & sl wl
Gt $2ql. %L AR 2l HIEL 6l USIR-L Yol 25 % Al uR Glotdl €ld
(@suesdl) Fal 5 [Raal 2»im ws1dul asan viesidl wsid 9; uid AdeAdl
AL !yt el Al <2 Yl 2 el wedl [ 6918 uR ualu 9. ¥l
il gl 42 5 Hel (Buedl) sdan 9. 2udl WRRARL wsaq 21
G ol vesid .

Up2R%-A3u2 2idAEuL (Pollen-pistil Interaction) : UALUAU- 419y
U1l uR%AL dgell vidil 2uug el (d o 2aldedl uiuA-d U d o
olair{l oL wAIRY). 1Bl ciR, uLouA U 2w Al ¥ d % a-ulasdl
(% d W=2AA2UA YA €A dl) vl UsIR{l uAARY WUd Wy O,

C

R

‘I



aadsti

RN EET
0\ ulagdly, sl
M sl Qg
250N
Aslus SN

wRLRst gls saladl
s Ywusll 2 Bt
(c)

Seod S gella sl

L5 Srg

ey Sinds
(d)

2u50Q 2.12 : (2) waoURA UR g0 WAl UALR% (b) UL 9l& Wil vwil@st (c) urwtrl@sil gla-l ol
galladl 203UAALL.S. (d) Asids S URILA 5L U saladl 21l [BRgd Brild (e) Asias S
AR YYlisll 35t wel ARl U, 25 2isSINAL 2 ol Srre sl

URLURAAL YRR Blvcll AL €14 8; Aed 5, d AL UsRHL (o) O § vile
USR] (A1) 8. % YAARY WAL USR] €y, dl BEUR d-dl L1 52 9 v ya
sert H2lpA U3 O, % $A- d$ d= £l U 0. %L URARIR% viial U1+l eld dl w{L3uR,
YA 21528 19l AL 51 9lgn 2018, Y11 Bilovialel o{3uz-{ dHdin
R WARTL el F siellgld wn B, ¥ uAARY AL wIEUR 2L Add Adle
(dialogues)=i WRBUH €9, UL AdieHl, 215U WA 2ldA3UL 5l UARFL AAURL
g2l Heell ddld ad 8. diFdel Al adulansllad, 3ecls Uy 2w wlEuz-l
ARy wesivl ellgla & 2relglan 2 adl 2xidABan 2o asn 8.

2UG WU A6l Al WRLAAT A, YRS UAUAA UR 515 s
etetlBginil WSl uRAARSLIY UF 52 B (2usld 2.12 a). wRRFUL WA ©esl
WAL A Wil ollaaaml weld © (Usld 2.12 b, ¢). did e ¢ 5 seells
AL URIRY (2510 AR s A B (s dlrilals S1U 2 25 el S1W).
o1 uRLARAHL ulisL gl wHdl €l AR sy [@Qolo Wil 8 - 6
A2 il A% . el Al 3 FHL uARY Bisirld v Hsd AL B, diisl
w51 Al o 6L A FYil HAA . YIS w12 ol ueiA 8 AR



Ayl aruledn Rl

213589 gl 2L UAA B 2 ddHU 8251 gL Vs ASIAS SINHL WAL B
(gl 2.12 d, e). AFdRAL AU el HgH U3 B F, AU sl
2145E9dla B3 AAd did desl uLRisA 1A W2 Hdledd 20l 8. 21
ol o BRrlBI-URARRY L UL YR ALl Al oLl Visul
udA RS Ad WARY1{FU AU 58 8. 210U FBUAL HH,
UARF=2{ AR AicdA3UL 218 UsR- Burcs dulalle uBu 8. ¥l wwRe+l
el & wrellgleinl A2 dedl 20 (RA2Ucl)L AHA A1 D, AL &oteil
stietril Gualol 531 a-ufa Aatsl, yol WU AidABA, Guid 2RidLd
UAAALAUL 3312 53 6 e S[E9 A4 Adl Aad .

d¥ d21a (pea), U8W (chickpea), $12ARUL (Crotalaria), AAHEEL
(balsam) At 6URHR{ (Vinca) ¥l astuldiil ureRy- wbud sl
(@oreioL 10 %) "l 2eds U R s34 d-dl 20 530 Sl L.
15-30 Pafste oi1e eS8 Ygeds dotil di-WiaHi wadlse 531 uRYHi]
O8I UG WRALAASIA AL LS wSL 9L,

AN L0 aeRl Aol (U580 9)ril USRWIHL AN 520 & (Mt
leil 27 5035 Ul 922 5w gl ORI @aell-dl AHray 53,
auRs QR G2 nd (superior variety) Hoiddl M2 A5l GRys €lu S,
5 Aalq, ws-yrren sids we-l uglidiql 25 o uadia 8.
Us12-1l Al NAPIAE, o ASSALE Aol B 3 UASLAUA HI2 Wiot S[Eod
URLPIRY L GUAHILOL 1Y i, URALRUA A 2L URAPIRY (B[R9, U101 )ell
AR sUHL 209 8. % dB{l51L (emasculation) 24 51201l Azladl (bagging)
gl uglet g1 Aadl wsiA.

A el ARl [Blol ywil il gly, dl Al Heeell wasfeseial
WRRUAUA def @let Ad A uddl g2 sl 2ud 8. 21 uFuA dells
(emasculation) 58 8. SHsYAU 524 Yl Al se-{l staollel] sisaunl
19 8, % AL Zd H{LRwL 51019 (butter paper)il otel €14 8. d 2A4id1d
WRPIR%A AL URARUAAR Aelg A 2esd B (6 8). w1 Baia el
zladl (bagging) 5¢ 6. sl Aaldd Yl w{5A-L WA Aseiell
ol UR 1R YL RouAu Ml 2561 53¢ URus YAAR%A il U
6 el 530ell 24l Yourl staoll Aciaqml 204 8 A didl sul-l Qs aa
gl 204 8.

A Hig (Wel) arruld Asliol wail u%F dl delsad w3Ruid edl
Al olld o ugal del wusdl slasinl staoll deiaaHl 20d 9, 2R
uRLeuA AR oA, AU YRRLAAAL Bal SR YR1R% AL GuAiaL 53
S2AHL 1A D 2 YU Yt slaoll Azl 2ud 9,

C




/) OEICEIN]

2.3 c;)Lt‘-lé $4-1 (Double Fertilization)

6L UL 25 ASIUS SN UAL GULE, WAL 6 AR ~YAL UIAS SN SINRAUML Hsdl
5369, 6L USLHL 25 AR oY, 5N s et WAL A el SIMEL A A4Y D, UM,
AYourt (syngamy) Yol A . Fril WRRUA (2514 51N, YOUAY (2n) UAU . A=Y
A2 %y, Ryl HeHl 2Uddl Rl Sindeg dg w53, a-dl w0 Adn Bl
walHs QRN Siudg (primary endosperm nucleus = PEN)< [Fiufel 53 6
(sl 2.13 a). 204, 2R As5l4 S13wwl A Rl A3 (triple fusion) 58 8.
BUH, AYHA 2 BLELU B4R, 6L Us1RL B8 FRryeHi A B, defl 2L se-id tlag
$@L (double fertilization) 58 8. % AW Ul 2128 B2~ 8. W 510 BLslu
gL ol s (gj?l‘-ilbl PN (primary endosperm cell - PEC)Hl U813 & 1
aL2UY (endosperm) didls (A5t W 8. %R YoHAxHiE] Rl [Asi wn 8.

ASIUs Sl
[Qgen

slAdls/4oH% (2n)

WMy oy sy

(PEC) ety
Wy eady
Sk (3n) J,
(PEN) YU

(sladis)

(@aeflu ulaydla s

SIUIPERCT
(a) ()

2U5(d 2.13 1 (2) 4o~ 2inl WUls GRININ SIN%rs (PEN) eallddl s(éd sRye (b) [2evllal opet [Rsiasiy
doissivdl [2UsM (a) <l qaril aed se eald 8],

2.4 4" $A- : AU A 82Ul (Post Fertilization :
_ Structures and Events)
|

Bladl $etel i G 2 gt [AsR aduell, Yoddial 2188 & 2185 ol 2t
oflonad (245120 s0ML JUidR WA B, L sz AHRS Td UH s B2 58 O,



Ayl a2 [Rallue--

2.4.1 (yggul‘m (Endosperm)

gL (s, epaifasian 2o a8, w e ? walis
Rl SN (PEC) dlzalr (e will Bisly gpandiy Gl
Fuie 53 0. 241 Yallel siv AR viisdl aYe €ld O 21
(sl BLatel HiMRL Y Wil Gualotil Aaiyi 2419 6. gl
[astarl Al A USAHL, PEN dliciz sindedla [@eues
Wl LA vl SuEedl A% B, ey (s 21 v
Y5t SISl opaily 58 8. IR olle Sgldle Faie au 8
21 Ry SNl ot 68, S1M14 AR AU Ul HRAVA H5d SISl
FralaL wilal €l 8. uRdnui4 well (uRdon wel)d ¢d
URRLA 691, % olly 59 % el Ui o Wsd SIEld RN 8
(% $AMR S1Emld otried 8) e dsll $d 2de AFe AR § Wl
(kernel)i 1414 gpRryly €,

[RsRid @Rl giaL ol Risi yd spariy dyel 1d auus
o (L., d2i8ll, Hasoll, ale) 2adl d uRusa ollgul Qe
8 (el.d., [Badl, AWRAR) v 6l gt e Gualoril Ay
8. [2da, qewsu, aid, Hosal qold«l ol v e254i gl
Y512] il NG 5 Yira—8G, Alvil il 4514 ALY [AReow
&3 nls?
2.4.2 38 (Embryo)
Ll [Asi 285095 s dal (25l yourarHil wa &, Hie
L3 2iLagds el GRriiN e [FlRL U U QLR olle YUY+
(et e 69, (st GpaL Winel Y3 wisall e AL L5 v sert
69, oflorul [AfQtdlL il Mo 9. 9di, viseoll 2 [Bevll eidui
ailasiul W [R5 a1l (BR1% 7 - embryogeny ) i
Sl D (20502 2.13). Reoll gril oparorminll vazi euld 8.
49U YAHQ (pro-embryo)Hi (53 © 214 d s4L: MNOUSIR,
GEULSIR 2l Yod G (A5 WH 6.

dla@s (eoll g (Q&Lés[?-l 2.14 a), %"s’l"-lil (embryonal
axis) 11 6l 6{lrusll (cotyledons) 414 €. 6{lxusil Gua-il
QR4 (A2d12 BuAR (epicotyl) ¥ GRuA & vuleesy
(plumule) 24 U513 (stemtip)Hl WRERIH O, 6{lousil {13l
AR (AR 21804 (hypocotyl) £ % AL 83 QRA¥N &
2UEHN (radicle) Al HAA (root tip)Hi URHH 8. Yu-il
2+l ao Y2l 2uald €lu 8.

seoil-ll og2L (2g(d 2.14 b) st 218 % ofloguat Hud 8.
Al sl 2dd ollutd ay(Ast (scutellum) s€ 8; ¥
a1 +{l 215 o119 (wrsd o) dllsdia €lu B, gparz) art AL
B3 RN YA B A HOR2IU A5 AG[RA pa el 21aRd

I
“ o{lorusil

YA

R

a2y
(@)

YR
waely

YRAHNAE

(b)

w5(d 2.14 : (2) clalis Reolly gt
(b) &AL Bl L.S.



aq st

€U B ¥l RAHNAE (coleorrhiza) 5& 8. griul-l azsi-u FisRell Gur-il
@191 GURALL 8. BURIE URASIA A S2els el Ueld (leaf primordia) HRIA €9 % Ulell

-

gl %l il (foliar)dl 2114ARA €lu & ¥+ GRUAWA (coleoptile) 58 .
seals olly (4G, 451, a2, 48w, 4asal)d 2l ua el yeal, yedl
ofloyd il ofly 214 g (a4 cucl Hadls 52l.

2.4.3 6l (Seed)

29 oflort i oflog 24 [Gallmaetedl 2ila {lu 8. dn aell iz slid 2185 a3
sl 219 8, ofles sunefl 2ie Ml wA S, oflos dralis Aa oflenazel/sllenqrel,
oflguafollonusil 21 gpail 4ud 6. opai-l oflwatl (sl 2.15 a) A0 A
q19 6. A, el o 2 vl AAS s8] (Reofl gal) g 21 sdd
gl 8. yvd olly qeey (U4 492 (non-albuminous)-il  Hudl
20y [A 45 (ex-albuminous) 3 AWM €11 8. 2ol oflorii 2214 spdiy
€l w1l 51281 3, A geil (s e A Ayl auas a8 (sLd., q2iew, Hoisoll).
YRGS 3 o] oflos gpariinedl eudt acdl AV s1281 % o opete [@si
gAML Ayel qus wdl el (sld., 86, 1sis, %q, Radl). sa13s seais ol
1% 5101 HIL i o{l2H] UBS~L S2dls GURL QURAUL Q1R+ [RREd 493 e 6.
wilal 21l BrReoq ugen ollregAM (perisperm) s¢ 8.

BL451ARRIL ¢ Avid Rl URL oflonael 8 (sl 2.15 a). »i8skg
ofloril 35 ALl (895 2030 oflogarRinl 28 8. d ollaigR Mt U EuYA v
Yell-il MLl M2 sl 530 2UN 8. 6fl Yoo 6l vied Al e wiell uHeL
42 8 2 6l Ay Yos [drll Ul (mass)il 10-15 % al%] ot 8. opei-{l aurd
uuafs Busd ddl W 8. oe s dessiil udd 8. 2+ Yuddl
(dormancy) 5€ € adl A5 YRRARL (Wdl A%, O, el ALL50 dluHL-L)
U Ul d 2igRd wd 8.

B85 ollwl v olonadg SO FUIAR WA B A § viss ofloil i
oflnae sl (s aal Baua-ue a6, oflaad-l glad sa-l laau
(A5t WA €9, % $AIAREL (pericarp) 58 €. 501 HIUA FHS 15U, U2l 53]
QIR AL L5 B35 1Sl 24 ASHL 11 el IR 8. 8Ll soll ofle [Al3e-
Balal i sodal €y 8. sad aoilsel w1 duqu QG Bulafaia
e 5A % A UG HiRelMi crell aal ol ¥ ol onadHl 2issdl Ayl 2
sl ofl el dvalL 214 516 Hol4 ¢9 7

Hizl eudtl arulaAHl, AHA dl ofloaauHiedl suxdl Qs ad 9 R
olsleL Yol euoll [@aed wl Wl ud 6. uig, seels wlail 3l & us9,
UG, 51 SIRUL Y1 WL 5l (ARl s1ol 20l B, wual suld 250
(false fruit) 5& & (15[ 2.15b). et cuoi-l sull Huat oflnaumiadl % s wi



Ayl asiufai [Ralluo--

oflos(fo

oflonaeL ECICRL)
%YL

AU~ ey
afai- gll

seuAA
el ayfAst LUl
wHAL Sy
Ry, Ht
% Ry Ald

(@

WL

50

VSR

Hey ¢8Rl (b)

25l 2.15 : (a) 3eais oflorl 2L (b) As%~L 247 AL 52501l

£ 27l AH UASN (true fruits) 58 . {2l cuoL{l s, 50 3 sa--d
WRRUH S e9ctl ldls ALt s0f iRl e a0 A B, 2l 0l 215(&d
§0 (parthenocarpic fruits) 5& ©. 30l d- 25 Gelswl B, wusldd s
(st 21 9& vid:adliall A asiy © w1 204l 0 6llg(adlA €l .
o{lo 2 29t ofloru] AUl S2dls det U3 6. HaH Adl Hadl

AU B s el WAl Bl ¥ wel ur 2uiRd 4, sl
oflosfatal A wiell uR A WHRd B, ofle, al axciedl @B wxa w2
ay WP 2saq ewld © A M Wariug Maadnl Hee 52 8.




aq st

3[Rl Yot A2 iR 1A dleusll 2igRa aRt ol yHl ustariaye We AaY
ol cdl Yl Wil 43 ul 8. ofloyed Avid vuael (6{l2a81) Yod sl 8L 53 8. dll
[Riofluasresdl Yelar dianell, Aal w5 Ao 1D Riidl a8 13 9y 8.

ol L el sRAL Wl . wod ofle Ba(Rd ag (dehydration) 24 Yl Wird
sl AL oflogedl AAS 5 W12 w21 ol O, Fl AHA 4 sBULA WA d3 dsdl
GulaL 531 14 et BuuHL QuiH ws Hoqar Wiz dnt Gowdl s, 9 ad oflo+l el
vl (0) [l asi el ? vaan oflos{l grdl 3 Fi oll el uesl drd d 2igRq wa 2
el AAS AL 5T ws1d ?

oflogeil [Al3RR1 ugesl d S2ell AU Ded ] AZ 69 7 AL AHUHL UBL 61, HIZ YLIUL] Adl
1A 8. Sedls anlaviiul ofler sty ML Uil (Al (viability) 211 . 312l cuoL{l
oAl ofls arl Y4 @dd 28 B, 32ais ofl 100 (A1) A sl wt ay aul Yl wdd 28
6. 88l %t dlal 9l 6fl el 2\l €ld dal YRual (record) sl 8. Aefl g olly i
(lupine)i 8. e~ YUERSU (Lupinus arcticus)<L 215Rs ggil @aeL 10,000 (e
o2 ) el 3ttt wedl ofls igRa adieit 247 A8l Yl Gt 5418 Al AR Yiu ),
AF AL 2000 ¥ el vyl Deid ol YRLAL HouL B, Yaldrelld Gevtetet e(uid Yo
gRul (dead sea) A5 A%t SASAL UMl WY\ (Phoenix dactylifera) Mol »udl ¢dl.

Ayl arulanl [olluomini-i 2l aelq olte, ¢ qRw sl yedila 2uudl aywdl
Al Horeiet-aal (A2 metadl uact sl RSB, sRIYeHL 8192 sl (eggs)-il
vl sedll dld 2l A 2iss (ovule)i araryesdl vl Fedl €l 7 Ais oflauaml »iss-l
Aval Sedl lu ? us craBls wusi oflaasdl dvan Sedl €l ? is ga u yaisl v
sedl €1y 7 e oflon gl vy,

Y ad Adl anulael wd [QaiRl asl el 3 v sl ol ¥ HIE dvaHl oy gld.
2ilF s 21148 21 20041 451 412 912 21 def 835 59 g2l v Al ofly 414 8.
29 ¥ 3edls uAuadl nldvil ¥4l 3 11216151 (Orobanche) 1 321691 (Striga) 1l $AUH(
AAaL 44 €. Y ad 4 (Ficus) il 214l <ttt 61y A4 €9 7 deil 2ueel - olly+ial asd
3ed Hig ga [QAs1 WA & ? 215 ase ga 3eal e ([Buleu-a) olly ay & 79 ad 2ug oy
Getes2e1 2] asl el 7 9Hi A3 il 2u-uial @il uedl 215 Hlel B 4914 8.

2.5 w8120 i ol¢@Rldl (Apomixis and Polyembryony)

AL 6{1% A sl 2l AUz 8, e9ctl 2Rl et arirl gouedl Seells Aymdl ariulail
218 v usi-l Bl eald 8, FHi dudl sa qiR ol Bl 52 8 %4 AReAdY
212{0120l% 1 (apomixis / parthenogenesis) 5& 8. $¢r 9912 saliH(d y sy ?
1M, AU A 2 2A{ 293U 21y €9, FHL [o{lueinrl Ase sl 209 69, w134190
ol 21eis Zd A wst . well i, x4{(539 @R RAY 2 ssind Fulel iy S w1a
Seirt QR GRIHL (A5 WA 6. wg) w3 dloy i 530-] 8sll Al ol anuldxiag agryesdl
UAURAL Heeril S2als s [Qeuy wHl, ceryeul Glurll 2ud & vin sl ke 8.



Ayl a2 [Rallue--

2l QAL £25 185 BRLL oL 4 8. s ofloril 318 sdl Ay aRi-l elordl Ligaieldl
(polyembryony) dl3 »0ouu 8. 119l ¢l 512l v A4 goildl (squeeze). €35 AllUHI
[Q[A4 58 21l 211512 HAQdl 48U 4L AL HA 8. £33 ol i wuudd @il o01aR] 520, w1eixiol]
qerg weillais aaw 4 &9 7 Y duq ulasla (clones) 56l asid ?

AUBL WILs A wseum-l s2cls As Nd (hybrid variety) [@QRre d
Gousaui 2ud 8. A2 Nl Guesdl usll Gl wma 8. A Aa-ll s il A
8 %, e a¥ s ofly Gaurl 5l W3 8. A Al Aadd oflya GousauHl wd,
dl Al qaelle [QsauR as wdi, s qasll gadidi 8l 652 6l (hybrid seed )<
Gewter, Mg 8 2 adl vigdl We As oflyll Bud ayg w3 8. A 2wwar sidells
A0 3UdRA s 204, dl Adldl qael- Qsdua ad el gl vigd adii
ay ¥4l s ws (hybrid crop) 3ol A3 © A 82 ail s ofly wleardll %32 Wdl
A2l 253 oflor 2lelBis gL A0 AAAL e 51280 Qe udloluousiiug
4 2@ O, 2UR(Y Al welllFisal AHgal s HAAPI gellelig 652 ANAHL A8
WHFAL Hle U dduAl 4 @l 8.

AR

-

2ugdt oflrtuHl wau, (ol et 8. WAL, YhuR A5 A YR
HAd 89, ¥ A UFtAL B A Al b w{IU A5 L el
UL Y 52 6.

claBus wwouad Zuidl, ncls vis Rsiedd w1 dell d agellagu-da
(wrweuan) 8. Ry agoflaelu-lul aodd 8. agollagu-l a2
glatddl - 2§1[Mhdr, 231212dr, HAAAL 24 UiNsdR HUd 6.
agofloagti-ldl Hewui ollongers el 2udel €iu 9. F sl A5
(agoflongrn) gl agoelloagaild Adss (UAS) A% 6. Wdat
agollng) URLRFHL WRRIH 6.

URADRY AR ¥y els Ul (Aclet) 2% 52 8. WRPRY 6l A gl
B 6 - UL AUl AcALARRL. GUAIAREL AMRMARA e § 244
oetriF9gl HRUA €9, YADIRY Hsct AY IR 6L SN (35 Al S1Y 2 218
eteSIN) AHAdL ABL SIL (s dlilas SN 2 6 A% =ylL) YA 8.

B{5AR H8L GUAL YA B 1 LU, YRR 24 ofloany. 2ids
ol Hl 2idal €ld 8. 2ids €4 HAAG U WBUHS 1AW/
5B A Ay [B9g 2igslog AL O, el Uall ute B il
vyl [AelRd wy &, wil ollagsin xnyal 1l Yoy 51y
(archesporium cell), Hetolong, Higsin l5201 giRl Qoo wHl 214
s uetofloaguial epiyed (el w=es) Ml 83 9. yvd aRiye
7-51414 24t 8-5103wdld UL B, i[R9dlU 93 2AE g UAHAAL AL

.




aq st

6L AIAS SN 2L Vs 26N €U B, Hssdd eudl A Uagdly SNl €y 8. Wy
audl Hiel 6L fellu Siudeml HR1ddl Srva /e SN €l 8.

wonayHidl U w{EAAL uAdUAA YR AGidR sl Buid
YRA2LAAUA 5€ 8. YARLALESL A& (Yot 2 well) Aud F@s (uelail) s 9.

WA A6, A sl ¥l § UARRYG ULdUAA U 2y-e]
A U5l Gyl UAgL (U AR A2l 1Y) AL UL AR~
(24U YA AU €lU) AMA 9, AN UYL AU, UAUAA YR
YRR, iAW AU B il YLAASIAL UBL gL A WAL 3L BigsHl
UA B A 6L A=Y 6L USTHIAL 215 UGS SIL s 53 8. gt ofl
olag see wdl A B, 5181 & €35 eyl ol Adorrl seripil AU 8 — ¥ Yy~
A Busly el 2 e wReud of {lual [25ld youqey i Busly walis
iy S (uafis gl sival) uaid 9. Yool g Fule wy ©
A Walis orndy sl gy s wil 8. s Fuier 3ol e
(Asn udal as 9y 8.

Rsfid aRL Yeddl udal Ry xnaral Fdl 3 ud ol dlousi e w14
RedlslR ol wAR A 8. Yud [Beoll oRL 6 oflausll dal Gula 2 HuRAa
q1adl geiedl 41d 9. viseoll orl s % ollaunl B 8. sa- olle, oflanay g0l
e 185 oflornl uRaldd wa 9.

AR UsRl Builal sedls 29d ollrul2dl vid s30A Ml
Aal Wi V. B sa @R oflyg il wy 8. Geulaan 2w sMES
AU F AL Seals diet 8.

s2ells 2ugd ollrtulail audl oflodil s sdl AU GEL HRA 8. L dedln
GLOLRLAL 58 6.

ALY
2Ugd 6l drRulanl YUl RlAL AUH UL § Ul AR dHY Hiel 2yl [@si
Wy 6 ?
Aol 2 Helolong il a2 ole e 52 : 2L sl eARULA S0 UsR
AUy i B 7 2L ol Heilinl 2id Faler widl AL A 2l
{12 e Wel (A5 $HL 2R YAaRAd dlsdl : wRY, oflayys uall,
Ago{lonRALDs, UASL HIGSIN, 1R FYA LS.
s 2ugd okl adruldel 2iss owdll suladl e, AHMEAYsd 2usld
ERL.

HIgL By isil 25 oflngys (s w © 2ed g ?
Wel gyoeiseil 7-51y, 8-51Edld uslan %9 AMMER 2usld A uAdl.
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YWl glRL 2e-uAoLde sl W2 [Asuddl o sidugla eudl.

Rel-2olddL 9§ B 7 2a-ividtalell salaiiHl Ui uBAL ellaTia 34 e
weiafl asdl el ?

siuofl Ag1ad) (bagging) Asfs 9 8 ? anuld Aad--sisHul vi 3l d Guall & ?
Grsla wsien 9 & 7 2 sul e 3ol Ad A © 7 Bisla AL cuoL Adi SINEhlAL M
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(b) SRUAALE 2 GRYAAY
(c) 35198l At olgl ofloadel

(d) olloreedin v sAI8

UFYIA 52501 34 58 8 7 YAl 54l cwoL [ cwwoll S0l AL 52 8 7

deflseidl w1 9 8 ? 2s aduld Aads s A 3dl Ad 2 dsfFsHdl Guaia s e ?
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Hid U
(Human Reproduction)

3.1 R UYedAdA

3.2 Mgl UYtidod
3.3 yu¥n

3.4 Bgus

3.5 sdwt A AGi-2a1y-

3.6 aefyRe (ciqz)
24 Ae{lY [Q513

dd el ol 3 Hidd RPRIUYAA sl e ucamAdl 9. Hidd
uogeiefls eripinl y-insild (Uil (gametogenesis); ed %
AL Y55 2L HIELHL 2SN s SIA HIELAL YeiriHIBLAL Elve
5dl  (insemination) d&ll w2 ¥irl MEL FeirsiNlg AL (56t~
3.7 uyld - gotaua fertilisation) ¥ slRdistl FaleL dzs 13 2y 8. ¥ o6l slal
(blastocyst), (FrulRL a1 [as1, A« oieilay (uterine)-{l laret w2
ilad-o161a1un (implantation), A [A512L (gestation) 24 65+l
g-q-Uy[cl (parturition) A . di eqA 53 YUl WL 35,
2L Uoeiils derizdl dlarlio (puberty) clie ddl Al HAL B, AR 21
HelHl Ugerlls qertalAl AUl dstad Bal 2oL S, eld., Yssin
iRl g YRHIME WL e, €ld 8, uig »issing Ml w20 50
il ay suAw B 49 Y B, A, HAdHl AR A el
U etrtdArl 2euid s

3.1 +R U%rida (The Male Reproductive System)

"R Ugtrida [Fdel (pelvis) Headl U wdd 8 (2usld 3.1 (a)).
i YslisHl 2s sl wellua Aias s, iR 217 ona
oAl WA W B,



HiAd U+~

WA G2 detrl steiz Aaoll 3 FA guasia)
(scrotum) %€ & d¥l 2lddl ¢lu 9. gusisiael
st Hie 33 Wsllidle (12 drsun (-
AH Al Sl 2 — 2.5° C 1) nqaiHl
Hee 53 0. Yodul g5 Ylis 2idisiR, 2R 49l 5
A3l aiof 24 w0 291 3 A3 uLly €lu 8. Ysfidl
AU AR 43 AR ld 8. e YslUs 2uA
250 vl qud O, % Y5l vilBs2 (testicular
lobules) 5¢ & (2usld 3.1 (b)).

g5 Vil visel 21, P55 Bt scll v %
O\LQLULL‘-H {L&?lﬁllﬁ!x Al&s124 (seminiferous tubules)
qd 8. 25 YsBales st d-l viel suy U2 6
USRAL SNl HRAA B FA AR Y-S (male germ
cells) 3 »ule g&ﬁﬁl (spermatogonia) A+ 21l
5 (sertoli cells) 8 8 (s 3.2). 42 =5l
{52017 2 LSINrL [AIRL ARs Eld 20U B, 2R
A2l S S N Y ul 6. wsBaues
Al& 51 olgIRAL euoLA tidRueld Hasia (interstitial
spaces) 58 8, ¥ Ul YERARA 2t iy
PN} (interstitial cells) 2Audl RIREIP ] (Leydig cells)
948 (sl 3.2). ARoL SN il (androgens)ell
2ol Y5 Hidaidlig AsAN 2L AL 52 D,
el 2 AocRAL M AAH S WL 1R O,

AL Uit AGlUs AASAL gUAAND (rete
testis), gsculéawh (vasaefferentia), bl[‘iﬂﬂ'&l “las
(epididymis) - {Lim@'ﬂ(vas deferens)-il AH1d
awd © (gl 3.1 b). wslisl wsBeues Alasil,
GURLAGL HIREA YRS vd 6. Ysaldsiil
ysllisaiell oteR 2l 2t €35 YslUdieAl wa awdl
e WHA 2RgNEL AlSIHL A 8. HARgHRL les
Bedl Gurtdl drs ysallRl dls 2uom af § 24
Wonaasll Guz W (loops) iid 8. d-ll A8 Y5194
(seminal vesicle)~{l riles12:4l %41 A1\ (urethra)ui
wirlas a3 WA & (2ugld 3.1 (a)). 2 Al&siil
551l A1 21 5[ ool gL ogR+ dRs
cget 54 8, ol HouauHiel Geod © A Risd
6121 4121 ) HaAHI YA (urethral meatus)ell Aol
(B9% gl Gl8R v 8.

EES

EETS)

gueLsigel] oreallyad AR

w5lA3.1 () 1 Uoprirtdat ealad] +2 ot (M2 et dedla )
Be-fl vusld

Hota[e-l oAy

ysallel siud

U2
CICREDIC]

wHA3.1(b) 1 A-Ugetricotedl Ivusla (idlRs a2l
galadl 9sisl vl i)



vidAdl sl

2[R Y5l

L5l

SEICEIR]

ualdl siMl

wi5ld 3.2 : wsGeutes sl Be sauladl wusla

(s 2 AR+, UL %ol 8 (2usld 3.1 (a), (b)). o [@Rwre el oira
® ¥ Al Gediet w1 dldeleL (insemination)<ll Asoll 531 200 B, Riasel udion
941 [ (glans penis) 56 € % AL (foreskin)zll viavidl BB a4y
@l gL 2UalRd €y 9.

A2 Ug1ds AR (sl 3.1 (), (b))l 25 A8 Y1 A8 W22 A s
As GLeolgRUA ARDUAL A 2d B, 211 ARAL AL Y519 R4 (seminal
plasma) 6t-uld 8 3 % §52103, 5(EUH At Jeclls GRS AR €1d B, ereollyud
ARAAL A1 [l GlyHl uBL Hee 52 9.

3.2 HIEL U¥Hrdal (The Female Reproductive System)

el Metrdol [Mdol usaml 20dd & % s g M 2 Al wd s
A8 widalRA2, aciad, da, DAL 24 ous ¥A[=d (external
genitalia) 419 © (2usld 3.3 (a)). dot-il 21 owol-l WA s %8 WAV
WAlcHs 2 Buidts Ad Asondd 9. L dHIH 2sNULd (ovulation), -,
eI, %, A oloRiciadl UBAA Hee3w Ay ©.

LU Mgl (2A8510) 24 Bl RRASS vid:Adl (s vida1al)
Beurt sl e el Al 200 B, M Gesll AL audl €35 Uy 2As-
25 dlsadd 8 (dusld 3.3 (b)). 25 2isUs 2uaR 24 4 AL ais] 2 [Fdo-l
glaie (pelvic wall) A% dleilad (uterus) A8 2RB6IY (ligaments) gL AUSHL
(AA4) €lu 8. e85 MU waon 22U 1AW g1 2waARd €lu 8 F
MUY MRS (stroma)d 2UAR 9. UHRS 6 [ERdRHL [Acuwd 2y & ¢
wRaadl sues 2 viead uows.
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o sl

(YL Frdot 51R2 2diqt) RIE

W11

SEIEEN)
SRR
FASRCEIES

SIS

- HUlglr

25(d 3.3 (a) : Utedal saladl Hiel Rdel (pelvis)-it Be-dl 3uusla

vl (oviducts) 3 oailau-l oll (fallopian tubes), dlaliad 24
Aol Hofl Hel Aes ARSI od 9. sl uRy [Qrarel awilay
Al dondia 835 sl (oeaad «oll) 2wl 10-12 A4 adisll €y &
(usld 3.3 (b)), da-t Mgl ws wWe del 2usu cuad gl
(R (infundibulum) $& 6. iR+l FRaudl Bl 2ol Far uakl
g4 © 3 (33l (fimbriae) 58 ©, ¥ ud 6Ue Hsd adl 5N AsBid
sl Hee 53 8. sl (R, dléist (ampulla)l 2hvidl visal--
UGl ML ds BRLS oY 9. iRl 2ilan oo, SAHA (isthmus) AisS

WAlsl A4 8 A d oeiad AL AN B,

sleil Al GuR ewol

suaiay Al

SuHy

st sl
RIS

Ala
Alenet&st

el

215 3.3 (b) : Wel-Uetetdat saladl Be-ll 3vusi




e

SEIEEIR]

dlalla s o €ld B A Al §u (womb) UL 5& 8. deilal 21512 Gl AR
(pear) %l €14 8. d [Mdoidl €lene W AHAA 20RAGH gl 2UHR WHE €Y 8,
aatia, AFHRHE Alsd allar g wé B, aflardl oeiq Alawrvll (cervical canal)
58 8 (25l 3.3 (b)), % WFHHGL WA A4S =349l (birth canal) 6i-ud 8. sieilay-l
gl Ualll 8L 2 B V. olel Wyl 22 WRAZUH (perimetrium), i+
A (AN) YA NG 2R HANABZUH (myometrium) 247 vig-il ARY R
- AlZuH (endometrium) 58 B % A10{la1 Asie HReAR GUA D, A JAFUN BUS
e[RUlr 1Y F51R3:1 AR Ay B, w1 WALA[ZUN ols-L MAd el HRoid
Asluq sald V.

WEL olel il Wi WA (mons pubis), {vd MU (labia ma-
jora), IR G121 (labia minora), ARz (hymen) A, @212 (clitoris) (?:{Lgl?l
3.3 ()l ud Ay 8, Hird o v de Uell-l oindl ca gl 2uald s s
Ao Yuadl SUEL el AL €9, Hvu ety Uall-{l Hiud ol & ¥ iy el 12
A condel 2 dUFEHEAL Heir Adl 2L 9. dlleL el A 3y el {2
A s A Uiy adlail ©. WML et 3is sal gL asll AR viad: 2ald
€l 89, ¥ dlFuzd (hymen) 58 8. aolRiadlsL il 2ia10ll Fell 2L B ¥ Harmislsl
Woirfl GuR 6l o8l elverL GlURL Rl AU 2udd 8. dilFued asll dr uuy Hym
(coitus) 3 A (intercourse) MUt $18l My ©. 913, d 2A1s ysael x1aql
2125 erarqudll, 4l 2l (vaginal tempon — Bgds gAR1 dlAHIIAL BHUSA
alyal e g5l k) e1vd sl auid, 3edls 2¥4dl ¥4l 5 alsuaR], wdsa-yal
qoldul A3y euor dardll uer g2l a3 8. secdls #AluilH dllFved Ay oue yo yadLs
28 8. dllueard] 193] waal ey A (virginity) 28U ANdld A1qwq
(sexual experience) UilAs, AU YAS il 2ag 4l

He

vl
AtegUsiil
(a5t
il
R wimell

us2lel
HoR ey,

2iylA 3.4: A-wIR calaal dedl Jvusl



Hid MY

Baiglle 2R () 24 ot o Hiel Bl QEBisdl 9. i@l
ARHY Ul 2 [P, ML AR06{ (fat) 41l AHL 2UAE %L 9. UAS -]
AU Usll 15-20 vl ad01qell © 3 % s[Usiell 20oreidl S AHEl BRI
6 (gl 3.4). slsieiL s gl Aag g4, 5 % sAstL Wenst (Spet)Hi Aas Wi
8. sMusL dafusiainl wd 6. eds vigdl Alasial aloll wul
U@l oirid &, aell R0 ol Holl uéloll st o-id & ¥
goua(R+l (lactiferous duct) A& UG 6, ¥~ gl g4 WA AR (50 B,

3.3 ¥Y%¥-1 (Gametogenesis)

Yoy Wetrt 2ol AR L [ULL 2L Mgl ML F=yeied ddls Hiavudl uEa
GlRL - AeLAslNl Bt 53 6, ded 5 wsU YssINL A 2SN
Geurt 53 8, YsllisHi AURUSA 12 Sl (2UR Ys5l) 2 Y5
(spermatogenesis) g2l Y5518 B~ 52 6. d dld-UR (puberty)ell A3 Ad
®. 2ulRYsEN [FsaA-2URYSSAN (spermatogonium)] YsBeues Alaszil
(seminiferous tubules)-{l €laia-l »ig2 %al 1o &. % wHy{leus - (mitotic
division) gl2L 918l WH i vl Al 8. 25 2URYsSN (2514 SlU B 2in 46
Q'ORQL\[ g9 8. wals ‘-yi ﬂ&&\ﬁl (primary spermatocytes) s€dldl 52cls
R LS AHUIAR w52 WA B, walbis yd Y5 uaH wEpleny- yel
530 QL uelL (A1), AsAla Sl el 52 9 A Rdlus yd ys4iml (sec-
ondary spermatocytes) 58 £, % €35 §5d 23 IRl 4AA 8. [dlu ‘-Lcrl L5l
(Belly 2ntpllonri udall AR AH As5l4 UYsANL
(spermatids) Gt 5269 (2U8(Q 3.5). ugs AN o141l
dval ded] gly & 7 uyssi, usSNL [spermatozoal l
sperms)|Hl 3WldRA iy 8. w1 UBUA ssAdR
(spermiogenesis) 5& 8. Us5UIdQ olle, Yssue AL
A2l sl vidRald wy © A 2d Ybauwes
AlsAHE] Hod 9. 2L UBAA Y5 Yo AUl
G (spermiation) PRE)

sl A3d Aladiiedl GH2 oM
AUaGRL vid:Ad (GnRH)L AlaHl UL auRl aail
YU B, dH Ale 53U, o SUUAARS vidRAl 8. GnRH~UL

~

s

| UYSSN

Rellus yd yssin
walis yd s

waidl sin

2R At AMZAZ MR 2R 53 AR A oNAJANA  2ulA35:  [Rrgd R ysbeutes Alasisl
vidudl : @-usBiol vid:ua (LH) 2 siltise Ryl 8¢ suladl gl

sl (FSH)L Ald A% ©. LH AR SNl GuR 511 53 & 2 Aeflog=eil
AsQURL i, Aldd G 8. i, PssuFnidl uBud Gd¥ 8. FSH,
A2l Sl GUR 518 53 B 2 Pssiaiararl WBAHL Hee sl Fedls 1500
Alasd Gy .

el w55l 22wl d o, sllan, Hen et 2 Yl oind
yaeallu U B (3Us[A 3.6). Ru2E Ys5MAL UUA el U B, Y5 Al

[EE——————————
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LUsIA
szl s
H1dq SlNss
Alla

Hey GLo|
— SRUeRA

(e Hi+fl alsasdl Adld)

EIRY

SEIEEIR]

[Rqd 2Assld Sudms 4Ad B, drll 24 B8 2L ¥l 2
Y51 (acrosome)dl HAAG Sl V. Ys1A s sl
S2AUML Hee 5l GlAsel oled Sl 8. HL ML AW
SRUGRIAL HRLA 89, o Udl-l sadAd Hi2 s Gou 52 8
dal seet e 33 wssiuedl Al el agsadr y wd
6. Ny eARAL YW adiol 200 ol 300 (aldu- wee
LsSIAL AL (wietet) 52 6. il AU Uy A-8HdL HIe

ugedl

———

15(d 3.6 : wssin-l -

LML HESL 60 Yo U SIML AL HUSIR e S+ Elall AT
el el el 40 % Yssl Alsaauoll sauad aladl
glal A,

LsBcues rleisiaAinial Had adt Y5 At ARSI
gl dert WA 8. Yssil-l wRusadl 2 oufdslladl He
viBguafesy, s, gsiad 2in wizeesifsdl Ad vuaeis
€. U514 R (seminal plasma), Yssl wd Hol A
(semen) 6t-lld €9, A UGS Wl Aol 2 ARAAL

sl (Rt wsfidla didaedl (el gl a8,

RusA Higl sl Faiel uBFum 2i38N%H (oogenesis)
56 0, ¥ ueud Lssu-nel gel Wl 8. Hssiuyeiq dAcifasin eHulq A3
au B 3, w1l e3s olefly wisfigmidl dvil % WgSMl (oogonia — 2ul2
yd vi35m) Falel wil 8. o oue atill Uk yd 2l Fule widl
Aefl 24 GAAAL vl Al 21 SN [Reusr wHdd 43 52 8 2 sl
yalaRal-THi M4 53 8 A Eaudl I8l UL iRl 4B (2l) 28
& ¥4 wafs yd 35N (primary oocytes) 5& 9. 35 WAl yd 28y
AR olle ARY Sl R gl Ad 8 A dd wals yEs (primary
follicle) 5€ & (sl 3.7). 3l Avai 20 YRS =2l Alariiot Haral
el [Que Wi 9, wuell o dlasudemi 35 ML 554 60,000-80,000
Wy 218 ylsiil olsl € 8. wals YRl AR SN 2 A 881 Rl
(theca-0aRR)] 2R ad 8 34 [Bdlus YRl s 8.

Bellus 4Rl dd o gdlas uRsiml 3214 8 3 % 2=z (antrum)
séalldl Mgl e ol 1A S %F d{l claBLsdl 6. ¢ e R vid: AR
21 L1 2R GUEL HLARBHL AU . 2] A UL A 21 © 5 ¢ dlus
lestuinl Walis yd 2issin seii (e 520 wint g uaH 245 (2idlenst)
[Louor=t yal 53 6. 21 315 1AL Qo0 B il RBIH A3 Hiel se+i A s5ld
(Bellaus yd 35N 2 ALt se ialis gasu Falewd 8 (2usla 3.8 (b)).
(cllus yd 2is8in, Walis yd A5l Wins desiAoR SNl 2l sl
AW, ad s413 At A et dgeial [l usl ol 79, uam neRplaucsel



HiAd U+

Bt Ul HAH Yastd A0 [Qeue WL 8 & Adrtd
WHED 7 AL A6Ls3 AL AL ollotd 22 8l gdlus ylRst
LA Yod ‘j_,,[é&l wyal AlZuq 'i[é&l. (graafian
follicle)i 324 & (215lc13.7). Rllas yd 2igsin a-ll
52 el 2R+l 22 52 B A AU WYL (zone
pellucida) 5& 8. ¢a fFuL st qeauell 21s[Usaial]
(Bellu yd 28500 st i 8. 20 UBULA i8ud (ovu-
lation) 5 8.  d¥ YSANY 11 Y] SNy 1t 42~
v dsida Al 251 €90 74558 At 21 2SSt
uil3a ud <14 2ude ¢ (2usld 3.8).
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25A 3.8 @ dlor-usly id (a) Ls5uY-iet (b) 2Assiuid

3.4 BdA5 (Menstrual Cycle)

Hiel WA (BELERL ¢ alriRl, R A HIAA)HL Al AL USAAAS B85
5& 9. uad wqAd (AWl 2z da-izami wd © FA Al
(menarche) $& 8. Hras{l Wweril (A1) Bua wRA 28-29 [Raril-L
AAA Yl A4 B 247 HaUH B (menstruation)ell ol Buid a2l

AslU Herlld ByAS 5€ V. €35 wAs{l WAL A5 25N (ovum) Hsd AU B
(2isuic-ovulation). sl You vl 2sld 3.940 saldd 9. A+l A3wd
B o519l (menstrual phase) iy €, d AHA Bl ALY € e F 3-5 [Rail

Yl 24 8. wqa 3 oLelaard vid:dR (endometrial) 24 d-{l YERARAL
ceatsl uReuA [Falel wiid uatdl 8 3 ¥ dlHHol HRsd oleIR Hid 8. dild
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lclAlednAl AR
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ER{DRIDY
CERTE

BRI DKL)

olelo]l Herlpl Al 2R

SEIEEIR]

[astualla ylest Yud Y251

salle s Radd s
SHEEK] K]

B oo

8L

3 5 7 9 11 13 15 17 19 21 23 25 27 29/1

B (2 5la deisst YRud dossl  Aal A<l A3wd
UABF L dotssl (el clots4l)
(Proliferative phase) (Secretory phase)

2u5ld 3.9 : as el [N el ealadl vl

U2 % Al HAL B, U1 245N 5[t €lell e, MALa-dl 2eud dieiail yus Fasd
8. %%, A beais w-u A caldal selA efld wa a4 a3 & Fa ¥ doud, vl
QIR BAld doisst olie YA dusst (follicular phase) 2id 6. 4L dotsst M
il walks yRai gls wall Aysl [@sRid wBud yRemi A 8 2
iR AU Hdd AR (proliferation) gl Y WA B, Mg A
olafadel 21 325130 22l A R vidudll WUl adl 33512 gl B
8 (sl 3.9). WA (LH 21 FSH)AL u1a YE5lA desst e sua: all
& i o WESIA (st dny [AsRid yRstpil il Sl Al G 8. sl Hean
(2022 1431 Rad) LH 24l FSH 6l 624 2dR M 52 6. LHAL 234Ul Al d-l A5+l
Hoq (a2Hl) MY eRAA HeaH R Yl el o 8, ¥ LH wstsl 58 8 %
WBUA YR s decurdl B B3 8 A Al 5128 215N st Ad B (vigsua).
25Ul (YUl deissi-ovulatory phase) olle Al (@4eud-luteal) dotssl »ud 8,
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% sfMair ABUA YR st sl auol SN QRuMME 32U 8 (252 3.9).
S0 R Hl2L el WIHRRRAAAL AL 53 8 F Al vid - waas]
W2 2UAs B, OLelAd AR s[Ad HISNAL A 2 AWHRAA 21y
el W2 %33 8. dAeituel eAfiuie swgasl ol o aevll el wmu &
2 L Al el. st (fertilisation)t aci-{l RAMHL, S0 @yfeun Rauld
AA B, A S8 dAGAA AR (AIAZUH) [QEed WL © A BdAld
w8, ¥ Adl Asl Rauddl 8. qidaul sgas 50 il G-l 2w oit
ay © % WAL (menopause) 5€ £, U514 Ml AMLY WFrirt HdRLx]

YAS O 2 WAedt A Aol a2 douda 9.
3.5 A VA AM-AMA (Fertilisation And Implantation)

Aasie [ 4y (copulation / coitus) e0Hair (e g1y dldA Aol siaqal
(3sc) i 20a 8. AR Y55 B A B 247 Al g1 AUl UAD B 2A
vid sl San 2 sl AderaA (Bus-dux ) weld 8
(gl 3.11 (b)). 2A3Ms gl s Adl 218818 W GBSla-SaH AR
dgrt WA 8 & ol s Al 8. $Ur $5d
QU % AR B, B SN VA Y55
s GErfla-Sana ARrAn et
WH. 1L % 51201 6L % AaeAn Bl e
2 olottRRML wRRMAL .

LHSINAL 25 AL AL L8
(fusion)ll UBUIA $4- (fertilisation)
58 8. el eAHAULL Y55 LS5 -l
Qegliie Auddi 20d 8 (2usl 3.10)
2 YRHHL $R$IRUL IR O ¥ 24w Y551l
udaA wesid 8, »udl, d YA iy 9
3 55 28 o YsSIN, WS HSMA 5(Ad 52
€. UsIATL AL Y55 A5 ST
Al YRSl 2 Sl WIS MdY
sAAUMHL Hee 52 9. % [Rdlus yd 2igsins
sl yeldid 313 8. Rl 2¢lsa
wL R €1 8, wReud [gdla gasi
(secondary polar body) ¥4 is5ld 150 (ootid)d (alel wa O,
dRel o UsSN A5 S A 2i5N AAs5U S A4S R4 ${Adis
(zygote) oirlld ©. slAdisHl sedl 2auyall sd 7

\/

(\

HlRAs wws9dl

HIRLS Al eFuULA AsLS 2
@9cl{l mmasl sl asil
1+l 8. A1) Uil =
Fafid Ad e 530 a9
el 843 oiide U8 2 A3
Al Gualal 54l ¥3RUId
UM UAS 4-5 sells uedl A?)
AUl 3 83 oi-lAd Ugel sledal.
quRIALEL A2 AUl Fsie
4oy {d sLdl dlaioll s2dl.
aualddl dusldd  veal
Ml ¥ el a2l
Wyl Fsia sl AR,
AUl Gualol sul uesl el
SIERIRICTR

YR[R2AIS a5l (Perivitelline space)
(WRisudly vasial)

25l 3.10 ; o1y Yssiul gl ARAE B85
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WL A5 AlE A ¥330 O &, cltnse{l wlcl 2L dstssiml s8] w6, Aledl A2
Sell At 7 A el 9L 5 AL (Humtadl Hiel)ui 1ol el (3(Ro1d ugli) XX 2
d % Ad AR (R XY €l 8. el el gL Gl Al oL % Hssld Feisill
(2ig5001) X (@0l 221401 HA 8, 2R AR AeirSNL (Ls51H)HL &l PR X3 Y
919 8, U1, 50 % L5 X-2RYoLL HAUA 8, IR 6lLSleAL 50 % Y HRAA B, AR vie
HigLAL et SINIAL AR ol $[AdLS XX 5 XY oL 1A 8. Fll 2R X5 Y
VYL HRLAAL Y5 5 F 25 54 538 Al BUR B, 5[&dis XX 211l H1d
6 o el [Rugg [sA 8 s XY 2R YL 5T 4R Rl [AsA 8 (ad us
5l RoRE{Y el A Ae1A 53201). dedl Hie stilwts e[ A s84 A1 €9 3, ol s+l
aldd (e [l g2t w4 O 408 3 Hial g1t !

s[Adis 2 vigclfR{l-l SAMAU gl AN d§ UAR Acdl €l B AR Al
A4 (mitotic division) A3 w4 8, % [Avid (cleavage) 58 & (2usla 3.11)
»q 2,4, 8, 16 fvllﬂlgl"ﬁ'j; Pl 52 8 ¥4 asisndl s (blastomeres) $& €.
8-16 oLol51nl s1lysdt o8t H{iRel (morula) 5€ B (2usla 3.11 (e)). el Add
[Reuost wHd 8 B 27 dAGlad dRs FH-F1 P10 Al B dx A A5 siadll
(blastocyst)Hi 3UidRd A © (2usld 3.1 (g)). oL0Lsies s1aofl-l olgIR-L R™L
sllscudal AaLsnEl Sl WMsSNL (trophoblasts) s&cud © 244 Wlns SN 8

aaising sl
AN

) (orelsivs siael)
(8

25 3.11 2 2isle-l giL 2isslue dent, seet 2im gl Wl dLelHL 3wl



Hid UM%

ANAA vigrll SIIAL ARG Vid:SIN A sEUd . AR 6lLe WHSSIN R AMTAUAL
iR AL AU D A SN A AL A [RARA WA . %R sug, dAeiad
SNl (uterine cells) 33Ul (AUt WA & 217 26i51% SlavllA 83 €. uReuH €34 216i5is

-

Aadll il xiddHi @AM 24 S (2R 3,11 (h)) FL AR 58 B 214

T T Y

d A aLetReL (dlelaral) dre €iRl . 0.

3.6 AGLHILL (OLG{rlCR-?-lL) R oella Qs (Pregnancy and
Embryonic Development)

AGRAYA 6L, WSS (trophoblast) GuR 2Aidoll Fdl Uat 2uud & F HAYY 5
(chorionic villi) 58 8. % seiiau{l Aellvil 247 it IBR g1 AU B, BAYY igR
2 aeitay Uall Asollon WA AU A1 A5 T GRL A Wl AR 422 [~AAUHS
dal Buicts 2si o-id 8 ¥ %Y (placenta) 5¢ 8 (sl 3.12).

%Y, GBI 2UEUY L 2L WS ©esil Yasl YL U 6 dal 88l gkl Gaulled
S160L SSRGS 2 BROL [ AstHL ueteledl (Fusie WL 53 6. o1y, oLl A8 dlei-ian
(umbilical cord) glRL AsUAA B F il 2ie Al LI UBlEl-AL derHl Hee 53 B,
oy il Wl 3 usL ad B 2 2R vidatdl Bt 530 Fa S gurt SRS
MANBA (hCG), gurt QA-24 A3 (WPL), SAYA, WFRA%FA 1R,
sl vid cloLMl, LS gt RAGBUA sdaudl 2id:aia-dl el did ey 9. 2 dig
Avtd, %33 B 3 hCG, hPL A RALSRUA 0|24l $54 dloilazal e(Hau o Gt iy
8. atunl, deiaal elHa Hidiei YRRUE

Ay vl FAl 3 SRAAA, UFRA% Y, BRALY HGU

AR, WAG, wuAFUA 493+ 2R

agl adl 21 9. L vidAdlAl Galel

atRl aleldl gladl 2waR Hi2, Hididi R

2 uARS 32812 27 dleladdl sl Al

HIS 2lAS 9. Ak
AGRANA 6lle dd % A5 A

(381-embryo) 2L GUELIAGIRAR (ectoderm)l

2L HSIRAL ML A W ARHAR

(endoderm) &l HNMIAL el UL

[AGLE~ UL D, GUELIGRAR A Ydl01d 2]

122 HEY AGRAR (mesoderm) dc % BuId

£, AL 28 AR Yotil ol Yalladl (2iol)u

[Frietn Aot 200 8, 21l A Gedw s34 %33

8 3, ic:sln Ay, 24 SN a3 Aot Szals sl 41 9 F ol o Ualladl 2

gl a8t
o3¢l slavl

SICN T

2ugla 3.12 : aelaul 2udd Hida-g@ _
|
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wiollel il avdl B1d 8.

acfqea- [Q1aY HE-uaini aellasiud you caafsaivl § & 7 u-pami
ollaal 9 WRL A B, o ad el i, sd2L, sdl, Bad@iyi aciaz 3edl
Wl el 21d & 7 AHL WUl s WU olotlara sue, Rl eed [Falel Wi
8. gl wMdl d1ei-{l uan M-, 261U (stethoscope) glRL &=l A% L2l
Aoonadl o 9. dlelaiusnl oflot Rl 2id delHi Guisll 2 Al [Esa
6. 12 eURuinl i (Maun A2l H&+AL), Hiel ool vy, Hoidall ML Wi 8,
BelseL a3, Guidll 2 ouel eistiol Wil Ad [Asda €u B, o6l uuy ganAds
i HLAL GYR Lol WML HEHL e ol HAL 8. 24 deailRul sue (oo~
W), a2 yat Al 8 B, ividl WuAL 0L WY O A Yiuglle
Frdlel i 8. oeiaaidl a4 MRAL oug, 26l Ayel RsRid ol 8§ 24 uyl
(Mua-delivery) HI2 AR €l 8.

3.7 1{?.1\[;1 YR} god (Parturition and Lactation)

Wepedl ARl ARAL AHAUGL 212 9 HRAL Sl B, F A=A+
(olal®sin-gestation period) 5& €. dloilaai-l 2id dmiguul wlEdwel
(vigorous) A51x NAU B F 51281 2161 6ie12 [F51¢ (expulsion) / U A1y B,
aeiefl matarl 2 Ba (sunz=n ) uyld s& 8. ¥a Adivid:udl (neuroendocrine)
Uglal glRL U HR1A 9. UM AL Al AYel [AsRid 216t 247 Ml Geut
1 D 3 % eyl sadl A5AAA B3 © A a8t [Asiaddl waalda (B (foetal
ejection reflex) 58 €. L UBUL -l Re2el Al iRl a4
D3 8. IFUARA 210U 21y, GUR 1 53D A ¥ 5128 vlailasd AlEauoll
ASIAA wd B, Feil ol o IEAARAAL af ALa GaF 8. vy AsiuA 2
2SR e 424 yRialdd Bal Add 2aais WRRUA ay 247 ay alsasusl
ASAAA Gy B, 2L ASIAA clns uAd WL gl AiguHiel el M ds
1l 4 B - UYL oA GUE el %, FY YR dleilannidl tigiR 2d B, dd
4 @Rl ol 3 AR uyld 21 ise g ervd 52 69 7

el (2fL)+{l 2121 R4l (mammary glands) laicral e [QA€lse Wi
8 il dlellaRUAL Y dRE ¥l §IHAMA s8aldl UBUL 12 gH-Bulet U3 52 B,
DL Al FHAL G5 BULRLS AU HIALL HEE 53 8. EPHALAAL UM S2ells
Rawil elHalrrl g4-Gadlera SIARZH (colostrum) 58 8, ¥ el A[26lldl vud
9. % Adl wid ounsHl WasRsdl [@suaal wald s2aws 9. suasl 9la-l
A3l AHAAUOU EAPULA 2eiiulrl (breast-feeding) S1522 glRL GULALSL 6
B2 M2 AR 5L 2Ud B,
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AR

wepdl [Gofluore Sl Al AUANAAL B. A2 (YW) UF-trdat As A PsUdL, 12
Al As1ds ARSI 2 AU s AR dal suel g-ldl] o 8. €35 Y58 203
250 vidl 1A 8 F YU ViR 58 B A s vilsL Hsell AR cid dlAUHA
Us-Geules s HAd 8. 35 Ys-Geuies sl viedl suy Wy SN A
AACL S gl 2R Sld B, 2l YssN, WS FiRL W2 plensa
AL B, IR A2 1L, (UYL WHAL FeissiblA el Y3 wl 8. ARl SiNl, 4s-
Bawes Alasi-l sleR-l ouy 2udd B, % Al sdaldl s vid:adl Asdun
VA AL 52 8. R olEL Flmud (s 5¢ 8.

HIEL UYAd 25 A8 2R, s %S visauR+], drela, dUFHeL, sual [l
A As A AIARBL qUd B, 2i[US Hel st (Fs5N) w Feals RRRUSS
adl (2 vidadl) Gaut 52 8. 2Rl 2isulsipl s (alay
dolssiil GuAd €l . isaul{l2l, deiad 1A AL el dasius Aol 8.
ollad 2Bl R HAL O Fal 3 WRARUM, HAAEUH A A-QAFUN. MLl UEL
ot [l Hir Wi, Ao o1l dllRL Gralss, qlFued 2 @oLElad -l A9 A
8. il Mgl A1s [dlu (ole) Adly aam 8.

YUsSINirtl WRBUA Gurt Al sl ARl Agds Aollvil gl2L dg Wi 8.
AL Hiriarl sl ol allay, e ool 24 Ussdlell sida €lu 8. uWRusa el
ogetet SN (Rl WU 2186009 58 9, WAl HelHl Alddl UrAAs A5
58 8. BAs ANdld WRUsAAL (dlarRon) sle A3 Ad B, Hiuld eAHuL Ul BAsA
s o SN Yool WY B, eyl el iU ALl ML Ul 32812 BAS
el M A delaudl Asle 381 U V. Adrrd olle s SAHA 2
dlBisil iRl agd WA 8, %l Y55, s sl 52 8 w44 sladis
i 52 8. wssil X 2adl Y ool sl auR opaedl oald Rlad a8,
sl AR AU gL Qe wHl 26tz siaoll si-id 8, % dleiauHl eld
2 8§ 2 dLelRRME UREA 8. Ad HiL dLeltiReL siie, Yel [@sRid a6l uyld w2
AUl iU B, olosl %4l UBAA UY[ 58 V. ¥ SURAE, SR 2 0UEU2 A
wifre wRa Ad vidAd] uBA gL ARA €l 8. AR dlelal U
(ALt WIH £ 2 olLOsLL %= blLe 4l Al 53 8. Adl ¥~Hd 6uns glgnl AL
WAL eULA Hidll gl g8 [agiami »ud 8§ (gonrua).

ALY
vel %oul 3L
(@) MHd _ yoei eld 8. (240 | Rill)
b) Wea B, (mudl, vucimuud], 21U viguudl)
(c) Mitaul sa- 2dl WA 9. (6UEL, id:)
(d) ARy MelEAqAsi gl D, ([R4u, vssla)
() sladisa ¢y, ([25lu, 2isslu)
(0 uRuwsa Yol s s adl w0 sd 8.

(g) isuldst Hdl vid:lad 58 9,
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17.
18.
19.

20.

21.

@aldai-t
(h) 1R ¥ Hlgl sl oL 5 8,
G sat__ wiuue,
() sladisi Reuw g RAd 3 % seilaumi eufud iy 8.
(k) o0l A deliay a2l dasydR AsAA Uel sl A
58 69,

A2 Utrtcatrll AFHEAawll 2kt €RL

el uyetrtdatdl Lol 2usl €ll.

WsUe A MUY 354l 3y 6L 514l @vil,

WsGules Alsi-l AL aeldl.

LssIMein Hed g ? Yssinaein-dl Buufaf ARnaul astal.
LsSB AL [ 18 AsoudAL BicddlAl A A1l
s sLraRl A JBIA A vl 2l

w5l g anao]l 2usla €120,

LA AL Hvu 2sl sl O 7

A2 Ae1ds ARSI 2 ARAAL You s1al osudl.
BN 2@ g T ST AAAL AL U UL
wlsRisaial] R adl Bes{l AFeaadll 2uski €130,
AU YRst-l wnFmEuall 2usla €=l

(LAl s1dl orvudl :

(2) s eylun (b) A-dAZun
(c) wsn (d) wss Ul
(e) [l

aAlulel [l sl €35 viiel [ ARl 2 dd i 53

(a) AL SN Al Geut 53 9. (u [ viig)

(b) wssM A2l sl wve Aad B, (U, [ vig)

(c) aloL st 2gfgHl Holl 2ud 8. (0 [ wig)

(d) ARoL SNl Al AsAuL 53 6. (U [ viig)

(e) lesimoyeint S0 qlRuwl wd 8. (03 [ vilg)

() Bus delara eBiuin ol wa . (03 [ vilg)

(2) WFueddl g1l 3 olRe1adl 3 S0 wadl Adld AAedr R YUS
Al (03, [ viig)

BAs ved 9 7 Ul vid:dl BAsd Faud 528 7

uylc vied o 7 sul il wylad DAl Asoudy 9 ?

B0 AL {124 88l AR Yolladin %w HUudl W FAUBLER AR 219 6.

¥ Al wst oL 5 2w 33 el ?

ira wigRisuiel €2 WRA 2al 281Nl (S81) Yo i & 7 dd g ARl L 3 wud

Hidl qi- (ARYL) (Identical twins) GULALSIA %4 AL QUL 526l 5N Ao Adl

¢ 7 o ARl cuast aug (cus e Fd) Sid, dl dHIA FUeHL F512 4 7

a9 (AR 691 5 % el SR 6 Gl %Y UL S, dL dl 2isgHigl seal

250Nl Yot Ay 7
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welRs ey

(Reproductive Health)

4.1

4.2

4.3

4.4
4.5

Wyelns sqreey
A1) 2
YIS HIAIY
qzdllqesle w1 ¥-i-
BT

g15d2] ey
(ARa 2eiuld)
Ncdld dslHa Au
AUSNGUAl/A Rl

dfl USRBL 3UL HIAA-U% AL 2 Al sl veun sul. ed
Ul d-ll 0l Asuda el - weHls @ieadl qal s,
WIMEL 2L AGE Gl Y HHDY 7 L A%E 1R gHARLS ARl A
Artl A= sl 18 Asondd B, A3 o [@wo wRe 41 8 x4
AL UL GUArLets ddl AHCS WAL UL AL 21y, 8,
[ 2cRey WaLgrl (WHO) MHIBL, Mg[FS Uil AL-Uo%ririxil
ol o WAl Alkd ARl Yeusidl ed 3 wilRs, oua-dicus,
dd-lcis A AHIBS @i 9. ddl WRs 24 Buicdis dd
AMLA UgAL SO0 HAL ISl Y5 AL A [EorisAd
WAL 92 AU drrllaer w1 adgsagl wulRs Buwil
(LB ol @R € 9, AL WS WwHHs @Ry
Anad %3 B A dd gidd sl W2 56 ugladl aurd © 7
214l de dui{lat.

4.1 RS AAURU-AHRUVAL UL ASLHS VUL
(Reproductive Health - Problems and Strategies)
AU MLl MM 22 8 ¥ AFLU R 5@ WALy 2eeu Alrs

ag dld Wi sc AU 2 s1dsHIAL 32 530, 24 S1AsHA
‘430 Ml (Family Planning) $& © % 1951341 213 53, %14 A+ Hea
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Seells eldstell Yeuis uBl sl 2Ud 8. U A [0 Aol 2l sladl Uoes
el blL01RARH A0 (Reproductive and Child Health Care-RCH) 1853 si4ell WRig, 4128
stdsY AdiaciMl 2 B, il 518054 2iddld U6 Bid Wizl [ disial o)l et sl
2l W% AFLS KA ALY AHIR 5 HIZ YRR 247 MlRUEA Y3 WSl 20 9.

£94-2U1, Vel 9LUSIH & UAR-UAIR MUHL (print-media)-]l Heedll A513] i i s3]
AR ALSIHL Ut-Ri6U R Wil 2190 2019) [ cladl naet 52 9. Gudsd MRl uula
5L HLcLlUcll, i st Aol [Rasl 2im Bl war wuL oyf3ise . woniiH Adly
(Rar erve 5201 Wit g A, el gauria ARl Ml 16 214 spast sadlazieiBd
(@fan waizll (A2 sadd SRzl GUR [ 4 52 dal didl Adlaiefad widd
tReuAEl 92511 HAL. sl Ut U, BallRiaral A dsll AsiBd 351R0, YLid 21
29U ANdly AR (sexual practices), Adld A5 0L (STD), AU (AIDS) AR+l
R, [agmzuedl & dist Baliuiaral ayygadl 6 di Usueifid a8 29 ds el wd
8. dlsinl v 530 gy YoLdl (fertile couples) il FAL @t Au AL S1d AL U %~
et [Rsedl, detad] il Aeuo, Ud sie (post-natal) Hidl i 610 s+{l GO, ttUietey
HeTd, 915 247 915TA AHIA A5l IR 2190 Rl 5312l 99)d 2R WRaRl- Fley a4l
[HABIA acllglgell adl AxRail, s exell, Adld [ Fa da Adla AeiBd ot
) 30cl Alsia d 090 [AA1RAL AL il A Asal 41U WAL dal A&H 4L Fl
YALGLEIR Vi 2 ALY otllell AsA.

UegAfRLs 20U U 50l (AR S1EL AL ASAAYASL AHel581 HI2 1oty
Woresly Al euaus gaodl s -l #3R4d 8. disid adly AsiBd auui
¥l § oreiuizel, uyfd, STDs, d16iuld, AeHRA4S (contraception), BdAlaRioi B AHR~I,
ASUGUAL ABIRAL A EL5iTl ASIAAL A RU Guetet s1adl 03 B, S sida e
2 A1 Y3 wigal AMAldR A dsREL 2t Adl gl xuelse ¢330 8. audl el
BRUS AL sLetell M2 sia, [Ho1-ulaie 3ie Gea rnsilél ([Asiuelle opeill $2q »udd Gea uandl-l
DR AL IR BLR1 Al ular) Gur atiFs uldoel, us suaRlo ulaa R Sedls
Herayel st sHA Rl ARE s3] 21944 8. BearnsA1l (amniocentesis i (A5 3l
ellgs Gea Ml AL SN 2 Gl UgLaleL Y2L5 HI2 Al A 8, 211 ugli-dl Guallol k2dls
oI55 AFAFAWS Fell 5 3161 RisiH, [RHUB R, Rise At AR FAL a9 da gai-l wRddl
ASIAAL HI2 WY 9.

[alas utoiRd AL AAEAA Ultlg Al U9 8 i Ad] uglail QHal
W r/HAAl glerl HeBIML YHIRL 5L W2 UL 2l [Bresidl Al dqee 52 8.
4 ¥ gl el USdl” A il weHl yu g daidl aeilmRi4s oial 6. Fl Qs Gy
2ilNY U4t 422 (Central Drug Research Institute = CDRI) vi«il, Gii2d~tt dsilis]
glrl sl 2144 & 7 adluriolBd sueidi-l ay Wl oyl eisdl asiuell adl uyla-l
Avaidl qHRl v Uyl oltesdl AL vV gl Ml 2 Gl YAYEe™HL daLdl, Ul



ol ey

WRanzaial yaielidl a4iRl, STDs, A3 [Fetet 2 AR da ol o ndluriofd
AHRAML L5l Al AIRL W12 dRg el A 8. AL o AL WrlRs
aiRedAL YR FMEud 52 8.

4.2 xdllQs12 v o-u-[RUa (Population Explosion and
Birth Control)

wiesell LGz (Al Anlii 0ABLs (s 1l © % 8 disiqil assl dRiaix
UL YR 20l 8. % W3 adRA 08 a4dl are-aaadl adlgle Gur
[Ag121cHs 2142 53 8. 190041 g+l ardl 2 [Bul&u-t (2000 (Al&urt) el % 2000+
ALl 3yl atfl+ 6 [Bl&ae (6000 (Fuldidst ) 24 201141 7.2 Ba (7200 Fuldiast)
2t AL, L, AU AR CUAHL UL Aal O, St VUBEL AHA vl drd]l U
350 (uliaet ecll % 200041 1 Bl Ao 213, 201141 1.2 BU@A- (1200 Budas )
{16101 215 gcll. 2Ll S1RRUML Y YER, Hig YYER (maternal mortality rate-MMR)
217 U YYER (infant mortality rate-IMR)¥i d21i-{l A2 %1t AxriL LS
A1UIHL QIR ). UUEL Uil 24 61101 <2, 6oL (RCH) 154 glR1 dllg [l
e 8218l Al 251 el w3 d Aol AWHYRALS. 2011 et ardloriail e
(report)a 20813, dxcllaladl e €% uRL 2 %l 209l :2d 3 20/1000/ 4N 8. 21 83
el ardl sguell atfl 2L 69, L AtmL AUl Mol A glal £9al weL 2L Adasly s
&g viugia sl w3Ruid Fdl 3 viiLs, 2 21 sl 249d drs €Il a4 ©.
aell 24l el glae AsAaL {2 U514 vle{l watal dai-l 539 wdl dl.

L AL Al Hera] ol W B 3, [Alan deiFR1us uglaile Gualol »(91
Al WRARIA Mg UG, 812 AR HAURAUHHL GURid Wikl ([t adiHl
ASAAL A 2, FHL e Eulal 6L cuosl A1 sALAA €14 B e AL KAWL VUH 6L
AUIRL O 1A B, H2 oudlL yal, AL, s13 sl @l ewladl g elosl Hiel
U 8., @orisll AtUlLs GuR {2l W2 18 Al dal yd M2 21 avl -8l & w1 2L
A1 oAl HI2 Al YRRl Wie eulaia WU saMl 214 8. A1l 214l
Seells iy dla Gualoii Acidl ol MRiHs ugladl aeidla, % % »1n 895 oeituzeiA
AsaAlML Hee 53 6.

25 wiledl oLeUHAYS GualoL s3-Urnl (Bl @81 saua0], 0l e,
25125 A U WA AR, adl oAl el ALHAR €14 A, €l AT
2L GUA 2L GUELoL 52Ul 519291, Griogel i [ YAl ArrHL HAAUZY A €ld,
AT, 251 LLFRAS gl us 280 2RacHi 9, ¥4 Qo Sl 12
UHIRL aollsd sl 29 B Fdll 3 geadl [ neudlold, a3y, vid: dAeiay Gual
(intra uterine devices—TUDs) ¥l g1 @dl 4194 1GIFHAUSL, SeH 5261 | 413U
2 ALz Uglail.

56l ugARAl 214504 AU Y5 ANAL AHLHA g2 Avtallrll Rigic Gu 514 2D,
Ui 215 GUd AHAS AUH (periodic abstinence) £9. FHL Euld 251l 1020

(\




s

1741 [Ra aalol aHu eHul Adnirt 210g Hadl d-iedl €2 28 5 3R viduld

AU €l 2001 eAHUA ser{l ds oL aY Sl S, dnl sA AHY 56 6.

WA B AHY el YA A sl oetrrae]] ol wsiy .

OUEL ierl Al A vidAA (ndld ANM-coitus interruptus) Hs i

ugld & %l yyuuell dgy eAPud dlduanal did udal ARHi ddi

(s 1R 5181 A2 (insemination)ell ozl 9 B, gouaAR AR
(lactational amenorrhea) (:t%gtjlﬁ'-ﬂ A61%3) ugl uBL 2 o d Gur
(Re12 53 3, Ui olle dRdl o MRYR EHARL EARULA iUl A1 Al s
A3 ad el vedl Wiz Fedl [Bauil Yl Hidl s Ayel -l suadl-d
2A1¢ A, i YL dAetERL A5l @oLeioL e €14 8. A3 2L gl Uy (d ciesit
UM AL 19 (6) A YHL % AR €U B, A% Gulsd uglailui 1S
gal vdl A8 GuElaL adl Al ddll dedl 2us2uR dad, €ld 8. Al
artl [Fregen el e2 vt Gl gl 8.

AR UGl icdld 2ausi-l Heedl LN A Ys5uA olllds
e AubHL viadl AsuHl 208 B, A gl Yl 24 0{2Al oid w2
Agld 4.1: (b) 2l izl (Y Guasd B, RAY (5[ 4.1 a, b) 2 »tads B ¥ wdow wiR/Azsuell
ottty 8 %=l Guallotell yueil (st i 2l A dan allandd el
2lldls AHAU USdl aisaul 21d B, Fell Al <l 1l AL e
A ad. ¥ el sud B, R YR AL Sl Yulig
H1250 (brand) 8. Siw8iMell GUARL ©letrl AHAHL AR D %Al SIUHL d-ll
QIR SHEL 2 B 5 o Gualol s wndld A5 AN 2L Sl
ol 8. ol YW 2 1AL SR Fstaaol gl 8, dd Ad ¥ usdl
elud 53 Ay dal €l O A dell Gualoisditl aludluay ol 8 8,
vidu2d (diaphragms), Alan 21l 4 dle2A Y8l 6IR-L oiled AHaR1MS5L
8. A WAl uytHell Aoy el ol aisal emd sy B,
il dtiRed flal gL PsSAL HAAA 2iesidll A3 B, 4 y:Gudlell 8.
2L A4Sl AAAA YIRS S, FA A Sl Gualal dxHl
UMY S-HHAML AHIRL 59 QURAA 8.

ol ARS wAd URg ugll Vid: AMIAA GuAl (TUDs)-L
GudloL B, 211 A G52 3 (il A g12L AL glRL ALCIAEHL e
s 8. 2 wid olead Gud eladi Biaindly TUDs (Gelgel :
1isd-Lippes loop), SluR¥sd s TUDs (CuT, Cu7,H[e€ls375) (2l 4.2)
A 2dRAAHSA Sdl TUDs (Migewrie, LNG-20) Guast 8. TUDs
J ] sla{au-l el Y55l @&l (phagocytosis)Ml AL 53 © 2im Hsd Adl

Cu 0t Lssl afaallact (Aldddl) im0 set-aHdia 2aqd 8. U
GURId il Yo 52l TUDs, dAGA4A L6118 12 244194 oirld §

wigld 4.1 (a) wu -l M




Wiy 2ane (\ 3

et ol Yssiilel (AR oirid . TUDs 3L % {120l dteliaii [Adol 21 | x1aal
SIS A2, 1519 5 B dArll M2 20189 AGIFRIYS . 211 315 U51Re BURAML s
et 2ellgd ooiREs uglivil 8.

{lvl gl Gualoril Al HUddl L5 iy LGRS UIBRAF A
Al WFRAFA-SRUF A Al § F 2ldl Mol Al g1l danmi »ud
8. dxdleAl ANoflaAirl ZUHL GuloL A1d B 21 dell d- dlsBiu d [en
(pills) 5& 8. e, waus-il May wiA Ray euq dardl a3 sl
U & uA Add 21 B A% Al 20d 8. 7 Ray-l vid (3 24
Bl A €la) ole 53ell ol yHl il deiaa Asa §26 9, i
AL 2 o wglanl Yrrualdd sl 20d 8. 1L Aguld 2 deRAUrA
AL B, Guict Alal i Yl sewie{l el sled & 2 Yo SIMIAL HAUA
v2s1a) 3512 Glefl 52 6. (et el 2ULSAARL AL VoL USRS 8 2

2u5(d 4.3 1 2uuR

{2l g1t A3 3 2iurtiadiil 20dd 8. Addl - widl e gL Al 2uad) deiHRius
ol 8, o (LA 0se oirilcie 8. o M isclRA 15 1R’ Al £ % il 28U
it Gl olei[A8s e 4d 8.

W% A5G 2l $2L% A8 AU 53 AL g1 SBsA S Guallal
S A% A AL 1R el (A NUARA 241 204 8 (sl 4.3). axdl sidusuel
(R Fefl % € 24, el A1 AHY Bl Aliell €U B, UYL 72 sels{l 2ie UinRely-
MUl UIFRN%A=121% A A1l & TUDs~ll Gualol siutasiell aeif=1us ddls vol

T Tt

BIARSIR B 241 el GLOULCHIR UL AR YR Al A SR8 AM A deieuRee]

o{Adl H12 GUALLL S 2L 6.

igaufe-l oy

ysaule-l
ol i,
s1udl

[ ————————

gl 4.4 () YA oMl w5ld 4.4 1 (b) 0l 04
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Yldldl Hcye e
ABsL uReud 24
31w+l delutd setsal
HI2 MIRA U1 1L AR
Aol uld (e15dl a6 -
(514 — MTP — medical
termination of
pregnancy)-il IR
201741 QAR SAALE. AL
51481 AR Ol YL
Wi 2l 3edls 510U
12 216all3y L ool -l
aleluld My Siser glal
5AY 6. o et 12
sl Sl AR Y
24 wsaf3ul 2Aiesl €1 dl
ALS5AUBL 6L HIwY Si5eRxAl
vals Adl Fel [Qau-ly
o 3RAULd UHIEL A UL
s wasiy, 1A x1de
soicdl M2 AR 2eluid
suddl asy ¢
(i) Add Acitdl Ao
ateladl wfl-t @t
e 5 el Wl Rs
5HIA RS e A Al
dle{l B M2 val
(i) % ~HALR GULoL ATHULA
vl €ld d WRs
5 RS 2FRUBddL
%<l a2t 18 sieflR
[aseiotdl wA.

aa st

czsu gl dellRw (sterilisation) Wl 58 8, % A1HL-4 I un /(e
arateyReL Aseltedl 2{AM gl a3 YAAUH A D, Az s1Y gr@uell oeie SNl dgeat
st 2 61U Hestd B, AL dellsi-l UBUA YN el (vasec-
tomy) 5& € i o % A WAL AR ‘I A6l (tubectomy) 56 8. YN Aol
LAl ALl oL €2 54l 2l guRLsall (scrotum) GUR el 51U 48l et
gAML 1A 6 (gl 4.4 (2)). 2R w0l A0, 28Il Al aURL R saML 204
6 (25l 4.4 (b)) 247 GeHL HHaal AUA gL Al s14 3451 sl 204 8. 2 ugldil
uoL o A1 B U il Yt 22l well Asell 8.

1oy G4 [H185 Uglrl uRieoll U2 1R sl Hiceds & e dil GudloL Loy dsflofl
(il 2ets UHI8L 5al ASH. 2L UL ALe Avid %3 D 5, WorRs aure ] eun
W2 ool RS sl ar3Raud el eslsad, d gerdl pls ae-isy [@yg sid
5360, M2d 3 ol [ 216141281, i ugliaiirl Guulol AeTHIR I 1251 3 d= [ i
530 A2l AEOLd S120UAR LCIHIRBIHL A1 elddl 2 UMl 2Ud 8. FLRide,
L Uglallel s Gualal wREBIA drdlglgn m2siaaiml 21o1dnl el Myd 8, dx
e9etl, Hieoll-{l 22 Fell & Gorst, Geul gutlell, dAld, AMUBIA AL Al i
A 3 % w0l 1ML 3 oAl HodL el £9di vl Al el 2ariell | asi.

4.3 21543l AMuld (AR 2AULd) (Medical Termination of

Pregnancy- MTP)

QlGLHIRELA1L Yl AHA Ul BRALIYS 22 RS A16{ULd EL5AR) AU (MTP) el
AR 216TULd 58 . Aty A 21123 4590 50 Bilkust MTPs [l e2 ail s2aimi »ud
9 3 % ga siculFs et 5 U5l 1(1/5th)<{l vl i 8. UM dl, MTP ddl-
g2Lsiil 2ot oyfist Mrd 8. uig d drll 8¢ ell. MTPA 2elsi2ql | sue1sla eistiadl
A aaw 2ol M2 AL [Qud 8; 51280 3 dxl A cariiens, s, 1S 2 s
Wl ASOUAA B, MUl A1 MTPAL gUALA 21al M2 197141 Avid RialSil
AL A SUELSIA 526 8. 2 W51l HAoiH 212G 22 AR50 2001 sLetsci da
Aleclan 25l HI2 HoAUHL UL, & % ¢ UL ML Y Y 6.

MTP U e ? eu{ldl Al el 2etor AL AR B AW 2L 2301 e
GualoHi dadle AL Frsadl & soiesiA 51280 AR5 deieRa] (92513l
Aol Al A . MTP vt Bl Fel 3 Acd AGHIRRL S ¥ Hidl 3 6lLos Ul iR
HI2 U515 2™ Hlds 14 drll HIe UBL 2LAs 8.

AGIHIREAL USAL 2 H[E-AL el 2d § dweluiuidl 12 visaulRal yHlui
52U 2U4d MTP at, Y(Rd 3rid 9. ofla 2121 M-l sl vl a6t viol
Hlds 6. L Ao A5 Al Ay w5l otod A B 3 1ot Hie awot{l MTP
SRt Fd w50 (SlRAus) Aalsd W sAAAUHL 209 8 § % WL YR8 % AR
U Elcls WAL 8. A4 WAL UYL L =l stasL Ald-ulael Hie Al iR R



WAS @y

(Geazm sl )L gudldL B, ARAAR A Al HRL D 3, dA6l Hel €ld dl - MTP
sl 2d B, 21 AyEl A serdl [@Bg 8. 2 ugkviia andl ASA 518 3
Yol Hidl e dleL 6i W2 Hlds 6. RYARMA YA 20dl HZ HABRS UAHL 2Ur
SRsteedl otoluicrtl vl uRowli-l WA ay awreyRR Yl wdl Brisuiouue
adri mesidl usia 9.

4.4 °ndlu is[8d AU (Sexually Transmitted Infections - STIs)
% Ay L A0 Acdld AHPIM gIRL A5MA Al €l dn 434085 Ad iy qs(d Ay (STI)
wyal Yo AiBd 0N (venereal diseases - VD) 2ldl UAAAHIIAL AY
(reproductive tract infections-RTI) & 8. dl-lRaUL, RiZ R, %--iofla e[, sauBuifia,
oeiriiofla WL, 2SRRI, [RUaLSZR-0{ 2 aotd, ARl aniui Aell ay ARl
HIV A4 % AIDSHL UREIH 8. 241 6l 32als A1 STIs 8. -l HIV-L Ay Alell WAL
€ fl dLrt AAL UsAA Ui B

2HIAL S2els AUl Fal § [RUSu-6{l 2 HIV (3 ealsa W2 quadd $-3 sl
A, Algstusl A8l adRsll Hecioteelell waL and 8. BRAAA 2l AL Hictell - el
(Bl w2t AR 2wy B, (Bt ZlRi-ofl, =t-iBi ¢ 2 HIV A4 Rl 214 2ol A
adall (el 2 2 410y ARAR WA dl o AYRiUsL A1 8. Hi2L GuoLsil 2L 2dLHL AL
(Rreeil vioy o ol €12 8 Fal 3 wBId [BRcURHL vira, Hatlaia, A=y guitdl, A% 4913
69. 48l Q1R A5t w{12AML 240 2UAL Frerdl euital el 24 dell d aion ux Yol wlReidld 26
8. AUl A3l vael el + tuiad viaal 21l daell evildal i STIsHl AA
AU S se5+l 92, A A UHAUR et 247 BRLA GuARE A3 9. 21 A0 S cli AHRAUHI
a1l 53 8, Ful Fdei{l soduxt 20 (pelvic inflammatory diseases-PID), d16{uld, Y
ool %=, dAGLAAAl i8R 2isa@{lHi 21MHIREL (ectopic pregnancies), AFUGUAL AL
U1l 5o 2 A3 8. STIs e AHLY L2 WISl Vi1 B, dzell W2 a0+l A3t
Bl MR 242 FLele 2 ARARA M rirt ARU-{GUA 515U UEBL5dL Ui
24 8. A a5zl Al Adealld dlal e9di 15-24 il quogany alSaxial 3
QUPAHL AR YRL el 691 AL Ay dlaled Ruaiy 6. ouolld adl Hied 515 sieL el s 3
Mz a2 6. A sudar w0 Rigidinl 2 @alsd 2 Ausidl ysa as 13 &

()  toneut elli/aen Azl A wndly Qe 2l
(i) Acdly AR eHAA EHL FRIEAL GUdIdL S
(i) 51wt elstel Bruml, ealsa WRMs Fert 2 o A Fet
ol el ARWR H2 W10y dise WA %,

4.5 nsngudy/deadl (Infertility)

Uogei[Fs 2elRen-l AL AsOGUAL (dtiead )il Gedr, @R 2143 B, atRd Alkd yl gl WA
AvHl eulall x5agU . 2ed ¥, Al AR Ay ASAA 9t uBL UAs el 5L HIL




aa st

AHA €1A B, il 215 512810 €S 23 B, Fal 3 WRARS, w=Hnd AL, e, uldRaurisH]
2l HelldtlFs vl etRdMl A Ad Euldal s1as « daitl €18 {2l 2udiMl 219 ©9;
Y3t AL S+ lell AL YN weL €S ad 9, [ARre aieionn v (da
Fare RBeuad ad1R) MetdHl Hee 52 8 2 32dls 2dl 2FUBdd-l 2 wRaR 531
il EU[ARAA GULOLS Uit 500 8. UM 69l 2l viHl2AA AT 2l A5 A €1y, @l sedls [l
uglizil 3 ¥ ALIAS U ualdvil (assisted reproductive technologies-ART) d3l%
A Ad nelldl O, d-dl sl Suliil suast ud 52 9.

§ (21 sa (In vitro fertilization-TVF-2312+l 6le12 @dedl al+l 2ie2
Fell RAAHL 56) HR-RANIARR (embryo transfer-ET)A cdldl usla 8. 21 ugld ualid
A 222230 B16fl s1isH a3 elldl 8, Fui ucdl/eldl (00L)+0l 20850 21 uldfetal (Yu)-uL
s B SAUHL 21 B A HAldLUOUAL 419U (simulated) WRRAMML s(disu
Rl SRl 204 8. QR oue S-S vl WA0s g (8 Y- aeisind] SNl 4Ruadl)
SAURAIML AR sAAUH 2Ud B (SlAdlS vid: s+ 2nidR8l-zygote intra
fallopian transfer-ZIFT) 17t 8 52l at, del5%] s1Misd aRinl wuai0-l [Asi yel s
slotladHl AR 5203l 1A B (id: AMIAY QAAidR-intra uterine transfer-IUT).
% w0 alelaiell uHL €lu dul Asiddl W2 S [@QdlL (In vive) sa (o0l 1Ml
o ogetribbl, AdL)l oirtcdl GRIA WL LI W GUERIML 4 Asy .

Aal BrupHL 5 oul w2l 2185000 Gt 530 Ascll Aell, g d seet el 2010
(st 32 dlon uuiarel Y3 Widl 43 © -l W2 s 21w ugld ity 9, Fui elcaigl
250 @S U wllHl visauEAlHi iidRd (GIFT - gamete intra fallopian transfer)
52U 20 B, nPIuoUHL @Rl etrtadil s 2w [ARre ugly vid: sivrAld yssin
Raua (ICSI - intra cytoplasmic sperm injection) 0. FHl Q\_L'éé?lﬂ'l A8 2485081
eld Sl A B, dudl 3 vsngudl 2 asll Yl w{H i e sa 1am -
Sl 5128 2AaqL oAl YAl AvAL vt 2] Gl 58 Gy B, AR g A=A
(AI - artifical insemination) gl gl21 &5 531 As1d . 21 uglmi dA ulaniel »ual
202 elciizl] AsBid sl 20d 8. F 5B Aad 2l WUFABL AL deiaddl eve
Sl 29 9 (TUTAd: aeiiad NAAA - intra uterine insemination).

A3, [Asel aeu 6 uig it orf) uglani [Alre Foaudl 21 Hiad sl g1l Asusyd sl
Al %32 €l S, d2ll 2L AAAAL 1AL AR BAHL VoL % N9 SralHl Guasy 9, 2uildl
L ALl Al oL o HAURd vl SN Ul 8. 2L Uglavilal 2u-laciyi elardicns, difils
2L AU s UROLOTL wBL 25AR13Y o1l 8. L ol uglerdlg 2ilan agd Al 8. surdHl
Bris AU 2 [FRARIR sl 8, Al Bl eum Al sl 21 dl d se1d Yol Yol wlAd
L AL 5. 2AuRLL AL S1EL oisn steel A olle Al uRadll 20U 8 24 F Eula Ml
ol $2%95 © durl HieHl 24 vol 13 ugld 6.



Wiy 2ane (\

ARIA

U eiel 22 UGB (8l % WAL Fal & WRRS, dlariels, dd-icis
2, A5 2elAAL AeRL Al 2d 8. g[FAIMl 2Rl 2a uddl 2dl 2u 8
g APLA 2R GUR UA[FLS <A ALY M S0l QAL oLl

UgAFRs aiRUAL WABSs wadl ddly Ut 200, [Ballaal w1 d-
Aol 325130, AMBA A @oAyRl Adly Baidl, Adla qisBid Ay (STIs),
AIDS 9313 ¥i3L dlsl 0d wugl x4 9l Yl s2dl, eisadl Yl x4
AR Bl & Banl AFRABAdL, AeHIRRIRIGRA Wi, [, AR
AU, STIs, F~H-[restel, wsAgUAL (dBddl), UAA 6le 6UAs el Hidisdl
SULRUL B 243Ul Ul 2 GUUIRAUIRLH AMULOL S1ASHIAL WAl D,

VUYL BAHL UYtriRAlRML YU eul R\l 8; FHE Hdl 2 i
Yyl v2Ldl, ANdld AsBid Wolld add (Rt i emv, dy gyl Hee
IR AR 4 6L B, 2que=yfanpil vt ] w3l WRRA €l [Grsles
Rellglad Wit wdd 8. 20 usi-l gla A 2eMAUS Ygld-l et w1
AR ot-liedl 8. 2% [@ARA a6iFASAL [@sedl Guasd © Fal 3 gexdl,
usuldold, »a4s, TUDs, (e, sive sa1al9l (injectables), 148
(implants) A dlesiy gzl u-ls @il Aeun W2 aeiFRisH
sl 3Ruid Al il GuElol AR 21oial Adl [QEBid Sl A%l
SUGHIRRIML AHASIL Elecll SAUML 2H1d B,

glsddl AGUld UL UM selsly ©. MTP -y d wAREs

-

SAGHIREL & % oUUcsIR, YR ol ad1A 51281 €ld el 9251 Aanaal W2
(BURUL Acct AGLHIREL 3 F Hidl HAAL IAGL AHAAL 6iL HI2 ASALASRS A HLdS
AURCTERCECTCTRER TN )

o 20 Ul AU Ay UM gIRL AP AL €4 d Andly qsfid AU
(STIs) 5 8. [Adoetdl siardlsAl A2 (PIDs), Y oUAsl %=, decd 3 d-ll
seefls AL O, addl [Meir-dl Aaddl suar A Hawsal wol w3l 9.
2zl el [ aew el aL Aadla Aeitn aiaan, Ay elHae dRa
(ML GualaL 2L J2etls STIswll 22519 Hizell U0 Gl 8.

oL al YL Hsd AUl AYRARA Ageun wedl UL dLHIRRL AL WA dl dA
deyed 58 8, Al Faidi eulaii-dl 1ee e sa [Afay uglaxdl Guasd 8. 6
(421 et uedl Hiel oLl oL, 2R s 2l Ugld © A d -

Ad 2eeyot oo’ s1dsy dald nelldl 8.
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10.
11.

12.

aq st

ALY
AHIYHL WA FLE=2eUR2U AL HegTaril AeMHL diL 9 [0 L ?
AdMi AHAHL A B 2l %32 €l dal WS- AL WAL YA,
9 ol adlafa o33 8 7w we ?
9] L AHd 691 BRI BANL Bel SO QAL Ugrir-aReML YU AL D 7 o gL, dl
Sedls YR Add &l Ul
acll-{agiel YR s1280 54l S ?
SLel AL Gulal g =l (dod) B 7 518l Ul
getAlLdle g2 529 2 deiMAUs-L [sey Al a w2 ?
Ala-udlae e AbApia-2R v eaHl ulaoifd 9. g > wldeln ¥330 & 7
[Rugell 53l
deag Eulaiinl Al Squl Heesdl dedls Asias uein uglvil yadl.
1S @5 adla AsBia Aol Ause sluaal W2 sal GUEl xu-iadl ASH ?
10 [l aAijvlel axedl
(a) ueiuld @doy w4 43 8. (/i)
(b) dedid @dl 93 dd (M) cuns el sal qRe-dl AuHddl ddld cvaid
S 204 8 il dH Al Wl iR/l 51280 9. (U/viE)
(c) yel gdnan geadl oS uglami Heesdl 8. (RuALMHIE)
(d) Alsinl Ut-RaRed YHRAL 8¢ Ut-RieiBd Wil sioidml A9)ddl el
sl 2 s AABWIRS GuA B, (RUULE)
SIPETRECTEE RETRETIE
(a) MAUS] Aesiu gl F--sitiAL Falen A3 6.

(b) ot o Aacdly A5FA A0 YLl Nd 4 4F da 8.
(c) A [Ac+l {2041 1l gL Adud] e 2 vor uAldd AelHRIHS O,

(d) E.T. uglaziini, gpaid a2 aieiaui e-idRd scuui 2ud 9,




B5Y, 7

ogil-ifden »n Gglasia
(Genetics and Evolution)

UsWLS

IR CIEERTEYE]
[@t~ici-il Ragidl
UsWL6

il fBsciel 2uleay
21412

usw7

Gelasin

Aeded Al el AL S UdRLS Al suuad RBR 20wl
dx 9l ‘S50 % ¥ 2a34 UsIR (phenotype) ERL 53 & d-ll usla e <
gl 2 512850 dBsdiAl o-llRs R Y 52 O dul wudBly gl
AUAL Ay w-{ldAUSIR (genotype) -l WU USIRAL 3UldBAL ALY
IR uHgAl Wl Adler e aldsundl Bl Slwd ol 8, wufEay
asindl Ayel savi-l [s 2 dizgad, Bs, d3qewl, v, sl
(Rt 2t Yot), 6Loir, Hiddls, AR @il [AAY uedldld usu wEeux 9.
AR AAIAR NS 24 ARAL UL w2 51 1Y A Gelasel BalaR edl.
(@5 w-l@al, @A DaAlisin 2 S SHRSRL a9 Al 204
e Gelasiuel 2ulRau 2R [ el auodl quiRl sal. 2 wsnul
DNA-L 2221, 514 249 Gelasiu-l ouat duoy dien dwiadiml 2in axedanl
AL .




¥ dizyA
sl (55
James Watson
Francis Crick

¥t Ja digdirt (James Dewey Watson)«il %4 6 et 192840 Ristoliui ¢, Al ay
194741 wllaatii ofl. vl (B.Sc.){l uedl wind 530, 241 4l e dzii yaflaiia
(Fisionalel v WL Sl 21l AT AL %+l (genetics) (A9 st M 5341l Mo
$2691 Mt 53 €14l el 2L AU ¥ wsy ol AsY PR AN g foeul SlRuL-L
(Rufaenaumi uellauzotii xlds vy 2 SR 1ol v Avid x-ray={l G52R415 31
ARl 4R Adl AAR/AL eULAAL 03U 195040 dailx ([aulaenduyidl
Y2424l (Ph.D.){l uedl it s31.

d2il (354 MouL dal DNA 21 2624 GHR1R 5331 uduaH oid-l % - 3R
gl dnl 200l 24 d2ilel uddl diell UUIA AHAANSRS (ARl gdl. dadi-l ol Hu
WGBS HARIL YR a4IR AUHIRA Sdl dal duq Y l5ads 2R alsd g g
Wil Ui 22, uReus a3l Wial, 195340 Y5 Gladl §aam Ausi-l Hadia 013 e,

siAun &30 st s (Francis Harry Compton Crick)+ll %+ $od il
A2yl 8 g+, 191641 %Al sdl. d2a dsn-dl yMaARi2]l sidoul cllfas@si-il
ALY $UL A Ay 193741 ol il (B.Sc.)wl uedl uind 530, ad 195440 daiiat
2124 (Ph.D.)< $1d A 54, Axdi-ll HeLFoit (thesis) 2lUs ‘X-ray (Qad+
Wt w1 MR 7 8.

(5L @artsio uR A 515 Us1R-AL silis ueua wswll €id dld .4 digdesl Botdisil
gcl. L Yl Az FHg Y HIoL 23 Al &d. ad 195340 DNA da ulasla
(Retiogeiet) ol {12 Sadl Faany AL Urdla 2% sdl. (354 ad 195940 F.R.S.
(Fellow of the Royal Society) gl2L A=A $2ALHL ULl

digdtet el Bsel -ieui a 195941 HRuAAH #Rd glRU2AxAL %t SR A3
Y2512, AW 19601l A5 YRSIR dal 196241 gt SIUlR9 Y512 dal 211 ot GuRid
196241 ~llotet MiSoveil AHIAA ALY 6.




UsWL S

AR5l 207 [Htdiu Rugidl
(Principles of Inheritance and Variation)

5.1 H~séel sqdlsdia
a3

5.2 s wedlag @R
(52501 M4ioL)

5.3 o oedldlg araor
(l2i5281 uyiaL)

5.4 ogrllas arl

5.5 wlaigivl

5.6 [Eor-[r1a4-

S413U adA Ll 2y 9 3, el a2 Rl sl oA o e
U . 516 i WLl 33 o= suudl Al ? 2aan 3= olleal
(olog)Hiell 2w 2 el % GoL 89, ol asrula 34 Glaidl Al ?

Al duel [ qadl 2uadl €ld 8 7 xaan g d Seais
AgelMl [l 81D 8 7 9 dMa $413 uL w2 2y © 3 U eud-
Gldel SIS AL HIS AU BWH 8 T 2AAAL SUIRS d AUI-AA0L 5
5.7 R goly € 7
5.8 odlfis wABiddizil Bilall dal A7 A6Bd 2As Waedl wd dsuls Ad, valisu--dl
o il AsouAdl 8 d sl@en (genetics) A3 2iereu 6. 24 [&yu
widRiscl da [gel Adladl qasidi Aa wadl Bidl 2w
Asdd 8. udfiisdl 2ied ¥ -l gt (gl aasll Aalal Gladl
gl gedl, d 2itqafEisdidl 22 8. [Btdl 2ed & % g1
Adl duel Rgaiell »gl w3 9.

[Arrictd 1200 (D0 Mol UBuL udd © - 2 sus
YA . A yd 8000-1000 B.C. i it 23, dHdl aruld 214
el ugladl GuRAA ard axdldl e efldl A aeielus
aaeilalon 12di-l waiedll sAA due Uyt su dal Al §Rod
dgRllalon el W sal. Gelswl adly B wiedll 2 wag
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QL weudl vGealsa  us9~ wlGeuls

oflorel U151 O @

al WRORA

ofloysil 391 O O

Jloi dlal

ol
allotedl ML&L% /?
sadl A

ywsl 391

allo-l 3oL /

dlal Yla

2wiglA 5.1 Asd gl deielel 9l R
O 5L 2UAd Ald AL
[ARiend] aasl

I

OEICEIN]

oi=ildell 1R (ydor) asy oudiniel ei-udell eurdla 2adl
(breeds)dl 2uudl vor Wl Ad WRRAA ¢l Gelewl :
ostordl ulBate dudl. 20wl A Hintd 4l 3, uuen ydoas
QAo ARAPIHA 2L (Bl stirt e U3 AL il
Astfts witReAL Al oL o 209 masidl edl.

5.1 H-3a 2ufisdirit RuAl (Mendel’s
Laws of Inheritance)

viorellaifl ALl HAHL 2L Bisl AHwaL W2 WLl 4
2L, 3R W@, a2l 81 Gu Al ad (1856 — 1863)
AL 250 (AR Uirt)dl Hldl 54l dal dril 2l
AWl d@sdinil Ml 2% sul. Al wuqdls
Al slMau Amad xissily yussel 21 dulils
bl Guulol @alastidsl AHAAAL HHIA Al W2
2. ¥l NRIHL A AL [Qou0 A0 AL A58
[Qaa{ludl v s2udl, 0d-=02 daii-l 20 Guaiel dlag
914l Gl Udlpil U SAUML 20Ad UHP dl d-l
Asu RRUA Rig 53 3, del uReudl suus (@Rl oed
Argedrtl 2LARISAAL AHA Rl ual Fede 52 8.
Aetd dRlRlAL 914l A dgell uR gl sal 3 ¥ dnal
(AR gdi. Gelsw : Gl 2al UL i, Ylow wual
eflet ofl, 2t 51281 Al 2daRisdie Rl 2uHRed
WO AAIR 5L AIddL Holl, QUR il AR dHdl
R sl F-uell QRY geadl Fdas 2 Qul AlRad,
leadid wxlsa 4 usy.

Ard 2al s Yg-AAfd (true-breeding) dasy
qateiel ad add B URBLAUA YR-URALLARAAL
ualoL 541, g At dusy wied % ueflotd] Uil Yol Add
AURLAAAAL 01 230 2] @zell (trait) MeRld 53, di=d
14 Yg-dalfa azueu-l sdn uie 530 % 516 A8 aaRq ol
5l U GBRIML AN Sdl. aniell e s3dl dedis
(AR1tneu(l gl FaL 3, A ™Al WAL 6fle, Ylow A4l
dla ofly, saedl x4 2A5Rq alo, dlel 2taan ol 2oy, Gla
syl Al 918 sl (sl 5.1, sies 5.1).
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A Bsdl i (@il Rigidl (\

25 5.1 WA glRL AUGAA SAML 2udd
£AUAL

azieu-it [QARER] 2¢HealZai
YA
54 Qal QAR A[Siealsaxl URIUAY
1. usigell Glus Glagy/~{lau H{:a%; .
2. wauedl 391 Aol juge :
3. PR EDIE] sallu 20l URAAUAY &R 59
4. allatel 2512 sAdligRid (deailsral)
5. sllotel 3ot el dlon d
6. oflogell 2512 S/ R6LALL (g
7. oflos-il 391 Yay/elal

5.2 215 -l ARALIUA (A5ASQA UUIL)
(Inheritance of One Gene)

ual, Belewl ddM I Bhdl USW UL Asd, IRl
sl Ul § ol A8l a2ieust Gl i <l sl
A58 5 2 2L UAWL IRL 25 Fellteil AR
po sdl (sl 5.2). 2 s gL U oflgsl
Guaiol 53 ol HuM A5 UL 918 U sul. B
A mud Adla udl (Filial; progeny) ¥dl F, 48
SEUML A B, Ars@ Ay 5 Fy UL U oL 6918 Gl
gal, % Uldldl 25 Gl Mg AMLA Sdl; S16 ULl 918
{2l A gl (2usla 5.3). diA o us-UL wRau
i USIRTL AERIML Adl HoUL Al AY 5 F
Adlaall (uam Udl) dhal s 18 Rigaie qeilfBd gl
il ¥y Rigrl aael-l o Aufls a8, ol wugld 5.2 : a2 Aseei uel
(Ugril qa sildesd adl .

Urs@ F L it ot o Gl 6914 asent s
A d A 2wl wy 3, F) WAl i deens 618
2 gell. ¥ qaat F U el Mo - . ¥ ¢ uelid wy. F, Udlai {2 691 e 1/4% (25 %)
gd. 2R Fy Wil 3/41 (75 %) 6918 Gl gdl. Gl 2 {lan e9l4etl @aRil del (g 6914 a4t
gl el ddl S5 weL Us1R- ABLRL A e, 2ald ot GlAL edl 2ada Al sdl. 5SS ugL 18 2L

& Gl a2l G-l 4 edl (2ugla 5.3).
W, QAL U AL AL W Rl il o WRRIHL i 2l 2ed 3 Fy Udlul st is
I

o Mgl gl Meflid aul o Fy U200 oinl caeil 3:1 3l 1[0iesd uut. [@eu aaeiu
6l Fp 2424l F) 2dR WR S8 U8l usil 4B Aqn oul -fe.
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2u5(a 5.3 : Bisse oL vy Fi3ue

OEICEIN]

WL BadisAiAl 2813 Al YR 53 3, 516 oo
Ul 203Ul (gl Adfadl o=yl wEy gl
G UM dert WA 9. dH8L 1L sueldn ‘5150
(factors) A3 Bormiel. 1% ¥ 2148 %+l (genes)
Al 2l ela wied 5, g+l idlRisdin s
8. o-lldl AL MR qaei-dl 2z we-dl
HRdl 4R1d 6. o-ldl 3 ¥ [QAUeu] x1[Gelsai-l
A st 52 O A AslAus 514 (allele) 58 O ed
5 d el dlgs (et 2a3u 6.

A R HOUARY Asclledl UAS %+l HE Gulol
5320 dl 2L R F | dotssiil sd adl sUd a5 wie
Adl 2 Al [RA 2y asd adl 2elsa e
Gualomi Adl. Gelsel aly Glud-l aaml ‘GR
w[Aelsd W2 Tt ‘A2l 2lMeulsd Hie tl Gualal
1 . T 2 t wisollo-tl AAa 9. oflon AL 91H
Gl Hedl Had s i usl2 ¢ TT, Tt »iUdl tt.
Al 2L W A 54 3, g AaAfa qzueul Gl maa
{2l sndul Adat s AuYoHl sHa: TT 2l tt ¢l
ol TT 24 ttl 914+ %4 U512 (genotype) »i-l
Glau-la e qaiicis 26l AU USIR (phenotype)
secuMl 20a 8. 21 51 9lseil il UsiR Tt €l¥, dl dril
@3y SR Y i 7

Ans@ Ay 3 F [Quazodl Tedl 2434 UsR evuad
[Brase TT (g A €y 8. viedl e dHEl YU 3
AU S50 AsHI] SIS 25 515 ol 515 GUR

ueud] 4 N & (43 F L) dnl ueudl 5125 2t oflons W29 5125 5¢ 8. 2ual Bruyl T (Gl
Hier 5125) 2t (fla-asindl qied 5125) % U291 6 dril U2 ueudl 8. oflad vi-d @asi-l #sHl
A2l 1641 541 AL WL AL o U Uy,

UoUlddl (UoLcl-dominance) il U%I—~idi(recessive)l AU WE Avidl I 2L %
A0 (2 ddRiold) @A 3 HieL (capital) el el (small) A&l Mol sl 2ud (Gl2u
HEe T e oflal H2 d AHaReAl Gudldl 4 sdl; 5180 &, 2 we A 5B 2 § o T 244
L0 43 o ylljana N B 3 «d)). AHydll oneid Add WA €S Wb B, FHE TT i
P tt Al [Nyl sletd v €S A B, S Tt 2R Tt el s danl (Glad)- R
sl el W2 [yl 8. dt sASW sl 2ud © A TT AU tt 42 sl 2udd

A58 WSASWL AL (monohybrid cross) secuui 21 O



A Bsdl i (@il Rigidl

2L a1 vl w9~ g aaei-]l 2eiealsd s ual
AR @R F, Wdlui i 6. 2Uusl 21 sl 518l asla %,
o {5201 e Gl v« 918 =yl [Fale 52
8 A (g %l AAd 2s6llonell AL B 2 [Qedue
WH 8 A WAL s % A ¥yl Udll 8. YA U
(QsAuR 1695 (random) €14 B 2 ¥-yui S As Add
glal{l Aeudtl 50 % $ld . 2L A5 udRlAL WReuHl uell
UL U5 252 69, 24 Us12 GlUL TT 9181 w4244l T 2
el {lAL tt LML t AAA 1U B, e eAHUIA 2L 6L MAe
T 215 g uiell wrorel e gl e toflon RigHisll 215511
el wudla el wllal Al gounyed Fule 52 8 Fal
5 T A4 24 ol t vidd Sld 9. oflon AL A5WAL
Tt €14 8. 211 A5 R ugdl R qael uelld sl
AA 41 8. w1 918 [Aunyodl (heterozygous) 8. Y2
2542 (Punnett Square) 5[ 5.4+ 2iu-- Heedll Rigil
SR % =yile Beutent, sdis FaRy, Fy 20 F, Al 691
AN WY D). et Bulea w<{l-tauel Adeies L. ysie (Reginald
Punnett) g1 [As1aaiil 0dl 8. 21 2udu{ly 2% i1d %+l
A5 NP Al Aeuad ot o+l us-l didl sa
HIZ AuA 8. 641 % AM[Ad Wi Alell Gur-l A0l 16l
6L L SLAMHL 61 619 AV 20 8, ol A [Ad AdLY -l
{1371l 2543711 Wil (square boxes)Hi sllaciHi »1d 8, 3 ¥
Rl 28aR @30 Y WA .

yre 254l Gl TT (12) [ug 244 {la ¢t (2uel) i
GRL Bt %=yl 2 Fp ddld WL Tt eulaqiml 2udd 8.
Tt %l UsR-L F; 918 2auubid (Rasad) saen 8. F
UZLAL Hiel (FL6N) 24 AR (W) sHa: @ A I a3
gL el »1dd 8. %ll-t U512 T F 6914 a5t 522l
Al AvUL T 21 ¢ %l USIR HAAdL F=y2ll Bt 52
8. FUIR e WA B AU ¥ell USIR T AL UAARY 612l ¥+{l
USIR T 2t L 248508 wABLd sl dena-L 50 %
€l 8, L QU %l MR ¢ Al YRR %+l UsR T
e ogeflot MR ¢ AL 248500 UABIA s Aeua-L 50 %
Gld 8. we[Es wHRA sat- uReux 2 €l & &, sladis
(your%-zygote) TT, Tt »aual tt %<l UsRR-U 1S b .

AU USIR-UHLL: Gl ¢+l

3 : 1
oefld USI-UHIRL: TT @ Tt :
1 : 2 1

wigld 5.4: A gl s Aafia Gy
Aalld lal 9l a2 sa1Hi
wdd s Al axydl e
yde 242l Gulal

73
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Yn2 3%AR gl 2[5 sl wReu a3y 140 TT, 120 Tt w174t ¢t S asiy
8. A5 Ful o+l M52 Tt €l B U8l 2a34 Usi2 Gl sal HAL . Foi 3/4% 6918 Gl ol
S2als TT 2 2412 2y Tt %+l 934 H21ddl gdl. olal 23Ul daiid 20l astdl ol &
Axiil ol U512 TT & Tt . 2udl o<l usR Te Hiell Hot 28 o qas T Gl
Mzt qd 9. el sl 20d O 3, @ael T »iadl Gl Ad-l AAd t xaa u azel
Guz ueudl 8. 21 o qaerdl Fiul uepdidl >R ¢ 8§ ol o 918 Gl €ld & (md ugl
%eilt UsIR Tt ¢ld) 2w F, udlul 3/4™ oig Gl ¢ln & (e ol usz 121 Tt
e 1/4% TT €1d). 2iddl a36 Usi A1 3/4% Gau @ (141 TT + 121 Tt) 24 174t
{lal (tt) »ied ¥ 3:1 WL U el o+l us-e 1:2:1 €lu 8,

TT: Tt: tt L 1/4 : 1/2 : 1/4 nqe-i 2uflas (gugl du-udl (ax + by)?Hl s 531
w5 B, FUL T 2l t wellysd @yl dHi U 172341 € 8. 21 yerd {12 wdl [EGgd
53 wsy B
(12T + 1/2 )2 = (1/2T + 1/2t) x (1/2T + 1/2t) = 1/4 TT + 1/2Tt + 1/4 tt

U@ F, 6914 2a5Er s 27 AY 3 Fy 2l Fy Wl Fyrin +flau 918 3o +{lau o
Geurrt Ay, 69, A8l L el Ao &, (Al o+l us12 a4yl (homozygous) tt dl. ad
LRl el A a8l sl Fyu Gt elsd 2auulid sal eld dl d- ¢ A 4% s 7

Bua-l $530 wRYl e Wy O 5, ARidly Astia-lAl ML gIRL ¥+l Us1R ML+l a8l
53 AsIA B, U Mot Heudl daRidl 30 UsRA RS Bl UsR-l AAA e A A
Asq A4l. GereRnl dils Fy 2Aal Fyetl Gl e9lgell %+{lrt 1512 TT A4cl Tt 6. A A 48
asg ell. dedl W2 Fyrit Gla s9isetl eilt usi-l [Raien W2 3@ Fyrit Gl igq, «{lau
914 AR A58 52, WA SAEL UL\ (test cross) 5€ V. AWARls 5018 As@1ul noud) a3y
USIR AL 42 (] q2ipuAL 918) Meudl 3y UsIR sld § (AR Fell %+l MR 55l
5L B) el U9~ 918 ALY -5l SAAANL U2, ALl il USIR 58] $24 32 el
Aisal Adild Rsdua 530 asiu 9. sl 5.540 aial@s s02 Aswi wReun ealaami
il 8. ol Aol Wil WU (W) AFe 00 Wi (w) WR ueudl 9.

Yrie 25d2l Gualal 5304, s8] sl Aaldel 234 U514 ALl HYA 5. A%
a1 UL a4l ?

21 $41] ds81eU ByetlerSunl Gualal s34 4 ad sAlEl-d5201] 25 iy vl Y]
sl el ?

21520538 M1l Wiclledl FRZARIAL AU A8 drtl ARALPREHAAL IR 2o el AHF AL
HIR A 2y [l 2% sal 2% 21 Raell 2ugdRisdirn Rigidl a0 [Rusl (Principles
or Laws of Inheritance) 581 € : uay [Ruy 22ql u(ﬂdl'il (Fun (Law of Dominance)
2w oflogt [FuH gal [QeanaHl [Rau (Law of Segregation).
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(2l %lld us1R)

Ww | Ww WW_ | Ww
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ueudl ©

w5l 5.5 : 52012 - 5201 4B (3uat

5.2.1 Wil (Ram (Law of Dominance)

() @aelid MUlRa SR8 WL ddat ([etsd-discrete) AAsHL glaL Ay B,
(i) 5151 AL €l B,

(iii) sl 5125+l Bl 6L 5151 A0HA S1d dl dnidl 28 5125 ol 515 U ueudl €y
® Aed s (Uoudl) A ofly (MA9~) €iu O,
F b wiot 25 (gl aaeie w&ousd ud dal Fyi ol [Ugnl qael A ieusd
g Hepdirl [Fad g axoncl asid 8. Fyui 3:1< s ol Ad Mt s 6 2 ugL e
AHAUY B,

5.2.2 [asana-l [Rawn (Law of Segregation)

2L Fud 2 de U 2R 8 3 wdd sollon w18 Bilid (Son) 24l 9012 18 8 8
2 F, Ugl4i ol caeilell yri: 2Ao1(5 o nu 8, Ma ugdl d Ul 2is F) 48140 v@iesd
ad L . Rigul ol Ada 21dal €u 8. =il Ml 448 51250 Asolloadl A1aol 75
U3 8 Al o Ule A5 o 515 %Y SN Elve Ay 8. 14yl [ig (homozygous parent)
GIRL Gt Adll o8l % i A Sl 8. IR [QuHyedl (g (heterozygous parents)
Gl 6L USIR-UL %Yl Bt W . FHL UASHL Vs-V1s Hdd AL WHEBHL $1U 8.
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e

Al (RR) y3¢ ()

Ayl

AU USIR-UMIBL el desfl : e

1 2 1
ogefled USI-UHMIRL: RR : Rr  : rr
1 2 1

25(d 5.6 :

I

a1t YW (Snapdragon) 691841
s 5w wRBLA, 2l @i
Bda olon Gu 2yel ueudl 9

OEICEIN]

J22d %-t'ief Ul (Incomplete Dominance)

I3 LBl YRl UUIL ued drulapiiiidl v qaelHl
(o5 dgeiul Yraldd saiml 2iedl cul ol wil 3 su3s
F Al 2ldl 034 U2 U a1 © % 6L U8l 516 (g u1d wadl
2iddl el 2 Al UL HAL 8. Lty (Dog Flower)
(Snapdragon ¥l Antirrhinum sp.) wgei UGLdL-L gwelde
ARl W2+ A Gelsw 8. g Aalld cie Y (RR) 21 s
AAfd AFE YW (rr) a2 AW sAAAUHL 20, WRRUH @3U
F, Wl ool you Rr)awll wd a8 (dugld 5.6). 2R 1
F, dlid 2asaq sadiil 2ie d-i wReudld u3ue 1 (RR)
ale : 2 (Rr) deell : 1 (rr) uge ed. 26l o+l us12 wau
W o e ¥ S uRL AU isAswAU UALML A .
U3 AU USIR UHISL 3:1 Ueud] U9l UAHIRL sledls 21y, ¢d.
2L GeleAML R 5125 3 r 5125 UR Al ueudl « 26 2l cie
(RR) ¥ 3¢ (rr) gL 2ol (Rr) M a8 a1,

ICTIERIE | %i.{:@-l"l.lj W50 (Explanation of the concept
of dominance) : MellfAdl diRdadl g 8 ? Jedls vdd ucudl
el J2Als U9~ 3H €U B 7 L UsedlAd AHAAL WIS AL
ogefleteil st AHFG U3, A el 1 3 oelli [RRre aaad
[Aeusd s2a el MRl 8] iy 8. (2514 uwdlil 2ad-u
¢ 23U UAS Yilrl ol Ase €U 9. B w1agys Al 5 Rda-]
A8 dnal s Bl o dlu; FHEs [yl duidl s vl
[l 51280 Al 2idal uRddd €S 2% 8 (20 [@vaul al
APIAL USWHL AR 52L). ¥ Adami AssA HURAA
3uUldRd 52 9.

Belew dl3, vis vidl Y-l Al 20 3 B4l 215 GAAS
oeitaalel HURAL €l 241 %eileirtl oird MU[AZUL Al 6L A |31
8. Wil A4S & d AHY A Adl AL BRIAS Bu~t 52
8 (¥ el eudl Ada 8) ¥ ws Bl S+ 3uid w2
214845 8. 3UldRd Add Agilas Na AA-uHiAL SIS Geulet

H2 FAUGER SIS AL © ¢

()  AHA GRAAS [ il Buisladicnoil Gaias, »adl

(i) Biisidad GRAAS Al

(i) 518 % GRAAs Yl



A Bsdl i (@il Rigidl

uddl BRuMl 3uldRd Add 21 :3UdRd AddrAl HIA 9, Aed & d s o W3U
UsIR AFA dstl uReud @zl uBuil S+ uidael ad. L usRAL Ada-dl A
U6l o AL B, YRl HAG A Bietsidad GRlAs adl GRlAs Gt el 5l dl €3Y
USIR UR AR AT A3 B, AU USIR/AREN FUIARA A4l 513 Gu (el 28 B, AL
§3UAR (514513]) Add ¥ ardlds a3u usiRd w52 9 d ueudl €lu 8 da
FUARC A Houd UA9~L HAG 14 O, 2L BELEWIHL UA9~L AAAAL 2A[MA 5 Y]
BAAs oirddl % Al 2Aal ot dl sl €idl el

5.2.2.2 dsuoiladl (Co-dominance)

AR YL 21U A Asel-Al 23l 530 26 edl § ol F ol Rgailnie 86 st qadl
204 (Ueldl) Aadl a2l aaellaoll (Yl ueidl). Udg As-UeURdl Adl g2l 8 Fui
Fy U4l ol Mgala vadl 2ud 8. ad s Gelssl 1l ABO 3Ry [Rulw
sUol [Aldt gL 558l . ABO YRryad [Faats T ol 52 6. sdstil
SRl AWl uRell stelR GuAd w5 NelHR i 8 2 241 WelHR+l U1 5l edl
a elotds] (FeiaeL ol TaiRl A 6. 240 g+l (DL AR Add TA, 1B 214 i €ly 6. xAdd
TA 27 2da 1B aisoflone] dldls o et usdl wbAsd Geuter 53 9 u i vdd 516 ua
usRe(l W, Gewtent s ell. 51280 3 e 2414 uwa (2n) B, el W2 Udls @lsaul
2L ARMIE 6 UsIRAL %<l A €ld B, TA w4 TB 2 2iyel Ad i Gur uoudl €y 8.
Bed U TA 2 i ol 1% €U AR $5d TA vi[dea st dd 8. (51220 3 i 515 ueL asw
Beurrt s riell) 2 2R TB 2 i €12 €l R IB wiBasd aid 9 weL s IA 21
Boia d a1 €l R ol iddldidl asurll AR5 53 8. 2L ferdl % As-UML&dL
8. UL SR8 5Ll A 21 B oid usiR-l A5 €lu . [t US1R-L AL €laiel 51281
6 ALyl AN ol B, 2 UsIR ABO JBR7U (s1%es 5.2) 6 (Al o+l usiR
(genotypes) As4 G\2l. XI3Y H5IR (phenotypes) 3cél 4d 7

S8 5.2 1 Wil 3[R0l 2udlls 20l salad ses

(g 13isll (g 24 Adla- ddlad
xd4 a4 CRIERETES B
iz 2 14 A

4 e AL AB

I i I4i A

I I s AB
I Iz gz

I i I5§

i i ii

~
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df € 2 AHD o1l 2l 3, ABO By eigds(@us 514\ (multiple alleles)-
UBL 4% GElgWL Y 52 O 7 diL A wsl 9l 5 Al Al Ay 22d o8l AdY s
o gt [HalBid 52 8. Ui @lsani o o vidd el 2wl 45 8. dell wAR 1S ardl-l
MU S 2 AR o otglasedl sisl [Ad mell wsu 9.

59135 s el A5 5l A A AF . Ge1e Ly aeu-L ol i
AsduRrd (ol 21s o<l 53 8. AUl 6 Adet (B2 b) €l 8. i Ad e
A2ANRL BB AL 6121 Al 8 Bl 21 Us12 Hl2l st 2213 5811 (3¢sR1-starch grain)
Geust 2 9. detiell [Quld bb uuyodl 2212 dsduRl 20l ABUdL 41 © 2 dall
Ul sl 2213 sRle Gewtent 53 8. WRusadl olie BB 6l ol €1d 8 247 bb ofl
vReASE Sl 8. [yl ol ol Gurt wd 8, Hed Al 8 &, B uocudl Add 6. uig
Bb 6{lorii 2214 581 5¢ Heuzell ot 8, dell A Bb ol Geurrt Udti 2212 2141 se7 243
USIR MMl 20, dl 2 eFRsRe 2 A 2yEl uejdl sald S

el wedl 2 518 el 5 % dedl Wledl 4riad sl dan d-dl dlued @ud
(autonomous) @&l «tefl. 13 2L o=l 5l A 23U U512 U Uold eAldd €1d dal
(ZauMl d oellerll «lu dan FlEd A3 U1 YR dedl % 2UHIR AL 9.

536 °b""ll"-l\l'j’ araRmq ([gsw M@LDL) (Inheritance of Two

Genes)
U@ A2181AL 61 [t caiell AL 6918 YR 501 MaloL sul g3 lou 244 dlla slloge
918, 25281 efladl 2 vRo8L ollra 918 A s (Fugld 5.7). A=A AY 5 2
s+ gl sl Hist Ylon oo 200 ollosl 6918 % Wi M 9. qd ywudl sl
el 3 dlal / dldl 390 ddl oA [ veAsL sl AsHi 54 dael qoud] s ?
ol 201 4 efledl 301 BUR dal N SR 2 vReA8L Gur ueudl 8. R Yl
axy dlal e oNoL dHy WAL oflydinl 91l a2 wad-HAdL As ASW
UL U dl del wReuHl uRell W ddA AL % dREL ARy, 8.
oeflet U1 Al Y ueudl Wlou a1 ofly dan y uxo dlan 2L ol |2, R
L A5 6(1% utl r WREASL 6% ISR HIZ MAPL ML 21 dl [UgeL o+l
SR 2 U dvl Ast RRYY 244 rryy. 21l 6 aufadiq Ased sugld 5.7
worol vl Ast 8. FuL Qg il o+l UsR ealaani el 8. saq adil oy
RY i1 ry #olld F, 252 RrYy Gt 52 8.
IR Hs@ L F 6914l 2a5ent s, dl Adl {5 Fyril 3/4M qniaufeii-
oflos low 2 1/4the ol dlen gar. Yl 24 dlal 221 3 ¢ 1wl [@edye wi
8. 2L % USRI e vReAIL olloyedl 251 U 3 1 1w [Asdne Wi 8 s
A5 nylol F.
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5.3.1 Y5d a€ell-l [Run (Law of Independent Assortment)

(Gis0 el (sl 5.7), |30 U812 2la, dlow; vl dla; ola, dla »14
wRe4L dlal; 9:3:3: 1 MMl MelRld 2dl Axid glal Ao 5L >1Ad qarii-l
AL U % MM M Uy,

9:3:3: 1+t 23Rt 3 low : 1 eflendl 08 3 00 : 1 vRei Al -2ellil e~
53 ASU B, L AU~ 2L USIR uRL Al ws B ¢

(Goun : 1 vRed) (3 dlow : 1 dlar) =9 a0, vlow : 3 vReR, Yo : 3 i,
dlal @ 1 wasg, dlal

[2ais2eL uaoL (6 [AQRleuRdl qael duddl 918 a2l isw)ql uReuHl ur
HRA Awd s oflogl AL (L 2% 54l F Awgandl sd aduell-dl My 58
0. 2 R eld B % 2w 51 sl qaeli-l 6 A A8 2d & AR 5 s
As aat ol Al aaaell Ada Ad [Qedwa wi 8.

Fy RrYy 1541 445321 elMaiet 243510 2 421012% Glertetl A3A g+l &
Blérll Hset (AN ANHA W2 YA ARl usAAUyds Gulol 53 asty B, ye{lall
215 %8 %+l R 27 rett [Qeadmt 2 [ 53024 dl 50 % g=yiul R g+l 2t ofla
50 % %420 r =il ¢4 O, dHl R 2 r dlal-l 18-012 AAd Y 21 y 4Bl €l 8.
Yy [Qsdnel ual Rr % o i 6. die uvidl Bl Hewsdl did 2 8 3, 50 % R 244
50 % rei [Asanel, 50 % Y 1 50 % yeil [Asdnaiell 2adat 28e 6. R HR1ddl =yl
50 % Y it oflot 50 2514 y, 2AL U512 r HLAAL ¥4 50 % Y dal sl 50 251l y
ogeflet €12 69. 21l ey2lieil 4 % eflt Us1R ool U 6 (43512l UL AL 4 US R 2AL5N)
% RY, Ry, rY in ry 21 U512 €l 6, ¥l sl val 6 g=y2il-l 25 % 21ed &
1/4 €1 8. %12 diL Y2 2 6L 612l LSS i WAL dviall IR 2 s[-dldiHL
2t 81513l Aenadl A0 2L Bl Fy 6918 Geurt i 89 (215 5.7). o1 16 2592
Sl4 dl 3edl 23U U312 Al el U312 vl AsdA 7 2qube sivesHl 14 5.

9 W2 25ARAL Mol sl dd F tareirl gl U5l dwi 5301 dA
UG sl Al wsl ol 7 gL well-Msl UL Rl 9:3:3:1 el !

54 F, L Hd el 4R -l UM A3 UsR

53.2 Mlgd[ﬁt&dlrfl i»‘*R@\?ﬂQQLE. (Chromosomal Theory of Inheritance)

W@ e qaeiiedl 2iqelRisdl Guad sl 186531 MsifEd 53a dX 69l Seatiy S1RRIKMR
1900l 2u1et A4l 242080 6L HAMH, A [BaAlil A2AR-AHAGIR A0 L &dl (Sradl F4).
getiell il S8 6lEloll AR Mol AR, 619, %l (Adal Fxsdrll eurimi 51251)
HI2 2 Aseudl Ml 3 d ageliql Fabeiedl 2] dHe Aa0L 2isHIAL €3N 89 dal
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artt [Frsteidl 2iseusit ald Aar Add 3 ¥ disellon 8 ARBA 2y 9l
L ool Asertl AxstellAa a5 4 el 523 il skl AR 3%
URRA gdl. 2%, 2 A4A Dal@aurlain Aesardl Fd dedinl Yasswe e
Gualoi dlfet alRid HHRA AR Ayl Adl 2 S2als @alisu-lil
gL Rl gl vidHl oA Awsete 514 N 2B s €11 3 518 ()
[Rotsd 215l €11 B, 9l Rl o asll el elilas-aaist 20l asAL Adldl.
d L uRL A ol AsAL F A sul gl Rl $ld 8.

190041 >3 AsFsl (-5, S13-4 24 A5 (de-Vries, Correns and
von Tschermak) 1 adt 230 gl 24145l Ao FAmsetrl R
YRl 54, A uHd yiededl dsfFilul wald uaL 2 €l edl 2
AallFsl slamyds SIN-lAMs Al AHA A4S Y5UL Sl SINHL s
AL 2 S Y4 edl, B Siu-[Acu udal kA dHy [@Aeid ue
2§ 20U 8 ¥ IAYAL (Fo1512 % FA w35l AS AsiA) sl wiieut, 1902
YL 25281 el ToR4oAL]L setrtaeete{l ouleied stirt il 4 21 e, cuee
e il [BldR olladl (Walter Sutton and Theodore Boveri)l %34 3,
YL HAgIR UL el el o . dila Aseril [yul (sies 5.3)A
RPN sarad-l alalal (2usla 5.8) gkl aHmal. siu-[aeus--l
AHoUYL daHe Alse-uBadl LRl adesA saul vl dd aiw
ALY 69, oeiloiell ™ % 21U UL FLSHL UL €14 6 AL s we{letril FBigeil
ol AAG XA IRYRUAL AHAA UL U AL SlY B,

w5281 11
G, G, wiflsael I cuoelidRlaal ol SINL

oL ldRASRAL

el ) — e
o] S8 (==

| [Epte) | ==k o
e s eg W : R
- W‘ S

w5(a 5.8 AR 2RI HRAAAL UL A58 2 opeiet Sl FlRL ATl AS ASLEL S, ogeiet

Sl Rl auid 20Rp1 3 Ad Rsdu wa 8 ?
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S02s 5.3 : 3oyl A el adgysll wvumell

A B
A4l &ld 8. A4l &ld 8.
eyl gRu Adl Ad [sdue wylaule gl [dne wd &
W & 5wyl ucds AsHidl w2 AsHIE] WA A5 ¥ ¥yl Wid
25 % Yl 1] U3 . Uy &,
2§14 A Asellnd] wada Ad - Hs A, Wllw s radat 2d [Aedug
[asdye W ©. i 8,

4 af youdl asal 3, w1 o siay A 2 Buid] 54 sia¥ 420 v 5y sldd
oeilty HRAMRAG 538 7 2 [l @i 34 Ad &4l 7

(520 I euainaRal ol 6L A venaral ust uR sl adat d
AL A A5 D (21500 5.9). AU AHFAL HIS S16AL A BRI SIAHAL AR AL 01 F014A1LsA
Avpell 52 dlel slauul (donast 1) ol A eflan Hsuid [Redu Wil 8 uig el
6UL Sl (Aonasl T4l <ol wRall, did PRI A8 [@Qsdwr wl 8 8.

WsUAL T AsUdl 1T
s dio Uil 2 2§ ofld wRgat da die] s alo Rl A 2§ ed P1RgaL dal
lof 2 2§ Al VIRYSL S ¥ YA W2 aio o 2 25 dlg PR 2Us % YA R
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A2t A olladla db 2y sl 3, 32400l ALY oteticll 2R AL
([sdmat) wad d dlciedl 08 4 e dal s [sdurid s
oidl. A2 FoRYolAL [AeAuEl Awsdrdl Rigidl wd Ak F4
2udRisdrl el A s S

W [RARAL AANR wan 53R Al g2 Wi (Thomas
Hunt Morgan) &l d{imil 120 2 Risdirl 22R{14 dle 1al
Rugictl mlioncts 2asell 53 2 [Rolluos Goueml Al adl

[eicl 32 200 2 530 {dld snredl, QA AAARIR22 wusla 5.10 : SRifFal Aa-sie:

(Drosophila melanogaster) (?rll!gf& 5.10) wr sl !:’-i 5 % Al

UEYIA MU ALA50L AU A, el WALLUOUHL A0 A HUHHL

G wstdl ¢dl. & idid @anas 6 Asuluidi Yol 52 8. dul s o Ayl
WAl [Aye Adl Gt wd 6 dal dul R [asle gdl. 4 2 Helsdl
wdalSell 2o 4 wscl el WA AL 2UdRls [RRHAUBIAL s USIR gl
% YaMeds Uil dl-UaRML UBL AN ASlAL Sl

5.3.3 ALA AL AR g't:%ili\l%'i (Linkage and Recombination)

[RioL A5l oe{l-livil 240411 W12 WidlA JABAHL auost [2s L udlol sul. i
Urg@d gl c2lRUAE SeUML 2L (21520134101 Fal % gl Gelsel dly 3l Ylou
AR i uge viviiauo]l Hiet Hvll As2eL, sterl AR 214 die 2ivilanol]l A2 2l
A 52 2wl F Adlazdle 24567 018 uRgaq s, A9 Ay 5 6 (il
A Asoflondl ot [Qaanat A wsl 2 Fyrd wieL 9:3:3:1 sdl AiHwat dld a0l
Ut 2y (6L oe{l-llil 2ol Al YR 2L UHERL AU 8q).

{91t el clrtl AR 2 AR gt 3 %ot X-20R1 U R B (d Ao
(Qeudt 5.4) v Al 21 ugy el dlY & o [gRuse-sluul 6 g+l 218 o 2R
UR widdl €Y U3 (g el diori wa Brfig usizel vioy o GlZ 28 8. 3ol
g s 6L el ollleis ALY 2AAL AL ol HWIA 2L 8-l MR
ALARHAL (linkage) 2068 LWL % 5 % 32042l A~{l-lAl @llles ALl asld
A By el 2ol U W2 Y:AAY (recombination) 26t Ayl
(sl 5.11). 3oL et et Aalo{lwL wat A douedl & 315 o 3914 U2 AL
glal 9l wal sedls o={ldi-l Agaoddl ay sdl (Fed ¥ yrtidly- ugj 24 ¢d)
(gl 5.11 usat A). 212 244 glell Ad (loosly) AR HRAA sdl (Hed 3
w48, G ed) (2usld 5.11 ugant B). Gereral dils duel aw & use
ogeflet 2L flow il vior o HorollSel AAAL gl 2L dHL YAREEA 1.3 % e
FUIR AFE il dYUY (miniature) ¥e{lvi Yetidlo WHIRL 37.2 % &, Yied Ayl

(a) 1= (b)Hiel




loll, ude q=y USIR ude, @givl
YN y w . w m W m
- D — com——m D —
F, gl yw w m
A RIE TS loil, &t A USR uge, aguv
(g ¢ Y2 QT Yetird
(98.7 %) (1.3 %) (62.8 %) (37.2 %)
y+w+ y+W W‘- m+ W+ m
[ o — = - D o= — g ] oD
v U512 SED ey USIR ayv
y w y w w 111 W m’
(@ — =] [ n= ——:) com——mTD C D
o, ude Yol ue, agin e
F,udl : ;
VAR YW w' m' w m
[ o — =] aaEw—— D T D
e — r—m o cm—m o
yw yw w m w m
9 U512 ue 9wy USLL agiv
y W y w w m W m'
[ — =) e P ——re =
cw—p > Cm———mT ==
y W y w W m W m
i), ude il ude, qgiv e

25l 5,11 ¢ H{dlA gL s 2Udd 6 [sm0 uRRUH : 51U A y o=l 2 w i s eald 8.

£ B+l wairl m 422 25201 £ 8. il uouell ay us1R WA (+) 215 At GUR 53¢
6fl2 sl (superscript). it : y uA w A2l Agaddi-ll 1oyl w24 m 5t Gl &

Agaodl el edl. Holeel [Qenell 21es 22d2 (Alfred Strurtevant) 215 % 2R4e1xAL %<{lt
Al YA 209 el a2ief 2R el oRgpIE Al RAkAL sl ealedl.
st Yl Byl wisiel Ruiel o5 452 (genetic maps) bioL % AR Gudlom

Al WU B, g ¥ &L Bl osHRL Wiwsenl uRL alfid sl 2udd 8.
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5.4 f’tg%*ﬂ[:té ARl (Polygenic Inheritance)

Adedell AHEARA Yo o sl asiel 8 ¥ Aedl-Aedl A Eail sld, FH % wwusl 2o
5 % Aodl 5 uFe €ld 8. U A A AW Al dl dHl @l el clalBisddl gl 1aal.
% du-l Buinl A2l [Pt Aol 204 AuA qsiHl S O, Gelewl dls, MiAdiul Wit Glau
vyl {21 disl Hal 6 Aa-maol [Asedl o + 1y, uig AMld GlRus-) 2iysl dell €y
6. Al @8Rl AL I A9 Al a4y el gl FEBd iy © 244 dell d- sgsei-ls
@8l (polygenic traits) & €. olg[Qd o=l oigar={llAs il A Asoudd €lal Burid
WulaR8L Mot WL il & 8. Hidd-cdlel 391 e s ey Gess (classic) GeleR
8. oigy-lFs davml A3 USR €35 AAd- Al MER 52 B, 22d 3 ¢35 ANda-l
AR GAAY B, A AR L Al e 208l WA 5 212 o+{ldl A, B, C caiil 301
FaBict 53 . il Ul 23Ul A, B 214 C il 831 390 HIZ FAUGER 6 2 U%9~
A3UL a, b 24+ ¢ vl (light) 2L M2 FAUGEIR 9. 6fL % Uil 2144 (AABBCC) a2l
oge(lel U512 HiseH, A2 0L HAL B A d o Lo UA9~L AAA (aabbee) ALAAL BiseH Rlvil
L ld 8. Rl (2UaL) uHSl 218 ueld]l AAG 2 AR AvAHL U§9~ NAd Y1
il WS Ll AARUOUAL 220 BRI B, 2L A Bl MSRAHL €25 Al Aval
52l ALl 8L A Bivl 01 W2 FAUER B,

5.5 w212\l (Pleiotropy)

AR YL 2AUBL Fe{loAedl 25 % AU USIR AAA Q&R BUR AR AE. %15 8 lal Gelell
ASA 5 Fui 2sed Aol s sl At @guasl wuldeals sald . wal gl
122105 %+{l (pleiotropic gene) 5& 8. M2l auol-l BRuxl w2l UL siddld
ogellrie{l 2 AUuAALS U™ (pathways) GU A1 8 5 % (AlAY @3U USIRL drs €Il Wy
8. BrudalielyRul AdL, d- Gele 8. % Hi-tani idl 1oL 6. U AL Adl 5181 Bruda
A SLOASAOARS BRAAS HIE Adclrt sl Bl [Agla & (Ase il [Agla). u-ils
Hedl A A0 dUl ALl 3x5sRIHL Bl eldd] azudall wRialE gl iy
2ol a8,

5.6 ([@o1-{R#1ut (Sex Determination)

[Riol-{Hzu-l Buwlal éia w2 ar=luollzil w2 x1s 511l ol 26l o-ll=s | gl
BulR gl Ro-HuiRiAl 3lMs d3d Slesl U scUMl 2udal A3l Mol vl
UL 2L, ARAAHL s slesl uR sl (RRlasiial (or-[Faystn o-{lFs [ 2oiplla suHiR-l
(st 54l &(%3) (Henking-1891)Hi 32ls Slesiii 459N -t (Al Al 2
(AN Siudedlly - Hiam Aadl, Avial A ugL Ay 5 50 % WssNAL Lssu-n ul
2L ARAAL AS A B, SR GUSLAL 50 25141 AL AL Al HAAd] Aefl. [FH 4L AU

(\




w5 5.12 1 3014014 [Pirriclietl 2003 [RoL-(Fizau : (a 24
b) Mietel el IRABeML, MerHl XX Rl %l
(yal) dal 40 XY ([Evuyedl) Rala
(c) mell uall2liMi Mgl 21431 YR ZW
el AU AL WYL ZZ

aq st

X=514 (X=body) U3 21w Y3 o dril Hewar axondl
L AsUL 2d QS ltsidlell A Fesd wuwdl 3
(5ol X-514 ARAAHL PRPL % €d. MNedL W2 A
X-301421 13 AL A2, 2L YRL AL 212 5,
gauetl Slesidl [Rd-Haunsl Bulal X0 usr-l
Sld 8. wald ol o HSMHL Ay PRI (25
RYAL) Rica 25 atiL PR URL Sl 8. ofle suy
52ells s SINHL AL X-2R47L S14 8, IR F2ellsHl eld
“efl. X-0RPAYS Y55 gL Sl 2issin Hiel oisdl
AU B uA N X-DIRYAASA Ys5IM ad sl Ay dl
d R ol AU 8. g a¥ QR €9l 5 12 Hd HlElL ol
20142l vl Al 1y €9 73 X-3owRytel [Eo1-
Fraaunl oyfist gl aqt (@l 2014 (sex chro-
mosome) U4 AU U, olslHl ol R
eles iatzyﬂ (autosomes) LM HUAHL AL,
dldleldl XO usR- [Eo-ffaud Gewsm 8. adl
R4 B[R RPN R A5 X-301401 2019¢ €U 8,
U HIEML X204l s A8 wuddl €lu 8.

21 (Rdlaweli-l Bl [Ro-Fiau--l Galaba
Al W iy 8Rllot] AlailHl el a-{l sl
wel. wBlL slest A wdd alsd Rl
XY Ut (Ro-{radn sial 3w, ol +R 2 el
oAl 221R4UAL vl A €U B, ML 38 2RYL X
Sl 8. W3 de AdelR e i €ld © Y Rgat

s3a1 9. 2[5 Fo1401lr{l A1l AR 2 Higl ol A Sl
8. oflon AEIML ML B[R 0RYHL A1 XY €1 8 e HiglHl 2[5 Lol w18 XX €l
6. Geleat Ly, Wi dal JRIGBArME A4l BI85 2RI BURId 28 X 2 18 Y DR

~

€ld 8. 1R Hiell B85 PRI BURLd 28 A X-RPL €11 O (208l 5.12 3, b).

Gurll Ayl dd 6L us1eL [RidL-{HadA Med XO USI A XY UsIR-1L 2041
$3L. oA AR 6L UsRAL Y2l 2L 53 8. (a) X-2R4e1 AR A4l AR (b) Seals

Bl X-200R42L A Fealsil Y-201gol. L usil (o[ Bafalaq
12 [AuMYIHSAL (male heterogamety) 58U 8. J2ells v ALHL FHE, Wal>H

el Uy [Ro-laud Al we (2usld 5.12 ¢). 2 WEARL PR ga Aqva
12 2 HieL ot uRvll Sl © U Hiel gL [l PRI glRL 6 (Bt UsIR-L Y2l



A5l 21 [Pl Rugidl

(ol iy . 2i2d 3 e [ANuyousdl (female heterogamety) icl 1A 8. 219U6 aglda [dor-
Rzl QR uglirl GRaell Hiel wallaii-i Riall 22140 Z 21 W 32134t 9 s2lledl 8. il amdlui
HEL D5 Z 247 D15 W 0451 HAA B, 243 441 285 DR GuRd Z 301t A5 A 203l €U B,

5.6.1 Wi [do1-[Azu-t (Sex Determination in Humans)

FU5 USdl AMAAAUHL 2 5, Hpal Rd-Faidq XY usiR €l 6. gd 23 A8 PRIMiE
22 %S R A HIEIHL [Blagd 2sauln Sld 9; ¥ 2[85 DRPIL sl 8. WielHl X-21a1-l
25 A GlU B A ARML X205l GURLA 25 Y-201421 €ld 8 % 43l ageld FulRd 53 O,
ARHUL Y51y irt eAMHALA 6L USIAL FYAL 6 8. $e Bt Al Lsstuiel 50 % X-oR4oAY S
Sl B 2 50 % Y 35 €l 6. d-ll u1d B85 Rl dl €ld © . HEML 1ot s % USR-AL
251N o1 9, FHL X010t S1d 8, HEMHL X HUdl Y U1l oRpplldl setn el onal
Al 28 V. B SN et X USIAL LS 6120 A L YUy (sladis) Huel (XX)AL [@slRia
4 i A Y MR SN g1 st datefl A2 Al ¥ A 8. 2iefl e © § yssiusdl 2udls
AAAL o (g [o-[Fiaaae 539, 3 weL e 8 5 Udls deilazansi Qg -2 saal Jel adld
[Asaurl Acuadl 50 % <id 8. 21 204l s3AAlol 8 5 A3y sl ¥ 1 Wi ellid
AL B, 2t vilel [RAAA 5139 -l WA eifrgd AdSIR UdL 2l B,

5.6.2 naHellul [Ga-(Rauq (Sex determination in Honey bee)

Heollil [orAaun alsadld Mind sl RREIHAL AHE (sets)dl Avdl Gu 2R €,
Adl gssin A 288 ARl ol dl wel (ARll-queen Al stis-worker) ol
(A5 2t 25lAd 2Le500 21214100

ofetet g1 12 (dron) 43 RS Rig2il et R
2l 28 A WA 3 AL, el 32 16
sl LRPIAL AvaL w8l €l l l
8. el R4y 32 ol vr1adl wtiplloust wrpllous-
A AR wisslu ved 316 ll l

RAu (SellRwiss) [Eo-fFaun
gl $& 8 2 [ARre aaa-dl

VR HAAdl. B Assla- CARTR $in
f
»
12

A0

Hlel

AlE@isdal dl ¥ 2 axlQeuw- @

Gl sl But K2 8 (2ugld
5.13), dxiid [dl <l 247 dell gl 5.13 : el al-Faad
WAl wal e, uid dxiid elel
w1 Wl B,
vellainl [Ra-fRau-sdl Bulf e usdl 34 0 ? oo H:el (Rus-)-l [Ror-fFaun w2
YAGLELR SIRLED Y551Y 5 SN 7




Hiel
[Riol Gedut <l
A A5
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Aol wd Ay

(uasd Hy-t)
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5.7 [agla (Mutation)

[aslet Acll weetl 8 %l WReUN DNAL 2i-s4 (sequences)4i A5(Es
oleelcl MU €9, deil WRBIM @30 Ugarl o=l U512 A AU USIRHI
wRads 2l onu 8. yrRidly Raw @l 2 2ruare Ba 8 ¥
DNAML [alqtdl aud €.

RLULAL MWL 6HL AU 5220 5, U 2214151 (charamatid)Hl
215 9412 ol 941 YH AvIdL Acicl A0 243U DNAT 21$ §ddl 2de
€14, €9, DNA vigell iy (deletion) 4l (22181 (insertion / duplication)
IR 351 N2 O 335 ={l 1oL R HiraHl 209 8. Hiedl
Hie RYEIUL Al F512 2RAUMIREL dal [AuaHdd o= 2ud 8. vl
Soipollu [AQuad 342 1L AL Zld %al HoL 8.

R Guz 244 2l 12 il (A2 DNAL 35 662 Al agd uRad u [l 32

(s1olal ol sl e

2rUIR)

42 (g fg el

uetlfad

5 uoldgld (A1HL)

Helld

6. dnl Wi+2 2o (point mutation) 58 6. 21 s+l [l el
Bersml Risa-Ae-AFMAL S, DNA-L a1 6180 Al dliu ¥ [Bagei
$4-[A52 2 (frame-shift mutations) Gcuri 52 € (U512 6 Y11).
e gl Bulakd 22l fuaagd s 8. [l
Brls AAAMRS dul GllAs SIR5L 1 WA B, drl RRIYRU UM UL
2 . urRwodl (el uwdii @l el 22 8 d awd 8.

5.8 ¢-l[As vAUMddiAL (Genetic Disorders)

WM 5.13 : wrta-dauacl yugsaomi 581 deuasil yusswn (Pedigree Analysis)

88

UL Addl

HirauHLEHL 2dlEs [@si-l did uddinl axuel 21el 2udl 8. d-l

IR Sl 3 S2ais géollHl [ARre aaeill 2AtqdBisdl Aesadnl sl
Yet: A Wl ML AR BRIl AesW0d AL YusseLsdl
AV UG, L AUR B 5 ALBUAL 918 2 2 DAL S3AUNL LA erilcts
AW WAL Wl AMa Al vedl e s o [Asew 2l 9y 9 5 @l
agRie{l 2udBisdiL Agal el Slasiadl 2eu s2UHL U, Hirtaggon
s Ul Yl A6 s qapdl Al vadl oiold deuadll yassal
(pedigree analysis) & €. dauasil yassiul daga (family tree) a3 [Qdy
aaeld el e Ugl [sausl sl 2ud 8.

Wied o={leifQenl danaoll Aeui s Herayel Gusel €l 9. Fl [Ady
AgRl, AUHI-AL 2AYAL A AU 5L HIZ GUAlRL $aUML 244 69, dauaofl
yussul Gualol daidt e AddlA 2usl 51340 ealaqni sue 8.

FUE AR UL USWAHL A0 Al 3 515 UL Awad UAS qaRL 2R
2ddl DNA Ur-il 245 stadl oflo o+ gl (REBid s 6. DNA udls
WRAl Aes © 27 4 516 waL uRdde @R s Wluidl ol WHi 2uidRd
2 . 8L, 25 WRAAA [ 3UldRBL UBL Ul el S1d . 21 U5+ YR
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[A5(d (mutation) s8cud . Heypul S2etls [A512 HAal Fal HouL © §, F-il Asiy
PR 2l F{lqdl uRad (sleald) U €ld 8.

5.8.2 H-3[&ut »RUMAdA (Mendelian Disorders)

uus Ad By AFRAFAUA 6 gaul 1ol wsi O - A3[Qu-t wFUHddl
A 2R AMHUBLAAL AR AU A B 3, Ful 516 25 w-llnl
3uidel 2adl sl . 20 Qs 24 o Bl gt Al Gld 8 -l viea
lsirl RigidiH sl 2idd 8. 2 wsR-l AU FaBdddsd
el fsciel GetgeiiA 515 géorul danasil yussat giat il asiy 9. A3y
(st Al = Geleel RulB U, RRRs sidaiRn, Risa-da G,
L, Fuda BelyRuy, A4l adi 8. 2«1l 21wl oidlad ¥33l 8 3,
AUt AFABLAAA Hetd] 2 U291 Wl 1S A% 8. F33 (UGB R A
HAL B o Aol vl dasl [ousld usl €l A3 8. A Yaure © & X-dd U%9—~
qael digs Heidl 42 Adlad und e 9. 2L duadl (pedigree)l 3yl
UM 5. 1441 ueudl vl U9~ sl gl edladiil wudd 8. duil Rias 0l
2] 53 21 B85 e [do(l-30140) Ao ageilaron dauaoll yasset-l A1 siidl.

_O

L o 1

(a) (b)

2usld 5.14 : ulasicus danacll yusswl (a) B85 uoudl aspl (Gelg : udlélHs
R2181) (b) 2[5 U9~ azel (Geleel : Risa-Aa HMFHL)

322i4dl (Colour Blindness) : il [R{dl Ao A9~ o~fl-dl will ©, ¥
Ale el dle vl sl vl 8, - uReud did 21 dla 200 wvdHl
[Fresa o 6. 2a0 Wil X 2o1ot GuR el seais o-il-ii-l [Qglan s1el ay
6. UL 2UA 8 % AL BHUIR HUAR 0.4 % HEIAUHL Hal 1A 6. vl 519 -
letl o1l il Wi2el oil-dl X-30Rl GUR 1A B, AR §5d 25 % 2 HIEL
6L X-Rot W1 8. 0l 3 % 2L %+l HAL & drl YAl 2L 24 qal 50 %
AsAAAL B, Uil Wld 0L 28 Al SR8 3 el U9 B, ieAL WA B AY b

| aal [
ONEL00d g ppoe O
XY I




aq st

el A del Hodl iadl Ueldl AHIL %Al gL eoud] sali vud
8. AL AANHL Yoll 201 28 €l el il YL dedl Hidl Ass 21
aell-t [Udt 291 2i4 €y,

(R1[z([&u1 (Haemophilia) : 211 (201 A 5[ M9~ d1-l U s AU
2 Al 8. FUL AHA Algs Hietell 145 4R Adladl di-l Feual
a1y 8. it A0L AR dlstadi-dl Bu Aol & Ful vise WElL AU
2 6. AL MIELL 25 M YUl 22 Hiot S1d 8. AL 51281 AU
A Setrtl ARHL el Al useuell wat B+ -{lsag ol ad el Ayl
Hlel (Ass) gL i [RGB RAL 0L Yollul ag Wi 8. Hietl v1Rd
lat-l Aeuadl Adad €l 8; 51280 3, 24 wst-l et Hidl ags 24
R [Ra0BRs gl ¢33 8 (¥ ay Gu Yl @(ad 2l eq). el
(aseifRui got-l dauaoll 2uan 21As [RHUBRS ARl 41adl Adidl
gld ©9; 5120 %, ALl 2L AL AU &l

Risa-Aa 2iR[a (Sickle-cell anaemia) : 21l 215 2[5 PRI Ado-
%9~ sl 8 ¥ Mguiel Al U o Uda 52 8 2uR oid gl
geflriedl dlgs €l (aal [@uayedl). i i FEste x5 % ¥+l
HbA 244 HbS 53 8. Aol qaell »1e2 Aot Fr-tiatdusia]l st HbS
(HbS HbS)aou a4yl eu(saiinl evid 8. [Anyuyodl (HbA HbS) ulsd
AdSd Gl V. U o AL Ass €l 8. [Agd w={l-t Al Glararsdl
Aoudrl 50 % 1 8 (sl 5.15). 20 (s s1281 [RHweloll 21l

~GAG-
UM Hb (A) %+l .crc-

mRNA ~GAG mRNA ~GUG

HbA Welss HbS WreLds

2u5a 5.15 : sl olaRu-L dul [Ralodioflsil B givieiel ot oot Bl ARl e~
24140 (micrograph) (a) A1 lEauiel (b) Risa-Ad AL Y21l AEauidl



AR5l 24 Bl Rugidl

B ocllBiet giviciel 981 s¥UL e ARMARARLS 0gq21Bis RS (Glu)d deud (Val)
gL g2 2dld 8. el WAL ARAARL 20 eueons] B oclillbinL 951 Addul
GAGU 2 GUG gL €2 ddi-l 5122 0 8. ot ilsuoyetell Rall [Qgd
[Riodlofl 2840 olgellsrel 4G U © i dldledl 51380 RBCHL [Raidaiiol 2812
oedlSl eldsl (sickle) 251+l 48 9d 8 (2usla 5.15).

Buda (B2i-yRul (Phenylketonuria) : 21 %=Hod 2duas vl vl B85 s~
agi-l ¥4 wiqdRisdl ld 8. A2rd @AlEani Brudd Ad-la Al AR-RREA
21401 2 PARLSHE 3uicRBL 5341 M2 %37 Blsl Glaiu A oy &, uReuH @3d
Bruda Adsild AsBid adl 28 S e Bruda wayfas 2R dal 21 ey 344
8. -l wsllsedl HiAles oS sudl 2y 9. LS g 240 e W] d
AUl 3ot AU B WA 8.

AAAMMAU (Thalassemia) : 2 UBL Ais B85-Acd U9~ ~{l-iell adl AR 8. d
[ug2iaiell Aaladl 5 2uR ol (gl Bviuss diss o+l (vaar [Qweyel)-
dgrt Sl €ld. L AU ddld SR8 (sl vaar g2 ad e 2unil wReunm
[Riedioflrel Fuiemi quatdl a3 d 215 aciollarll Aisor (00244 B Uuisull )L Asdnemi
g2l 8. 2 51281 [RHoeollenAl 201 2080 Fulel Wi 8 ¥ uReud AFHUL
w8, ¥ AWl daRl 8. [Bxodloll 2081l 56 AlsN 25l B dnl 2R AAAR UL
aols2a 530 s B, ‘o AdARAAL ‘o ddllofl Aisue Gulet AAdl B, 2R B’
AGARAL B 2eloll isue Getlert 2Rsdl 8. ‘o AGARL A 6 wsell Asdal
Aot o+{l-ll HBAI il HBA2 ¥ % £35 (Ugril 16ML 321421 GUR Udd 8 d-ll &Il
FeiBid €l 8 2 d 28 5 AR o-l-miell ay w4l (@l 2aan g2 s 518
Al 1AL 8. FH Ay oell-ll AR5l dH O (Hest) ool R Geutest 2. wUIR
‘B’ AL w5 ol HBB 5 % €35 [Ugtl 11341 2013421 G 2Ude €9 dril gl RaBid
A O v d As vudl o Bs Bl [@Agl a2 sl 5181 A 1AL 6.
AdAMUL, Risaua MG E] a0 © FHl 200UGUML deisllAdl xA-LAL A2AuRL-]
HIsllcis (quantitatively) A+l 8, w13 olleHi B2l L 518 sl dcioll-nl AsAugi-]
SIS (qualitatively) AHRL 8,

5.8.3 i%%i.}ﬂq w[RURddl (Chromosomal disorders)

25 Ul a3 DRI SRl vadl 35 Al QIR AL 2041 dlsag(lell
R AHAFAUL WL 8.

st-facuortel A PRYBLstzAlg (AL A adel $18L PRPIHL at1Rl § 8218l
4 oAu B ¥ AYPISI (aneuploidy) 5& 8. Gereel ddld 214 Al LREIHL
AHIRAAL 215 REIAL S8 $1GA Rl i 8. adl o Ad 21y X212t dHiddlL
5120 Wil e Riedld i 9. Au-fReugedl sicudal ugl sru Qe
(cytokinesis) =i @il 5129 AHL oRPIT 20 1 Al 2y & ¥ Welellddl
(polyploidy) 5& 6. il vidal dudvliil Youd Adl i 8.

~
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ol A4 Wil ouoL — | w e |

SudlaAl’
sl audlal

Bl 8941 YR ElEﬂ./"/l N—

apa st

S {lA Aud A i |
. i s B

[t ' 4 .

ONHE 2R '§ 16 ACRR

adlaiall e . -

{ _ 71 T {:lfi W

.I \ °6"'“.%".(1. &Eq.' [ "
s U6l Bd Al

2150 5.16 : 2ilet 25l FHi Al 161 Ridlnell AU B 2 d
4 (Bartl 23U R el 2udd B

J () 25 58 il ey
Gla 56l A [Asfud el
asell

w{lAi aaell

5A 5.17 : sl ol orpll-L siwee
$18L Beuret adl s
sy miBd M3usl (a)
selldrdez Riii (b) ez Rindln

el g DREIHL AvAL 46 (23 A8) B. dnidl 22 % elds
IR S4B i A5 A8 [oll LR SlU B, sURS-5U18 A5l
Rt 25 atRil s GHRAS U B wudl 54135 WRPIAL 28
Asedl He W3 8. i RALAAA $121: 221R42] 2l (trisomy) wtaal
H{iARIM (monosomy) sealHil 214 69, viicll RALAAL 12 u[5axi
sla{lz 2oL usf 0y 8. IR UFAUBLddinl A1HY, GelgWL G-
Rigiz, 22 Rt sl 3 Rigis a9k 8.
318 - H (Down’s Syndrome) : i 24dRls FABiddL
2l 51280 2141 PVREAHL (21 21) 218 ariu 2142 G3R1ad
8. 2 vl Aluan agld 186641 AwLért UG+ (Langdon Down)
QstlFs gl s U e, AU Al &4 € i ool Wy
g1d 8. viAysd [Ruaell oo i 8 wud Yo iR wd 8
(2uslat 5.16). aoll ugloll 44 cwalds adlatiall gl 8. wRs,
WARLs Medl (psychomotor) 2l WiARs (s JAEL Sld 8.

s el [-i{"ill-l (Klinefelter’s Syndrome) : il Qﬂl'jaci[il&
(512 51201 318 ARl X421 8. ¥+l $1R81 Jalleisuml 47, XXY
DREIL A AU B, vudl lzd Ayel Ad Y € B uig Helsi
Aasell (Rd--l @5, vied 3 veuldsfid d--gynaecomastic) Ul
st dd O (2usld 5.17 a). 2l Al de €y 8.

21l E-l",{l‘-l (Turner’s Syndrome) : 1l U512+l [el!sl%i 5181 A%
X-201Rotl 21268193 8. 2d ¥ 45 Iyl FHi XO Rl 2udl 22(l
dey €l 9. 543 U veulasfid ¢ld O GUld e qael Fal
3 Rclly ol ondly @aei-l veua i 8 (dusld 5.17 b).



ARl 2 Bl Risicl (\

ARIA

ge{l-ifden @aldsud-dl x1 Wl & ¥ idllls Al 2 Rigidiqdl sAeu 52 9. A
dzd 9 3 Adl Uididl gl A sualsR 2 elRs aselHl Hodl 21d § %68 25
afsu-laie 2 2sfd 4 ed. 2 el AaR3d weqR A0 ALMAY
Qsls Wi odl. a2l il [Emeul aasi-l suddlisda wsely
AYAAAL HeURA S2cll Hs@ Rugicdld w2 541 F 2% Arsetrtl 24 Risle
Fraiell 2iovna 8. avia YRd s34 3 agvd Rad s s1s (weslell ol -un
§WY) FHL Al HOL B F A sl 2l d2ll Ay § Adladl daeil-l
a5 nam Wl (F)), Rl Wl (F,) da vl Uglpiini 2is Flad usk au o,
Sedls qarl iy GuR ueudl gin 8. ueudl aasiql AlMels AR o wd 8 R
5125 [yl RAAML 2ndel €l (Mepdi-l Fas). sR w9~ daril-l Ml
ot uxyedl RAMME o Wy B, qael saky vyl Rafadl MBid adi -4l
ux9~t a5 ¥ [Auuyodl Rall wuldielsa ol ealad o vyl Ralka
Mesd A 8. i, w2l B auid aaell [@sdue Wi 8 ([Rsdyeil Fax).

ol o @aell drdlds Ad uoidl saladl ol Jedis aasil 2»yel ueldl dul
Jedls A-UGLdL uRL el 8. uR A=A 6 A qaei-l qdRisail s e sul
AR Al H & 5125 Yoo Ld adusll WA 6 2 2L ol o sHAAL A AL
Y W B (s aduell-l Fun). [ARY us-L @y [Bsed Agilis Ad yAe
%Al edldail 2ud 8. PRPL U RAd 515 (AR o) ¥ aariy Fud
530 dd o+l UsR s€ © A 2Rs (WIARS) wudl wilGiUsd daLid €3u
USIR sAMl 2 B,

U ARSI U 4G 5 il VRPEIAHL R €l 8 AR sl Rl A
w4581 elhul datainl JayolidlL [xduel (segregation) 2 ag el
(assortment) 422 Agiolt @MU &S Azl As@rll FAM AR ddl d 2l
RYAY Ale Ly iloviial qodl, wedl viie el § o g+l w1 o LIRLUR 2ddl
€l dl Al Yo [yl Fus 0l usdl el suar @l asaed o+l
SEAML 1AL, A ADs ddl {lll 25 W aguLll (assort) WU B e €2
gl %{l-l Yet: AL 518 A Ad adAy B, <l s, AR s ¥
3oRpAHE RAA %+l dlsagil-l Aoy sauld B

s el QoL A AsudAal Gld © F RidL Asld {l-l 56 8. ol ld
(MR vl MEL)ML PR 25 P SsAMUA 1Y . FUR ol 7 [t Gl B, F oi
ARML [t €ld B dn (o]l PRI sdad © R ousl-l oflo PRL gaA 2lRs
20142 8L 21U B, ALY HIEML 22 A8 B85 LRI 1A s A Rid 3wyt
(XX) €11 8. w12 441 8[R8 2RI 22 A8 27 248 % [Ridll 1ot XY €y 9.
WRE(lUL AUl [&oll 22 ZZ dal el ZW gl 8.

Felletgedl dcl $3812+ [Aslc 58 ©. DNA-L 3ot 215 %8 ASHHL AL $2§12+

Widee e ¢ 8. Risa-dd ARG Ao [Rudiolla-dl B-gviald uiddq
sa1a10l Fe{loiedl s ASRUL $81R daie]l Ay &, 2idls [Aglaq xew dauaoll




S .

10.
11.
12.

13.

14.
15.
16.

aa st

yaussel otidld 53 asiy 8. seells [Qgld Aaxu wPREL gad oedl i &
(polyploidy) 1al Fo1allL Guyal eedld 3R & (aneuploidy). HHidRs [@As(aii-
BuRadsl 2 AHFAUHL ASAAL HA B, G Ri-giH Aald 5181 2131 21yt
2140 8. 2@ 5 s Al 2242 21340 2 el {6 el 1AL vl 47 A
B, el RfHii s X-3oRpotdl el dla 8. 21l [Fafl o1l XO U nu 8,
sadded RmHml XXY viaral MERLd 2 8. 2 3ulaidusl e vyl axadel
AU WS B,

WYY

Hrded gL A21BLAL 917 MAUIOL HIZ UAED(l Sl M2l Lol Rl

fAul Gle ure 53U

(a) uodl 2AA M9~

(b) uuyedl 2 [yl

(c) s 2 (25w

515 (2514 a2 4 2l 2 [Quxyedl 8, dl s2al UsRHL ¥yl Bt 530 asal ?
ASWIAL GuAlaL 530 wetcll [Ray wxeadl.

sULZ] A5l VUL A JUIML AL

25 % el 2ol auyodl Hiel 2 [yl 4 Aswel i way Adld WEl-u
34 UsIR [AdRe yde AR oiidld RER 532
Gl e91s low oflranon (TtYy)<d, 2us2 Gl 918 dlay ol (Tryy) ud sauel
Aol Sal usi-Al a3y UsR 4uddl Adlasdl 2080 Avl sy
(a) Gl 214 dlen

(b) il 2t dlen

ol [Quuyoall [Ugel wRgdd sal 2l A il 6L 220l Agdo 8, dl [Rism
WAl F, UGl 2a3u ustetl aaeld Qe sy sl ?

ogeflrifaenmi A2, HioldslL dloteln AlRdHi qeldl.
danasil yussel 4 6 7 21 yasswl dl Ad Guddll 8. [Ruwsll .
el (or-(aud 3dl A a6 ?

(Riad BR7a O 6. Ml YBgA A 2 Wdld YBRyA B 6. [gaii-it -l usi-l
w53 2 21 Adladi Asfad el usiel sl wd s

AL Aoeir Gelewl Al A1l :

(a) ue-usuladl

(b) 21yel ueidl

Widwe 2art 4 8 7 Gelgt AR uxndl.

i fisidl 340l e 518 i sal ?

5165 Rl 6L o{lAs AUBLAdAL Al @gsl AR Gedw 5.




USWL 6

suuelsaril 2ulRay 2uHR
(Molecular Basis of Inheritance)

6.1 DNA

6.2  w-ilrigey el uly
6.3 RNA [q#u

6.4 @YY

6.5 HAs/rdvi
6.6 ol dsa

6.7 CUNIAREL

6.8 ol 2léioulsaar
[R44-

6.9 @4t @iy UIFse
6.10 DNA BarlulZa

2UGHAL UERAHL A AdBLs olldL F-lFs 2012 A8 AHeu sl
Arsel(Mendel)tl AHAHL S151 5 % Uuelfs cudd st 52 8 d-u
[l 51 urectt t el 2l il ussl Al weilriged (edBls gen )il
vlE Bl 5 M2l ML Al 2L widds e DNA-
Ratl[suRelly(sess GRS 8. €L XML dil edi 53 Ysul 61 5,
lsass RS lsaaiiad sl Wenr 8.

-

Flas doliul 6 usiAl ylsads 2R Al wad &, %A 5
RutiBRuRol-4 5185 RS (DNA) 2 Rolly[2485 RS (RNA).
Hi2l oLl Al DNA 2idls st ddly ad 9. Jedls sl
d(As g 2030 RNA %idl 40 8, 9l d Hie eudl dedlss dily
514 52 O, RNAAL 214 5141 42l €14 8, A 2Asas1R5, AAUHS A
Jeclls UMM GRS g, a3 el 514 53 9. ad HiRel XIHi
lsapiiedgu-dl AL dul 2L AR 250 ANSA y[5uds
RS ULRMR oirtale(l Teeil 101 53 45AL 91 L USWIHL HIUEL
DNA- 223, dsi a4, DNAUdl RNA< [Fale (ucais-),
opeflet A3 3 F WAL ABAARLAL 4L s8] 53 9 A dal Wl
AsANERL (GUMIdRRL) A dil (R snafs 2umi [ 22l 59
Beadl eAsML W ¥+l Age (human genome)Hi =y[5ail2t -l
wel suel (aleell BreiPistinl -al 3oidl agaid uf. 2 use-l
VildH ML g DAl AsHAL 2UAsdl ddl d-l wReuHl
(consequences) ERRCTE NPT Q:llai; .




.

SEIEEIR]

21l A8l Al udal 22All A3zd F[As driimi Adl Howdl AaAlBS _~uue 219,
DNA-{ 222011l 24021242l 53024, 24200011 GLIHL AL A AUl Haet 5319 &,
U 21 (DNA) [ya sl el Hong o «{UFs sed © i dll RNA 18 9 el 8 ?

6.1 DNA

DNA i B2Alfsu ety 5120215 4L aiell Wiz 8. DNAL des dui sl wadi
Y[suilatd4 (aal ylsaied il Asn s A A ald u Gedvuy 8)-l
vl Horol AARid 53 wsd 8. ¥ Aarl clalBsdl usL 8. Gele dls siseRyEn
O X 174 5386 4[5a21121844 B B, 61523211535 AL 48,502 615 A (bp), SAUAAL
S\ (Escherichia Coli) 4.6 X 100 bp d% M d-il 215514 DNAUL 3.3 X 10% bp
H2AQ 8. AlE], U8 1L aioil WMl A 2l 530,

6.1.1 Wlaylsax021638 guadl du-L (Structure of Polynucleotide
Chain)

widl, 28l Wil (Faaiiags gudl (DNA sadl RNA)HL iuaRs 2214
AR we 53, Yl5aaiiads o1aL 4esl 1A 8§ ¢ sl 6y, Udly AU
(RNAUL (ol 214 DNAUL RFUR00R) in 51252 Y. UGt 615 6L UsIR-AL
€l 8 - R (A3l 2t vauedlnl) dny RRERA (RudelfRin, yRild 2 wxl).
AR DNA dd RNA iqidl dal 1oL 8 i iyl DNAML %lal A 8. w412
RNA#L 23l 22 34320e gl 1oL 8. s it 61 Uedlos ASAAL U4 (1°) C
(5161) L —OH ¥ WA N-dalusiRBs oit g1t As Eaaiiugs oeid 8,
A3 BRARUS 2l RAUBHARARUS A, i 2aal RatiFHoar-ias-,
ASRRA 2l RAUEHAERRA 2 YARA 2l RaAUZRAHIRA. 3R 5182
AN 181 64 gl Y[FUHAGEAL UAHL (57) CAU-OH A4 Ad AsA 6
QLR Ao B850 (RpUERYFAMIRIEU FAl AR S1%R UEAL USR UR
el B) Fulel a8, 6 Ylsaviiady 3'-5 s181514212 6id gL ALSA
syfEalias s Falen 53 8. 2u Ad 21iva YFuias s A Uy EaleLss
guiald Falel 53 8. 20 usd B WHR-AL a8 57 931 U Ysd side
Wi Gl B, ¥ Wiy [saileds dualdl 57 94 58 9. 2 % Ad Wil ofla
931 U A5AAL o (37) Cell sl A F —OH A 44 8, F Wy 5aiiass
guardl 37 84 s& 8. WlyFa218s el »uHR (backbone)d FleL a5

5’ 5182
3" edgilsua

é}ﬁ . g )
yéﬁOH

5ld 6.1 : Wlawy[Baiieds gual

O-I

I



RSl 2ulEad 1R

i $1282 gl €Y B, U2 LS9 WSAAL DL A BAL S1U 8, ¥ il Gluail
24 8 (2usld 6.1).

RNAHL UcAs A4 Md y[5a2iietss, Rollosril 27 22t W s aiiald -OH %4
qud 8. RNAYL wadl (5-Prauda yladla 2wl ofly auals )«
CERIER R R ETICTV 2 )

AU $3Rs (a3 (Friedrich Mischer) 186941 sitbwsui 2Adl Hudi 2A[RRs
ugld dly DNA-] 2o 530, dadlal ds) i ‘qsds«’ (Nuclein) 210, A3 2uidl
aioll WM sl waleiiinl sRE Aaollsa 529 3aba e el W2 v diol
A Yl DNAHL 20221 (A9 22 85l w4 asl 8. WRx [l win
AARLS Frs(ant gL A 1A x-ray [@adst-l qulEdl 2083 195341 F34 died-
2 sl B3 DNA-L 23 w0 uiq uvad (wslld) cdadl gaana
(double helix) 24-1l 41dd Hisd 2% 54, Al angdlul ol Wl=ylsaiieids
givteiicl a2 2l Ao A W slold gdl. Guisd dladl faamu DNA-] 1yl
6l wR0us (Erwin Chargaff)i 2icdls-ldl AR UBL sl FUi d2lla weue 3
A3 2 Al da sl 2 WAl a4 wwe 220 2 selond
AL 28 B,

SR-A812L Ulfy[suaiialds guadin w15 AR AlaBisdl Hél 9. 2L sinq
wsellndl Y5 sdad © Aedl W s guieudl eal AdasH [l sl %l ¢in
dl ofle guanl ed An Uy w53 wslad wlal. adl Al DNA
(el d- [ug DNA s€lai)-l ucls guial «dl guan- asdue e ulagle
(template)i 514 53 dl 21 Ad Aadl faand DNA (¥ ol DNA 58 ©)4 il
Yy B 5 g [Ug DNA %9 % 26lgel €1y 8. 2L 51321l DNA-L -l #<1[s
AR Bl e A,

DNA-L cladl §dany -l Hou viRiadl A 3o 8 :

() Oy guabile siid €ld B, -l 2R AsA-s1RE2xl ole

Sl O A AO2Y 6152 ieril ds Gludl 2ida (alid uda) €lu 9.
(i) ol guall Wl ARdR Yadt 4 8. 2qed § 2wAs guanddl yadl
5%l 3” s €ld dl ol guardl gadl 374l 57 drs €l 8.

(i) ol griei- ody sollon WA g1gir-oid (H-6l4) gL AN 66 AL
(bp-base pair) o-ild 8. [A3g grictzil-l A3+ 214wl iselln w0
ol 191t oitgl s 8. Adl % A daleld v WHRA A8 H-oiY
a3 AL € B, Fll s0RA3L YRl A Rl RRMRA 214 8. d-uel
sl oA ol a2d qaLeol AL 2idR wadls 8 8 (usld 6.2).

(iv) ol griciil w483 dd (right-handed fashion) Wid €l 8. Fddrl dd
(pitch) 3.4 nm (s lHlex s {2l 10 sA4L M1l 2Hed & 1070 Hle:
F2dl) €U © el drdl NS dANisHl 10 bp 2l 1A 9. wREuM @3U 218
gaddl ol s[5 A8 a2l 2d qaLedL 0.34 nm ¥4, €l 8,

97



adsii

wi5ld 6.2 : Gladl faanu Wiy Favileds gual

(V) Gladl Sadml s 68 s Gur
ol RAA €l 8. ayul e1dflwt

O — olfl Y8l Ay WAL el
Aefld el Melt 52 8 (Mgl 6.3).

YR 21 ARARBA] Weaics ga
e — seal, Y a¥ weudl sl 9l 5 DNAHL o

sl AR yilgrylsaziards yuar adg »Hdr @U@l

o 3 7

wia Skd2 Al 34 6 ¢ ]
2412 (backbone) DNA- 6ladl gaans dast{l augdl 24

asll (s AR unnaa- amdL silasis
ol 8. did % siAA B3 wera (walid)
ueudl (central dogma)il [AUR U sul
el e A 8, ey Al uae
DNA — RNA — - dRs €l 6.

25(d 6.3 : DNA- 6ladl dausiz 2axul

EDLEE

WISTER] CIRTREL] .
DNA ———— > mRNA ——— Ui
|

ey (Malid) ueudl (central dogma)



LA RscleAl 2uleau 2HR

Seals AR Guisd wats [Qudld Rl el €la 8. 9 dit 2
UsH M2 A5 AR Al Aes wudl wst ol ?

6.1.2 DNA §dd- us[¥a1 (Packaging of DNA Helix)

o s A9 sl 92 2id 0.34 nm (0.34 X 109m) 4> 214 A
ALY AR A 5L Bladl Gaamy AL Hlddl DNA] dowsS
ol (ge A AL Avaud 6 WAWRL AH1de AL 2R+l 2RISR
530 2128 % 6.6 X 109 bp X 0.34 X 10"9m/bp) cll d &3 2.2 m 4.
2L dolls s Ay singvsddl doitsS (FUaR 100m) sl ol o ay
sEald. UURIA Ut 2 5 5ol dd viedl dioll UildH (DNA) siuHl
aHare aul el ?

9 E. coli DNA-l doutef 1.36 mm €14, dl a4 E. coli %i 2d¢
oo Asd il usaul ?

RSl g 5 6. sl (E. coli)™l YR siudrudl 2ieud
Sld B, dd 9di wal DNA d-L sivul yaizld 3aidd €ld -l DNA
(w21 dlgeulRa) seads Uil (dndlareulRd) e AS s %oul
U 2fd wd 8 A YBAIS8 (nucleoid) 58 V. 4[FaLSsuL
DNA 42l 54 (loop) @3U 2wdU¥d €ld 8 A sd> WA @
Al €l 6.

YsuSdl ADAAUL ML 2 A e ¥ ¥Ra gld 8. dul
gricflatRa WA uHs 20dal du 8 ¥4 B2l s 8. dlyeulRd
wagival Al AMARIR cgasdl (abundance)d IR 1L
WA iz it 52 8. [R2i WAl Al At uel 2iesely
ARAARS ddild 2 2% 2ddl € 8. FHL ol Al
PR gl U2 ddlyeiz G 8. Rl 218 Al
AABA U [R2i4 lis21MR (histone octamer) 58 8. ¢d B8l
dlosatiRd DNA dedloyaiRa 82214 aisez ad [Heousa & -l
otld B anl Y[EPAH (nucleosome) 5& O (25l 6.4 a). As
s st DNA gadsdl 200 bp Hd 8. Slusul 2udeal
2l 2R YEapiliR Yualid 254 SI3RA (chromatin) $¢
8. % Sudegul el Fell 20 AL Q30 Al 1AL B, SAsZA
WOSRSM (EM)ML Al $IHRAHL 2udel 4[5l i1l uldeal
HeLsl gal evid 8 (2usld 6.4 b).

dgilas Ad dxat sl ad seal qeusidl (Yl5a211085%4 )]
s1w204] seu- 520 usl el ?

SIARAHL 21ddL 114l uRldal HRustL (beads-on-string) €% 44
AARA wSA SIARA dgill A 8, ¥ slulacus--l cuy-taal eBunm
Y, o[AoHY e AR A 2o1yotrl AL 52 9. 62U (R SIH[RAL
Us0foL w2 amiidl midl- Aedl 32 W3 8 ¥4 wyls d

DNA H, &2
(REE T
52U
Ls )

~

(R2i 2l WU @12l

2w5(A 6.4 (a) : 45N

wgla 6.4(b) : EM sl : €104
YAAAL HBLSL
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Al-[R220 SHAUG (NHC) WA 58 8. cla®is Skl SR Yedls
[ iR Ad slsa & (2l 20[@3Prd) ¥ Ysul (euchromatin) ¢ 8.
% SR 2ug Jd dlsddl €l 2 A wRERrd Ul €ld dq [R2ASALA
(heterochromatin) $& 6. 35124 uculs W2 uly sl 8 wuR
[R2RAsARA M3 ©.

6.2 %-liged W2+l WY (The Search for Genetic Material)

PaR gl Al iy 2 A gL 2qdRisail Rigididl auydl @otenl 2is
% AHA AUS €lal 9l ol AHA Wl 2 Rig diw stid 4 s 3, DNA 2didlils
e 2a3U 514 53 B, +lls 2udRisarl Bulal 3dl Ad wu 8 d-d g4 1926
ALl 2[R 2R A, R s, AleRR A, WHA §r2 Hdle AH ey ol
ARSI Y alltel U2 e &S o1 3, Hlel ouatel SINAL SNGwwil 3011l Al
HAL 8. uId A UsAel ot Holl wsdl AR F didadl sul ARy ALqellls s 9.
Qll'ldi'eui«l Rigia (Transforming Principle)
192841 3425 BBy ﬁ'@lﬁ&'& ﬂ‘-ﬂ*ﬂ. - Streptococcus pneumoniae (6152341 % %
QLHURAL AR FAUAER 8) AL Aellolg Mol tlse[Ra1Ml ddl AHsIRS 3uidetsl
g2elell ALl WL Scll. dMel MAPL eHAA Deid (Gi52R41 )AL elllis @3uHl wRad-
2y ed.
213 RIS YA (~ulsis) GiseRul e W@e uR 9ls 53 8 Al dedls
{2l A5l Sl aaed (S) 2uR Jeas vreAd dred (R)d MHia 52 8. 2ud
qal 51281 S 326 (S AN) clsRuAl =A% (WUAAZASLU )L AR €l D FUR
R 264 20d €l el 2012 Geart S 8 (B) 4 AuIRd 52Ul Al AR
QUL Auedl d Yy el uRL Gead R 326 Al SRUMA 5L Ul AR
Al i adl (8.
Syt 5 Gedul vdAue 5 (Ger Yoy weAL
RS o Gedl vid:avwar 5 Ge: @dd 28l
BuBA siseRautq 2124 s34 Y sul. Al Ay 3 oM sl Yol S R iRl
Genl elia sauacil Geasg Yoy « 4y, 2R ddl Rl Yd s3d S R i Ddd
R 326+ (el Geanl eia 54, dl Gex Yoy wisl. aydl, AL yd Gedidl diia
@dd S ois2[RulL M sul.
St — 5 Genl vidAurl — Ge: »dd Wl
(o13ledl ¥ s394
S o
(or3lell 3y sA4)
+ — Gewi vidAua 5 (el 3y el
R 36
(wdd)
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(BuBA ke s1e %, R 6 oiselRan 516 umL dd 2+l yd sdd S
26 652l g1 3uldlRd (transformed) 2y 8. JuidRR [Rgid, 51655
FULAdRRL da & o oMl yd S Sl R O4ML eldRd i 8. dal
R 26l WfaAdAs R 20z Rl 53 a3 8 Fuel d 3 el onn
6. %~{l[75 goued 3ulael daell % w3 oty €ld BSA. A Aol Mol vl
s geuedl FauuaRs uslt @ v sudl asdl 9l
FuidRd Rigiag FauafBs airells@s (Biochemical Characterisation
of Transforming Principe)
vilaies a3, st Aslaiis 21 Asell Ass12l (1933-44)r1 514 udal Ad
Ui Yad eq 5, 20qdRls et 1A 6. BilBaqi udloil 20412 FuidRd
Rugic’ (transforming principle)-{l Faiuus usle A58l s daiian 51 53,

oMl yd S st Ylesd FaRauel (M, DNA, RNA adi2 )l
Aol 2 iy 5, daidl 53 st @dd R S S S 3UidR 3 6. dailal
2 Wl 5123 35, S elselRuid DNA 2is¢ % R siseRaut 3uidlRd 3 a3 6.

Al 2 opletd-l st Al 53 &, Wl wad s GRias (3Lsoflu)
2l RNA Wit 52l BRlas (RNases) 4L 3ULAREIL UR AR sl 9l edl
HI2 3UidRd WHdl yeld Wid- 5 RNA gl. DNase gL wasel »1 34idwt
UGUL AU 9, il 242 AU 9 5 DNA 3UldR8L HIZ FUALIR €9, d-tel
Al iRl 2 &, DNA o+{ll g 89, uig 2L ouoiddl ol o @aldsultst
ALHA - .

g ad [QuRl usl ¢l 5 DNAs »-i DNase 4% $1¢ clg & 7

6.2.1 DNA %-ll1sd & (The Genetic Material is DNA)

DNA U-dlls g 6 del [ qaue abidl 2uess sall 2t al A9
(1952)tL MaloL uell i as. ¥l 2L At U s 54 3, % ciseRauuq
AUAR 53 B F 6L5LRAUZY 58 V.

oi52RAUIFN ¥ 6L52RUL A8 AR B 2, lclle wellriged oisRU eie
528, 6152[Rud S1M AU UARLs gt Wl 44w & 8 it d-iell 2u01a
et w5 AR s Fulel w8, cis2Ruml dudumia] 1A adl DNA
uAA B o el W2 eall 2 ASH uaet sl

Al Sedls arsun ARARAG2A SR8 S HUHHL BRUL 2 Jeasn
WalnifFza uessd Wwdl GBal. ¥ Al WalsiEea i85
WML G2 sl gl Al ARAE2A DNA sl 1o, uiq AR4i524 30
L 8, 5129 5 DNAML 512634 €11 gL MLl €l tell. idl o 2 o awdquedl
WAfFea uessd AHHL 6B sul edl, dui ARURIGza 1WA




/) 29a (sl

¢d AR5z DNA [¥; 5121 3, DNA ues: ldd el

ed AAA(52a 339 S, Sl (E coli) 6is2RU1 018 Aledl sl LAl AR
6lle ¥H AL (infection) N Al 6 dx 6A~sul geaa]l AR 2R
sis2RuHil 2edlL A oy 9. AlBsyoml 3l AL seiA, os2Rumid]
g2 53 wsly B,

% 6is2RuL A3URAE2A DNAALW cusuell A5 24l sl d ARG
28l el e 9 3 % gy il Sis2RUMHL UAd © d DNA 8, % 6is23ul
el Al AsBd sdl Fui AU WA e d AU <AL 6. 2-ud]
W Asd 1A S F, arSuniell elseRuM M nAw s el 2 519 vy
%4 DNA % 8 ¥ atsruuiell siseRaml uad 8 (2usl 6.5).

‘fi.:;?a[ifﬂ 5% EIRSIEM 2]
2[3014»{[3?&.:{ (32P) g1l ¥il3d

(358) gL »ilBd DNA
WA sa

0, o 7,

i
| / I /"~ 1.¥s4e (Infection)

% ﬂ ép 2. &i[3L (Blending)

'

jL 3. AlzgydAA (Centrigugation)
-l )
PETRE RO 2] P 'i[llﬁb‘t[&?q
Q&)Q (%) Al uw Al (?P) Al 1y
i 72
k. ['\'lcl\l:Q (supernatantl | (Hq12 (supernatant)di < <
WlaAlsza (38) Al 4| YRewiGa Rl 1o 1

215 6.5 : sall 247 AdArl wailol

6.2.2 %lltgeu- AuHL (DNA (436 RNA) [Properties of Genetic
Material (DNA versus RNA)]|

UGl 2l well A e B 3, WA [A36 DNA 923 % wdls seud adq
(e sdl o sd Fuaisudl eall 24 ASA-UL uallol uel GIals 2l ¢4 2 uduy
4 254 © 5, DNA s g 2a30 514 52 8. A3 AR usl 31 2w ay 3,
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Y ~ NN

sedls AlSUHUL RNA #-ildged 9 (FH5 Belelwl : 2i6isl HBds aidw, QB
SseRAlFS A31). 32dls Maeldl %alel Hiudll © Fdl 3, 2l 12 DNA yel ueidl
s gt B, 2u1 RNA dedlss A ArsansiRs Fai Ay sl 82 8. d oin
Y55 GRS Al 0B AL Ge Byl B,

4 a4 DNA -1 RNA 9% o u14lRs dle ooud] usl el ?

% 28] (1Al HUE ANl €l d o Yeflriged a3 adl 4b :

() o W <l % ulagld (replication) titiaciml u&H gldl A,

(i) o AR Ad 2 2AAHS D 2014] €l ASH.

(i) Gelasin He w33 {1l 338120 (mutation) Hedl ds Yl wdl 2% dq €ld

AN,

(iv) “A3(due qai’dl 3udl d Wdidl ond 21 Besd 28 asd $ld Al

A 16 615D NS A Y5l Riglaed iul Avild udlaw 52 69 R d Aal
Hdl & ol y(ses RS (DNA 241 RNA) L (84 (duplication) dai-l &4dl Hud
0. AW dAUL 2y AR FHE UL GURAL HIUESA YEl 5L HIS 2AuUSUL 69,

widlBs verd edl 2 ldl WS 3, warasl QRN vaull, GHR vadal
-l WRS Barui uRad- udl 9di w2t ai 516 uRad- aq A AR, 2u-dlis
gt 21l ug] A el geurtl AsHinL R B % RuBadl ‘Fuidrel Rigia’dl 2ue 8, 3l
Rl GiseRale Yoy U Nd B uig wiqdRis sl Seats oyl 4 4 Asdl <l
DNA-~L 4R3gY uell 9 dld 413 A A4 sl 2 5, DNA] 6in dvieisil viso{lonsdl
Y €l 9. iz aRMlYl ofd gudlpild wddl sAMl wid 8, A’
Yoy yRRAM vaadl d 2isello w18 A0S nd 8. aoll RNA-UL UAs ~y[s4aiiads ur
2’-OH Ulct Butella A3 oal 3oL 6, 21 d RNA A 2[R3R dal a0l [Qaled 2y dg
oilld ©9. BUH RNA Girsly (Gelusla) ddls ust 20y 2 »uel d uli Baiglla ol
RNA-{l U8 DNA 104[RBLs ¢ [t 29l AU i 8- 2ol ay el €lu 8. 2
5180 ol 4565 ARsHIA DNA a4 0131 s ueld (material) 8.

ARda™i DNAML y2{lax 22 il glatell dal ay 2aedla ud a8, (s
(a3l [gd 2l W2 d DNAMUL adl AHRS1H - Repair in DNA (43 a4%q ugdl 211
ddl 24l uBAL [ G2 aolial e 529l).

6i1 DNA i1l RNA (45l wl 4% 8. dizdadl RNA 2120l dxy sl [Qgd
o 89, WRRUM 23U RNA @-H 2 25l @aniaiald yiadl aid sl [@Asia v
[agla wa 8.

WLELA A2QuRL M2 RNA (4L o i5d 30 0% 9, el d A0diel]l qael x4 [Mesd
53 05 69, A5 DNA- Ul AsAu8L 312 RNA U2 212 Avidl U3 68, Wl qsaui-]
ol o Rl RNA 2iddld [RsRid w9, Gudsd 211 eld 9 &, RNA - DNA 6l
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wellriged % 514 530 A3 O, uig DNA aid el 219y dlanell o+{\xs Wlddl-u
Aus We ay wiedlluat 8. w5 Hledll aide 1e RNA ay qdloy 6.

6.3 RNA [@ (RNA World)

ydadl 224l uell As usd Gaurt Ay 3, waH 2idRls s 54 0 7 Al
Belasiuil WAL del (A3 [ARgd 23U asi sl 2udd 8. uid AlBnani deais
dzil dul Herdd wel Aissy GaeR s

2500 6.6 1 izt 2 B wd3leoud
DNA <oeirt Hidd

RNA 1214 2R 5o 6. A voL walltd usiaml
Yl 8 5 @ad-dl vids Busl (FHE Ay,
aUidR, %istelsdi-splicing <93) RNA vidold [Qs1 Wit
8. RNA 2i4dlls gl -0 25 6alRs 8 (¥(as
daul 3eddls el eyl FauAuUBLs uBU S %
RNA BcR5 gl2L GAR 53l 21 6 214 el Gasi
il 516 dloteldt AAel). Ui RNA Galas+l a3uyi uld
Bl gl 2l 8. 21 51222 RNA-AL A0S
Uil DNA-L Geoia 24l =il o ay 2l 8. ayui
DNA dril 6lasl §dd 2l Ys §adiql S8 d AHRBIH
UBUAAL el adi uRdddAl U w8,

6.4 4%+ (Replication)

DNA-l aladl g 22l 2%g2ias{l 018 o dige 214
(3% dcsiet DNA-L e =tei={l diogeil 2% 531, A dilel 4o
sUelnl GRS 2Ud dl d 2L WSR2 el

“lalre Al masdl usl 2udlls gyl Al
azul PRl uBuedl [ dcsia yoa sl ol
astd el (dleaint 21 (35 1953).

Gurdl dloyell e 8 %, oid vl @l wild

2audedt 3U 518 530 Adl ws e MR 53 9. ey Yol ud sue udls
DNA 18, 35 [Ug 27 25 aRBid guiel €id 9. 21 DNA adsi-l dlo-iq
er"ia_[éald (semiconservative) d3l% FUAvAHL 219 & (bLLg[?l 6.6).

6.4.1 B w (The Experimental Proof)

¢4 3 AL US AL © 3 DNA 243R01d Ad 2eiogist Wil 8. d« [@dl Aman
asidl SAIRAUL Sl (Escherichia coli)idl Ui 4S5 A w910 odl G

APl FHS il A Hepel SIAE Al vale 2l asl. Aoy HARUA A
sl 2218 195841 AL ualoL 54l :
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() Al S SleudHl Aal Aatia HEHHi 632 4l F4i SNH,CI (15N
W Ad2lorel iR uHrals ) asllotd] Ul yHL Mot Ad2lor-L
Ad dld O, ¥« wReud AaFBld A2AMd DNA (A4 2y
AUHAA YA AU AHL)HL PN e 64§ 2 8. 1L eu DNA 219
Al2sydiad-l veedl A=y DNA Rilduu seiuss (CsClywil e
waell vieollyd 53 astd 8. (2 wvil 3 BN RUAFa wal+s

gl i d MNHIEl $5d vl ARl 21400 530 sy 9).

(i) Al udl S0A Bal At WML AR sl FUE A
NH,CI ¢ da stfaoua-l [faH asa-l 2did vl da
2l DNAA a2l sl el 1Rl & d é3al Aadl gaauy gudiii
AU el 1oL 8. DNA-L dricaetl Hiue 12 [AfAY Ay1ile 2@t 30
CsCIHl Algcl YR A2l 52U el sl (sl 6.7).

U d¥ 5ol (centrifugal) e [A9 woud] sl el 7 24 [QA1R] 4l 9l
58U HIE A 5 7 Y gt /Al 419l 81d d Ul HQuEL WA E 7

wReun usld 6.740 saladiml e 8.

W
15N . N
N-DNA “N-DNA o —
’N-DNA m AT SN-DNA
20 A2 m AN ¥ UN-DNA
ARcIsNEL B 40 Bz 0
_— “N-DNA

ISNISN LN 15N NN ENBN
CIE) AR sds s
Alzeydlan gll DNA »taollssl

2U5(d 6.7 : AARUA 2 221edl udlaL

(i) 21 s, ¥ Nl 4N Aat wey ur s Wl 3l @iald
5cUML LA el dril DNAA Fissfld sauell vaie siedl § d s
YAl HUH Yol sdl (20 Be sl . siens 20 Bilseul [Qeues+
Wi 8). DNA4 ofl® Uel (40 (e uesl; ol W)L Aatinxidl
Fresfic (wedllyd) saml 20, d AHL HUHL AR DNA 2t
¢dsl DNA oind, ed.
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o ¢ slad (E.coli)l 80 (ulme 3l 9l ay al 9lg uedl sid aal DNAHI gdsl
del 4sRa DNA &+tcd uug sed i 7

241l % MULIML 262 2 214 U2 195841 Il s161—Vicia faba ($161
oflvt) GuR Bl U2ARd DNA-L 2200 Mi Rda)l dui sa0 12 IRDE
ARl Guailol sul. 2U wHoL wHl 3 Rig us o1y 3, DRIME DNA vl 2143201
Ad AUy 53 9.

6.4.2 sraneudl A GAASL (The Machinery and the Enzymes)

@dd SN B3 . SlAldHl ot WEUL 2 A5 (BRAUSL )L A3l 2a8U5dl
Sl D, Wou GAAS ¥ DNA 2R D d DNAUUEHR 8. d DNA (s (template)-il
Gualol 53 Rai(5uy[saiiets s stgel s BARA 52 6. U BlUS aBll AaH ),
51281 5 v o liegl AnAHL spilo] vl Y lsaaiietd il sigdlsei GalRd 53
8. €. SLAUOHL 4.6 X 100bp Acl 1AL €9 (il AvuHell Hiwy w18 520 5 ¥+ (2414 Qv
6.6 X 109bp ) d{l A& 531). FHL @y =it Yol dal 12 18 Bilste AWl £, 2l 248
24 & oigel sl €3 @d1e19L 2000 bp A A5+ 8. 24 Wa egellseA, 3l A2l sl
u3d U sl GARd usL 52 8. a3l 516 elartl 51281 [AgldL (mutation)
Geatd 8. dguid Glod-l e[ 21 viot o valn uBuL 8. RuiifFuRelyfasius 1
214 81282 Aadl GRarll yddl 53 8. a uBael dd s sa1 Gurid slgellsa uBal
W2 Glad el 53 © (ATPl ¥4 R2UBUROISax 1S 2lusiRsenl o efing
s1282 G2 Gl 5132 8).

QY A58 A%l UBAA YRl 5L M2 DNA »4IRd DNA Wil
GuRld 2w Jeeld GAlus{l 032 W 8. disl DNA 28l ol giuiaiil 315u8 Ayel
A 2ot adl <l (512 3 d-l W2 a4y G-l ¥3Rud €ld ). @y DNA
Sodel -l viedl 20l MMl w8 ¥ Wy Al (replication fork) 5& &
DNA 4R DNA Wl[&n3s oigelsamia Wit 25 o B 5 — 37 ds GAllRd 52
0. d @t AlRuil A Sedls atiidl 4L Uel 53 9. surazy, (3%l 57
Bs1alell 23ude) Yudl YR UYL Add (continuous) WA 8, wUR oflw (574 3’
Bl 23ude) U d2s (discontinuous) Al 8. 2l des AN 2dd sl
sleHi DNA Q30 (DNA Ligase) gl2l 2As6{lon 018 A 8 (2uslt 6.8).

DNA WlldM3s Wid ads-d-dl a3xitd Al $30 Asdl dal @ds-t1 DNAUL
AN il Uz ag el S, slewd DNAMHL edis Fluad -l €l 8 osuiall
WAl WA AU B, 2l WAl WAl Beulni-2n, (origin of
replication) UM UL U . Wyl Geulttril a3yl DNA-L 2541l
o %32 U3l dd Yt AdUFd DNA-] uglit g2l Aoaail »ud 9, gl dgsdl
o3Ruld U3 €9 (AL M2 KUl AU HIS s DNA vidil Ml o 32
€l dl Yet: AAU¥d DNA gl gl 2d 8, Fil algsdl 2naisdl €l 8). ass
AU, Geuln=ald Y3 ud 8,

qoll, 2agetril ol o [Aoidl ux@ asi LS. YsE[FsAll DNAT, @it
SINASTUL S-clo 5514l Ul 9. DNA~, 4%t i SIM[Q0U%-U% Hi2l GUdL vieolg €l
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8. DNA 2d% olle si@eia < adil s180 Qi
(Forgotldl AMUHddl) Geur iy . 2L dotss udl
wFUBAA{ Bult da Ms12 (@8 AN G2 QdllHl Aeu1H 5220,

6.5 Mc’-{i&"l/btgglb{"l (Transcription)

DNA-L 215 gdd 4 wd «l-dls Wledld RNAUL
5¢ 521+l UZUL UedismL (transcription) 58 €. €] Y5diAl
Rigid Utist B REABId 52 8. R 3 ARAS 2
3l 229 YR30ld 18 QS %8 el 8. Ayt wBHL
516 AP $6 DNA 6ladid 8 Ui Udisini DNA-L vig A
§5d 215 % Yriell RNAHL Wcoist WH & %, Uil oL ddi
DNA gda-il ueasil flMiRvn e sal 33 48 W 6.

UcHisr eHaue ol guieldig ulais 3y el ag d-il
alol A B, AlMAR %A ol uail 2ude ddld s 52 dl
drtedl [Afdit iesmaln RNA 220 Ucdis ad 8 (die
AV 3 YR5diedl 248 AMiAdL AA2l) 20 WA W2 Adde 53 AR
WAL Al ol ARARAL 253 [Pt g2l 20l A
DNA-L 315 % 254l 6L 2Ae0L Ml 112 Addrt 52 dl o 2Aedls
HRAA 22unice Bu@l w2 sRadl Gau~t 523 oy,
A 6L RNA Gedd 5 o asolla-il s 8. dadl duwana
RNA- (3121 5281 % RNAA 3EA4L ousideL - aal & 2
Ucdistll UL 48 ol

6.5.1 M5 V5N (Transcription Unit)
DNAHL Uit Hierdl Huaed 22 ML §id 8 ¢
(i) uMleR (promoter)
(i) olwRelly -l (structural gene)

(iii) ¥HWMS (terminator)

UcHigriril oy (I 54 DNA] dladl giuensdl o
oL 8, F45 DNA-L et [Gg Yol €lu 8. ed e DNA
w1813d RNA wildu3» (DNA dependent RNA
polymerase) Wl[@4183a (etgellsaa)d 25 o (2o 5%l 37
d2s GARA 53 8. idl guidl 3 FH YA 37 — 57 ds €U 8
d 2rude 23U S1M 53 6. Bedl W2 d 2WA2 Yviel (template
strand) 313 2oy 9. 6l vl Fui Yad 5 — 37 wesd
& dd RNA %l o €14 & (R 3 anafletel 2aA y2dld €la ).

2Wdz DNA
(g gadl)

3'\ At AN
-tq[-‘t[fm\

AsANA §adl \

5 3’

Add A=ANL

254 6.8 : 2t YUY

107
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% Uist ePA [QRanfid a4 20 6. 24 guian (% 56 waL Add- sl
2l ) Uik YUl (coding strand) sSaid 8. ot % Guisd Bigail
5 % Ulls~t sl oL & d SUZ0L guenell siran $id 6. 1 [Bigisl
Al 12 Uit A5l URS(EA 2531 {12 salacuHi e © :
3’-ATGCATGCATGCATGCATGCATGC-5'  2wde yuial

5“TACGTACGTACGTACGTACGTACG-3"  l¥d-t uial
4 ad Guysa DNAHIY] uciis< addl RNA«iL A4 avil
asl el ?

3«

wizx [ AHIUS

UAls WAL

oirRelle -l 2wdz Jual

Alb/5U301 gme

25(d 6.9 : Ucist A5l il A

oiqielly ol (structural gene)-il 831 U Al UHI2R
(promoter) A< AHUS (terminator) Mciis+ 254 oi-1d 8. {1y
opefliril 57 4L ulnals (upstream) UR (Adclet Yriclel faerl qedt
89) UHleR A4 €l 9. 2 3L DNA 253 6 § %4l RNA W3
AU B Al Uist visuHL RAd wie-l g1l 2ude A S0
gvicte [RaiRel 53 6. A asll ouial wHus 2d dl Adde A 2ude
dudld 2a Glag aS WA 6. s SU3L gual-l 37 4L (Aguas)
W A €14 8 A dritell uctis UGBl wuliasd Fale w9
(sl 6.9). cirutell A2y uHi2- lcimale (upstream) Heall Hals
(downstream) d2s [(MUIMs 2sH A 8. 2L sl sedls
[QBredil [ %R %t 2idladal Ry @6 asld 4 AR
HURAL 2uucumi 2U4al.

6.5.2 MULSL BUEH A Y+l (Transcription Unit and Gene)

oeilet AR5l Balcs 2UsH 9. Al 516 2lsL el 5 ¥+l DNA
U [ $1d 8. %l DNA -l 20El4l vl 539 yesa
9. DNA 3 & % t RNA 22l r RNA 248} A5+t 53 € d-tiell vl
ol v Rct 21U B, Aoyl iR (AR (cistron) 3L dlfATRLS L
Aldd H2dl DNA-L “i$ 8, Ucdist dsHHl edl ciyRely
il HAA2UAS (monocistronic) (Milel oudl Ysiusdlui)



LA RscleAl 2uleau 2HR

2141 WARIA[AS (polycistronic) (et aldl Sis2RAUL AU HUR-AU 341
5l asta. Y-l AARREMS oitelly il Aal 46 © ¥l [aalfid
U301 vl gial Mol 8 - YsblHl g+l [Qoulyd €l 8. silEo wHsu
wudl w[MAsA 2irsHlA VSAA (exons) 58 . FRAA 3 s B ¥
ulRusa wual qALMA (processed) RNAHL %dl HoL . Al
§-2l (introns) g2l RARA A B, $2in AL enadl wu-sy uRusq
22l WEUL WA RNAHL Adl 4oL A, DNA vigel 24831 [Qeulsd %«{l
(split-gene) edaiRall o={lr-l curvuq ¥Ra ei-idl & .

adgRll-{l 2tqdRisdl uRL oielld il ule 2 Fauns sl
Gl R WA B, el 50135 [ams viesin saaiaedl Fams ol adls
2ULOUY B, A 9l B 25U S5 WSl RNA t2al Ml Add sl el
6.5.3 RNA-L u5120L 247 ucais-l wWEal (Types of RNA and
process of Transcription)
oi52[RA1ML 4y 2181 UsR-L RNA €14 8, mRNA (messenger RNA), tRNA
(transfer RNA) i1 rRNA (ribosomal RNA). »1814 RNA $M41 Uil
AANRL 2 2ads €ld . mRNA 2ude ddly dad 8, tRNA ARl
R draald da uddlls A5dia aizaid s 52 9 dal rRNA eudidR
£ olt1Re(lY 2R GRS MBLsL atd 8. sls2Ru1Ml DNA »utRd RNA
WM 25 % Sld 8 % ot o Us1R-l RNA-L Ucdisd GARd 53 8.
RNA uwilaus udiex ald widd ucaisdl azid (Mw)

Y Y

538, d HY[F2UAGS 21us1ge UBUSU 23U Bulol 53 Y (R

3. 3
DN,
wile: q DNA §dé

RNA uifdx3» Rirusis

W™

Yo

TR O

3’ Y ~
RNA uUl&H3»

q
R Rho 5125

25{A 6.10 : G52 RUML Ucdist-uBul




.

SEIEEIR]

Wt 5304 2udeuidl s3 HAAR UUAHAES 52 8. d Fddd vildal 2 udotul
UBL AL 52 8. 554 RNA L dldls WAAA G191 % GlAs A1 % 8. %413 RNA
WRMS A 229 udil 4 © AR AaMBd RNA 214 RNA Wil a1 udl
A4 8. %l $0RA3U Ul WEuLd AHMA (Ul - Termination) 4 24 6.

] uUe U B 5, RNA W43 3l T 24l AL cAoissivdl W, Heoist 2
A GARA 53 8. Hisl RNA U4 Helot UZuid GARd s34l HI2 A4H €9,
d &R W2 M[Ms SR (initiation factor) (o) 2 AHASRS (termination
factor) (P) AL LS UAiS 2UrsH WG 53 B § ANUA 53 8. 1L 51250 RNA
W30 WA Al a={l FBaddl (specificity)Hl YR cld 8§ el WM A4al
Wl wx 8§ (2usl 6.10).

ols2RuMl, mRNA-L FHieL w2 S wal Bl 2nasasdl €idl el du
ULSL el GUNIARRL 5 % vl (compartment)Hl A4 € (GL52RUHL S1NR™U -
3w ¥ S5 [t €l «ell). Aeal 2 4l i mRNA- Y8l Zld ucis adl
Ul % GUNIdR U3 A %NU B, Fell $ORAZU G152 RUME US4 MINIAR WA=W1A
yel a8,

sl A quiriedl glRadipdl gl 8 ¢
() SMEBewHl 9L 24191 2121 U511 RNA WRHI el A & (2ARL512A0M1 lal

Hodl RNA WM AlRd). ddl e axfens €ld 9. RNA WRHIS 1

rRNAs (28S, 18S 17 5.8S)7 Ucuis 52 6 U RNA W2 111 tRNA,

5S rRNA 24+ snRNAs (small nuclear RNAs )+l Mcdis+t 412 FUALIR 6.

3 mRNA
3y / Segled 7

5'mGppp » - -

B5ALA / RNA RRioL
m \

5 Gopp Q Q Q Q /- 3!
Q

3ol
QL@ Ausast

A 26d

5 PPP

m f :3Il
5' Goppp

Hewdles RNA

250A 6.11 : SEHL Uil wBuL
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RNA Ql[4432 1T mRNA-U yd 2434 €22y (5442 RNA (hnRNA)+
Udlst 53 9.

(i) ol wRadl A & 3 mUMSs UAisAHL W5AA v Se2ied ol 4L & daUl
d Bsiasl € 8. 2udl a [QRre uBamidl vk wu 8 34 (Rl
(splicing) 5& & FHiL 2l €2 4§ AU O A WA 285 M sH3
asollon WA BLS nd ©. hnRNA atii-l uBazl 43 3[4t (capping)
e 28[EdL (tailing)uigl waR wy ©. 3Rl s Raaa ysaviads
(Mande st 21 $182) hnRNA-L 57 831 U i 9. 28Rl
ARASAZS A4S (200-300) e Ad 2udendl 37 941 U GRAA B, yol
AAUBA hnRNA ¢4 mRNA 814 €9, % GUNIAREL HIE siN3-sHidl »nideL
wi 8 (dusld 6.11).
¢d, Guisd Radpiidl e wzadl azsud as 8. Qeulsd o+l

(split- gene ) carall, <{l+ gl WAl 22U Udd 52 8. Sgl-l g1 Wl

ol dle 2ud & 2l RaRiol uBuL RNA [ (RNA world)<{l Mot cusd 52

8. walfl AHAHL DAL RNA 24 RNA 20HRd UBaia aHodl 2icid

LAWUSAL HeAld O,

6.6 %+l i3d (Genetic Code)

A A Ul st e 55 wURSHLE ollon 4[5 5 RS Ulcis
8. il 21 UBANA Y5l Rugidil »ume aiydl 10 8. eunidr-l uBa
2Lels Rl 2enmtidRd s %3N S % 5wl s ARl AR R
WAHR, AsAu8L 52 8. MFARARLS e (5202051 AL L 515 Ysdl wial 4
& el Al dl 516 Al 230 dnL [ a5 8. ¢d Y55 2R (Aelfs s )l
325129 Ml AR 2ARHL vBL uRaAdr 21l 24 B, o slstdnl BUHIR UL
Yl yual 8. el #-{l-t Add (genetic code)rll WRsEUrLAL Mclld 4l % WElA
AsauRl B ARARARL sl FEIR 52 B,

DNA-{l 20ul 2 2dfls gourfl Farruals uslad FRéan sq Fed
Gyl g critell s Yllcllysl s ol A Adae s ed. WRUR dl
Axl [y 8- AsuFs 33 olifswafl, stelfs RuARell, FaARIA
wA ge{laslldl wsdol viaasdl edl. sl dlla s cllaswnll edl,
il (212 ¢dl 3 o 692 M 4 €1d 249 20 ARAARIAL, A s2a, €l dl,
Addrl Ml ASAl A3 oirtdl ¢, A AL 5 ot o 20 BRI
Adctrt W2 At AR Y[5UBUASEAAL oliell S14 . B Vs Hogold WA gl F-uell
43 (4 X 4 X 4)U GeulRads A1y g1 64 bl Rl ud 8. 2 L oirtcl Addl
o3RUA Sl ©RUL AUIR €1y 6,

Add Braaadl €lu 8, def nuL g xcid SR 514 sd. s2WBle ViR
Flaa 6163 (RMUURHM 2 AeURAHR)AL 2SRl RNA AL AsayRl-l
0@ uBU- A8 530 e, dla Mol W Asdur W2l siwsd usuel

C
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(Ad-gl-Rized) Addell wdHed W2 vor Heegu Wl
BRlas (WlRylsupiieds s18114d%) RNAA ¢adaA3U (RNAY GRiusle qsaugl)
wdenl MBad sl WA olgelssl adl W2 Asladl 53 8. vidil ol
Adad As2 olld (checker board) duiR su ¥ AL 5% 6,141 UM AL B:

|

U

T P ~

A4 2l

51241 (Severo Ochoa)

s 6.1 : [QRY AR WS- 2A3dl
waH, Rl

adld Rl

dlu Rala
U Cc A G
UUU Phe | UCU Ser | UAU Tyr |UGU Cys |U
UUC Phe | UCC Ser | UAC Tyr |UGC Cys |C
UUA Leu | UCA Ser | UAA Stop | UGA Stop |A
UUG Leu | UCG Ser | UAG Stop| UGG Trp (g
CUU Leu | CCU Pro | CAU His |CGU Arg (U
CUC Leu | CCC Pro | CAC His |CGC Arg |C
CUA Leu | CCA Pro | CAA GIn |CGA Arg |A
CUG Leu | CCG Pro | CAG GIn |CGG Arg (g
AUU Ile ACU Thr | AAU Asn | AGU Ser |U
AUC Ile ACC Thr | AAC Asn | AGC Ser |C
AUA Tle | ACA Thr | AAA Lys |AGA Arg |a
AUG Met | ACG Thr | AAG Lys | AGG Arg |G
GUU Val | GCU Ala | GAU Asp |GGU Gly |U
GUC Val GCC Ala | GAC Asp |GGC Gly |C
GUA Val GCA Ala | GAA Glu |GGA Gly |A
GUG Val | GCG Ala | GAG Glu |GGG Gly g

opeflt 2l you ol A Yoo B ¢

() %l Asd Bradl 8. d Ul 61 Addl ABARGA We Addd 52 6 A
3 Addl S8 ARARIRIS Addt sl el 2l dvild sl il Aqdd
als 8.

(i) 5 % WHARE W5 52l AL A3l g1 Fld a9 943 D, vl Addi

vd-d (degenerate) Asdl 58 ©.

(i) A35d mRNA U Add d21d 8. d 42 [QH €ldl 4l

(iv) %l 2A3d Adedl (universal) 8 : Geled a3, GiszRaell “ep yHl
UUU Budd 2id-{l+ (Phe)q A5d-t 53 8. 1 [Fa3il spuciolly Adl 24

%26ls UMl vudle Adl 1A 8.

(v) AUG Qasl s1dl 53 6. a4 R (met) M2 ddd 20 8. wd-0d

W3[Ms A3d (initiator codon) d3 i ad 8.
(vi) UAA, UAG, UGA U 33t 23l 8.

ol mRNA#H[ {14 saldd ~yl5a2ladsudl $4 2uddl sld, dl d-l gl A«

wiidl ALl s34+l 2uouel s (As oildl Gualor 521).

—AUG UUU UUC UUC UUU UUU UUC—
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¢d d-uell [@uild, 1A 208 mRNA g1 A3dt wid AR R

53 8, dl RNAML =yfseadiad il su-l dud sl
met-Phe-Phe-Phe-Phe-Phe-Phe

a2 [Quld dwit saie Heddloy awy ?

¢d, ad dlval weld dddeu sa o q@uHl a2 AsHHY & d 3]
asal ?

6.6.1 [As(a 247 %-l[15 A3d (Mutations and Genetic Code)

oe{l- 21l DNA 922l W2 64l [Agla gL a0l 234 asid 8. di
(uglct 247 el 12 (A2 152 SHi viex 53 YsAL 91 DNA-L visHi div
2 Yt ollsaRllel 4R (A2l A0l w1 wst L. dil WRRUH a3 %<l
3 detl sl Al 2iadl a4l A 9, disye 2 (point mutation) %
Geusal B ocllBirt el el =il 2 68 ML uRad L WReun
2a3U B ocll[Biet ol ARARLS ogifie-l wouin deis« 2ud 8. Fruell
adi Aot Risa-Ad ARG (sickle cell anemia) 58 8. UlH2 ¥Rl
51281 siuRella %l 215 ool GHRA A 8218l (@2 12 2l 2zuden
ALEL BELSRBL gl U d A4 AslA ¢

VAL AL YR e AL % ~{lAAL 2oglell ore 6. i AR HaR Hidlils
Al Fu % 4 & :

RAM HAS RED CAP

% Ul HAS 24 RED+{l @22 Bl Gl atsu-dl y-t: ollsaell 530,

dl s (A Yoo il wsidl
RAM HAS BRE DCA P

el o dd BUUBL 6 HERA B % %oUL UR FH5 BI GHIIA, dll {12 3ot
a2l wsy

RAM HAS BIR EDC AP

€L HUUBL A5 ABL &R BIGH GHILA, dll a2 Hogot izl asiy :

RAM HAS BIG RED CAP

Gudsd 2eUAA RED 2487 35 usdl s 2 () 5309 yaldd

sl 2L A8l HERLG ds (1A Yool oAl

RAM HAS EDC AP
RAM HAS DCA P
RAM HAS CAP

Gusd eu well A e AU B §, 35 Al oL Aol GRRIA
2l g2 galefl GHRL 2l g2 Udi d 204 (Biga) AL 31l uRadH 2ud
€. A AL dril LRLsHL Sl GHA § € acuell s Hiudl d-l dRIsH

C




aq s

oLels MMl Al GHA 3 €2 A . el 25 A4l NS5 UHIBL YRUCLHL
AL GAR Hudl 82 Y 9, wUIR 1 2] L] drg R
Fual 518 uRade 2udq <l A% 2udl Rl 34 Qg2 S-ud (frame
shift insertion) A4l Ay Elé[?l (deletion mutations) 5& €. 2 %{l-yifil&
2UHIR UM ASAL BrAaRl €ld 6 e d A0ioL sHUL A2 B,

6.6.2 tRNA - A171545 18| (tRNA - the Adapter Molecule)

Al URseuALAL v udal A3Ael sURRA (sl Al AR Al Al
i ddl AMARARS WA Aoy Al Bulal eldl Asw sie 3,
PR S AAUAS AR Al Eldl 3 Feiiell & 2A3d Alsu1Syds
alfl W, dxlia siqsas 2wl el
WA 53 5 ¥ 25 ol Adsde diUdl
Sl 2 ofle ouyadl [[Rre AR
AR sl 1. tRNA ¥ sRNA
(soluble RNA) U2 56 €, %+l [A3l s3]
8L A%l e udel eddl, 9dl ual
arll 2sas 248, 2@3u ddd qun wuy

ugdl neistdl uid 4.
g tRNA4D s uladda qu
(anticodon loop) oBlcll 1AL 6D, sl A el

UAC

mRNA

5|

5[ 6.12 : t(RNA - »isigets 213, Y25 S0 AL €1d B 2 Al Al
AR x5d B3 (amino acid
accepter end) »1ddl €ld 8, il d ARABIRS A AN B, uAS
AL 2R W2 [Afre tRNA 2uddl €1 8 (2usld 6.12). s W2 ol
[Afre tRNA 2194l i © % MAMS tRNA (initiator tRNA) $& ©
WAL A3 W2 516 RNA glctt A2l gl 6.1241, tRNA< Rdla el
eAldd 8. % sellaR (clover leaf)-l WSl ¥ 21 €. ARl tRNA -
2R €9 % Glal L 2usi-l %4 gvuy 9.

6.7 HidR (Translation)

114 MINLdR (translation) 1 Adl UBUL © P4l ARARARAL sigellsail
Wi Fule aa 8 (Gusla 6.13). ARDsRD 53 mRNA 42
2UACL LB AesH UR SUHIR AV . ABAARLS WL ol gl AIAl
gld 8. Wi Fulel we bl v2uagusdl 8dl €l 9. 2 sR4
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UM vaRAUHL AR 20 ATPHL e uBy 4 TN

® dul dldi-l A6l RNA A12 A4S 2 9. 21l uZUA ol q
A4 Fld (RNAY 2udlls01 (charging of tRNA) »aal  dilkiess
ay e Ad tRNA vl S A (amino acylation of guia
tRNA) 5& €. 21 6l 2uaf8ld (charged) tRNA 2s6{lonl
25 il d w2l a2l Dol Fula wy 8.
Belsl sloHl WRld it ol g2 3ul ad L 6.

Roflogln Sild 35230 8. % Ul AsANR U2 FAUBELR
8. [ROUAHML UAALMS RNAs 24 80 15121 [Ala4 11l
Sl 9. d el [FU3U 220141 6L U2l 2541 {2l Ual 254 ui-
“Alll U2l 2154 13U S1d 9. AR Il U2l 2154 mRNA 118
As00U 8 AR mRNAHI ULZlA erdl-dl tmid UEULAL 32 21 9. Hi2l U2l sHHL 6L a1
Slu 8 Feiiell AR ANS 2562l 2icid igws 20d © F=uefl WL oius] e ay
8. Rolbin Wardsoit-i Falal Gals (23S rRNA 6iseRul GRlas - RelsdH) dds ad 8.

mRNAUL MUYIARRL A5 (translational unit) 21 RNA-IL 243 6 %1l 931 U2 WM 43d
(AUG) 3u[wl A3d (stop codon) AL WUfAURLES4-1L 5cll €14 6. mRNAMNL F2cls atRLAL 54
Al €11 O ¥ AR Al dun cuidARd (AR (untranslated regions - UTR) 5¢ 6.
UTRs 24 5’ 931 (M348 3 uddi) i 37 931 (AUl ddd wedl) il v R €lu 9. d sidas
AUNIAR-UBUL M2 was ©.

IR {2 RoUAIH mRNAAL WIS 85d (AUG) A8 %814 6. el 2o $5d WZ[MHs (RNA
GIRL 5L 29 69, ROUAH 1R olle MLl AzaAnRL-l udoid UBFUL ds 210 afL 89, 21 eARuLn
ARARARLS RNA A2 A0S AR 2t Rl 53 9, ¥ 201 a4l (RNAL Ul 03 018
Y5 618 otrledld mRNA-L R A5d A8 2y 8. Relltiin mRNA U2 s a5l ol d3d
dzs U 8. 25 ugl 25 ARAARS GARAE] WATRLOS 253l CUNIdRRL WH 8 % DNA gl
MEBLd 21 mRNA gl F3Rd €l 8. vidui [QHlas 5135 (release factor) AW dd w1l
Al ounid-uBaidl id 2ud 8 ud RollAinmizl]l Ayl WRTLSS Hsd wy 8.

6.8 -l ?&[@{G{Gﬂi [Ruam- (Regulation of Gene Expression)

25 6.13 : cuniaz

ol B[MealFal Fumadl [QRY 20 42 s 218w 8, %l 2fealsadl surazd
RS iRl aid B, Fa aouetl 63 Fanq 53 a5 8. YHE-Ad wdlui, Ruus 43
Hopol 45 s 6 :

()  Hls R (alis uis wu-duq Fula)
(i) uBA xR (RaRid Fudn)
(i) MRNA~ siu3siel SINA3L AN

(iv) cuMiazly R
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e st

SINHE 8d %+l 215 R 51 2l sl A w1RAsd 53 8. Gelslel dil3 §.
Slels (E. coli)Mi 84 GRS B-olAs2RUSIN 2 JUAZASGA - As2losd paldcuy-t U dd
A5 2 ogsIAML 33 B, FrL 652U Glai-l Al a3 Gudloi & 8. el % tiseRu
WA As2loedl 9126193 €U dl B3l 521018530 Gl sl AsAuRt-l o33 wsdll Aefl. 24 Fld Ay
QGEIHL AL 2019 ll 2 W5 1AL, 2GS vtaal ualaelly RA S % el w(deuFa-
[Pt 53 8. 25 opaidl WRusa aadl (s 2 (Aot g{l-- [Qlan w3l 2w (s
Ae[AamAL uReun 8,

LRSSl -l 2ol Fam- He S2dls Hal uoudl 2 €l 8 ¥ Ucild
WRALS e (M- 53 8. Ucdis 2UsHAL UMl (WUlds-promoter) WA RNA W&o+l
Baialledr Aias WAl a1l WRURs Bl gL Fas Wi 8 % W0 @il 200w audim
AUl 52 8. 2l [Faumsl WA (regulatory protein) usRIHS & uBUS (positively or
activators) -l sRAHS 3 [MU8S (negatively or repressors) vi-l 23U sid 53 U Q.
R SNEEl DNAML 2R el Guaetdl gou Bl Wl [@Qan 2iqsm ¥+ wluler
(UAS-operator) 5€ © dril gL M- WA 8 21 d-il Aedloed]l Rafd adl 28 9. 2L sudl
UAAAL 2AU2R WU, HRs ALl WA o €l © 2 Hlel ol RAfMl »lue-il s
Fouss WAl Adda € 9. udls 20UAAAL Wdldl [@ARre 20u3eR 2 [@Akre FRaes
(specific repressor) €14 €9, GelgwL dily, As-2Uu2R U2l ds U (lac-operon)Hl %ldl 14l
8. d [AN3U 55 As-[FA1es (lac-repressor) A2 UABUIAL 53D,

6.8.1 A5-2ANRAA (The lac-operon)

A5-20AA R e HRdl gl s Fsiol v FaRuuRal F5d Hi-dlst
AR UA1A wRel Hofl. Al AMAH Qud UAdiEd dd FEBid d2tL (transcriptionally regulated
system) (A2 vaiet A1, As-2A1U (3] Aseil 248 A5l B )1l WARRAMS sitelly -
Famd w5 amied w2 Rassl ol gl i 8. i usiRl ara sis2Ruml
woL o UMY B, A WINRAA (operon) 5& 8. Aai s2dls Geleral As-2A13 (lac operon),
(24 2A1UR0x, (trp operon), MA-AIU (ara operon), (8 {1UR\ (his operon), de-{U3l
(val operon) 43R €.

A5 25 s ol (i ol 26l il 218 34 (inducer) all, uid 20 Aot
42044 (inhibitor) Ul Al el €9) e 22 olied gl (z, y 2t a)ell woll- ot 9,
i ool As-2UUAAAL LS B 52 D, z el B-I1As2MSI (B-gal) Add 52 O, %
QUAZASR AsAnetl yfaou-ell WARRS A5l SlA52LS A 9G53 B 52 B, y %+l
AR HZd Add 52 B ¥ Sl POlAsARUSIBAL wdrAdd At 9. %l a Rl
ABRAUAB At U B, 2L T A5 AAY, e{letetl Geuresil A5l AUUAL IR
1A S €14 9, 6{loA et AHURAAL UUAAHE GURAA % (Lot dos i Aot AUUARS uaHi
s WA s 528 (sl 6.14).
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[P i P ‘.| z B F W50 AUHIAH]E

l

,\_ﬁ-—/ “ . .
F21es mRNA (FoUes 218, »uReR (0) WA A4 B
2l RNA UL-H3% gl2L Ul 2A1UR1AAL
YcdisAd vi2sid 8.

&
(fa18s
|p| i |P|o] z B e N5l el
I ,._V,—-\\l_/v SIS
[Fauss mRNA ds mRNA

CITRES
N ]
s /I Baldsdusis iy  gruviRieds
0 ap

(R%u Rawss)

25(d 6.14 : As-10R0

Asdlos A BOlASIRGIN W uBUSL 511 52 O % WAl ABUAAL 20
(switching on) 2t AHUWL (off) et 52 8. AL U (inducer) s8u 8. Aell Gan
5161 -G 5irl 1AL A ois[RurL Aatie Wl A5l GRRAML A AR
Wil Bl g2l @selo sl 2ie: A O (We AL SNHL As-URAAA 24 [ (5t
e 2 €Ral s1R el AT, 2i-dal A5l s+l »iex uaw AR 530 u3). d-u
ugsl Aselos AURAAA 1A el ARA 52 6 -

UURAAAL § @l gl [auss AsAld (€92l vived ool ddld) wa 8. [Mauss
WA 20URAAA 2R BRI S RNA WM Uis sdl 22s1d 8,
A5l Al AAIAS2AD Tl NS+l slordul Fanes 2 08 0l uBa 5304 [y
Y . ddll RNA WWiad wule: aid Adiaidl 2l 1o 8 2 Udissl a32id
528 (Ul 6.14). As2AURAAA Ry Bl gl GRS AsqNa-L a3Y
FRud 53 asy ©.

g Avil 3 ds-iURl We ogslos Al Adsels 0as a3l 514 sl 14l Y
Q2] usl el 3, dselond] 1904l 34l 44l ds-2i9] wloealsa aul 529 7

(Faues g1l As-2A10RAAAL MuHAA A51RAHS [RUHA (negative regulation) 5¢
8. A5->URA g51AMS U (positive regulation)«il [FEAR1ML URL €12 6 U AL 2R
dstl R 22l uRn At egiel ©.

C
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6.9 &HA AU W% 52 (Human Genome Project)

200 (AR dHL 2eqi 530 %sul 91 5, DNAML %dl Hodl 6ldaedl s 518
w2l Al iqdBisdiedl R FHRA 52 8. ollon 20elAl AS Rl wmasd] 2udlis
AcRal il DNAML %al Holdl 2sHl glRL 51 i 6. % 6 alsaiini Bt st
1Ol dl il DNA 20 [t €la 9, 1L 1IRRUAL &HA @Ml 2841 DNA-L el
s (AL dwR sal Hi2 [ 52 9. By AR (RuEol agfsu Qs 56 wa
DNA vigr x1ed{l5281 21adl sAllAL 530 2514 8 A DNA 2iesHin 2eldl 32 40
sl dAs(sleL [Asiiel 19904 & @il AesHledl dwid sl He s
Heralsiall Wizsedl A3 4.

g @I WX 52 (HGP) ou U152 dls o 8. A w1 WiFserl Gredla
AUl AV[A dl Al [ A viagasdl [ seq 530 aslal o 1A wel ¢ ¢

&ML @ UHAL @oLeoL 3 X 107 61652y A8 (bp) dl MOl 8. A irisH ™AL M2
6L %8 €18 3 US $ 12l 2y ol 2iyel Migs2 uR wal aaiell 254 AU @derL 9 [Bileus
US daR ¢2. aoll und sl a8y 530 el o sl 19dld sl »ud
dl Hls UL 1000 AR €14 dl d MSR U Yrsl 1000 Uy 1d dl 218 Hueasinl
DNA-l *l&cl eioll s2a1 Hie 3300 Yeels (Aludll)-l #3Ruud wsdl. i us12 Hiél
AL LA WU 312 b6t % S8UAoL AL WMl %32 UL, Feiell L5810l
AU, [Nl A Yot: GUALEL AL Al HGP gl 2aldstiiil is Al &st-ll
sl BRI Ada 46 sl ¥ suAS-SRAEZSU (Bioinformatics) 5& 8.
HGP-l a8aisl (Goals of HGP)

HGP- 2dis Héradl aauist 12 ool 6 :

(i) Mgt DNAML @9l 20,000-25,000 ottl o %~{l-llrl 2A0ucl.

(i) &Mt @A oieiadl 3 Bl B 66 AL sHAL iamdl.

(iii) 21l MUSAA 32100859 (database) 23U 02J&ld sql.

(iv) HURAAL (asdne 2 Guseiil YUIRL sdl.

(v) UollBd Rl SRRy ¥ wdde AseMl 3uidRd sdl.

(vi) Migse Asifa s, siuetsly »ia Aeulss uH0 (ethical, legal and

social issues) (ELSI)< axxdl.

A Dl Ui 52 13 Aol dioel el FHi g . Rueie 2415 A2 wie Au-d
SlRecuen 2 Uis deaurl uedlolel WiFse A3 24l WilMs ailil dasy g2 (UKL
HGPHL Hou elletdl edl. wesl sauid, siwdt, o], 2o 2 214 22liedl AAl2L Wit
gl L UiFs2 200340 yel aul. lFasiul Adl qodl DNA-L @il [@6 w
L1l Hisiaul wal Hodl e vRUFddL [@8 200u, A1RAIR 53¢ 214 S2dls
gt L dl Aestaaidl Aeiddl uid A 8. d-tell [QAY Hina @aldsuddi el
AP, HAATR ADdll DNA s3Il Wi 2eusidt 202 d-dl auglis sl



Bl Riscell 2ulEad iR

Guaial 53 2area-2a, s, GloA-Gewe i ualazel Y-l Bl
Bettadl Ussias AL 530 Asi 8. Seals wila-1isd (Fuddr)
uwdl FHS oiseRu, W2, caenorhabditis elegans (¥ 5d%dl
Bzlosizs YousB), gRUBaL (saavl), adulasil (sidr »
Arabidopsis) 3L 2isHl (A2 asidl wd 4s 8.

sauuell (Methodologies) : L Meuelal 6 Herayel Adr Gualal
SCUHL Ll 6, HAH MU L 614l il ¥ RNAL AZUHL 5d Ay
8 dril [Ad = uug [ ﬂ&%lﬂ%si‘ [Risd~n 29U (expressed
sequence tags) ESTs 5& ©9]. oflol uuii 2 €9 & o«{lHi sial Hodl
ol @Al S A A-5UE0L wsleAl ARl w530 adl
siald MalRd sl 8 [F4 [Asd-d AN2UA (sequence
annotation) 5& 8] 51+l $6 DNAMI 284 sl sl wie udal
dnl ¢a2fls81 53 AAlrtl-tiel 412295 (random) vidl (41e 51 DNA s
vl % dioll UM 8 el 5138 DNA-L Aol 25314l SsHRL HI2
Hodell iy 8) otridlnl [ARre atesl deedl dadl sallFoL sudy
8. $l[MoL UAs DNAL Ut (amplification)i Hee 53 8. F-iiell
2L sl A1 Hodll A0 A4S A . AmLd d Gualoll uwHiA
oiseRul 2 le © dul aesl ¥+ BAC (bacterial artificial

chromosome) i1 YAC (yeast artifical chromosome) & 6,

viSlol U™ DNA 1545 (DNA sequencers) «iL Gualolel
iesHd S 20 8. ¥ 33R% AR gl [Asuide UGB Risid w
s 53 9. (e AvlL 3 WAL ARABIRSAL wesHiA 8] 527U
Buitl R[5t Sa uel AR % Uik WY BD).
VL AASUL AUl €12 AL Sedls wisollan uR
21249164 (overlaping) Scl U AL BUHIR dUsAUY,
8. 2 2isBHddl W2 2u91Rd vidld Fiel ad
2UAUS 8. 2L esHIL U glRL Ulsdolg 539
Ao Al 2 siEll [Qlre 522k AR
LM [Qsuaaril 21l 8 (Husld 6.15). AR
ugdl 2L AAeisHio wdHedt (annotated) s3A A
UAS R A8 AlsNAML el DY 1+l
VirsH A, 2006 (U Ul 24 22014041 A
gd, 22-8[85 A X 2 Yol 2sd gy ousl
gl)l yel 2l oly ussieauw sl ol gza
(genome)-il 2udfils 4 olllds sl duR
sdl g, ¥ dlladiFad RRgsa-
By [FaM iovRALA A F2dls Yelldd

25(A 6.15 : &LH- -l Ui sed M3us B

C




e st

5 e

DNA sl ¥ sl A2euded (micro satellites) (Yriiddt DNA teslui
Wl Eane ot 20010 DNA BorBu=2ot- ouorm 2ieaia 5319)) ddld silouy
69 drll Hlcdl-l Gualoe]l vy,

6.9.1 &1t 20l [ARe 4aRl (Salient Features of Human Genome)

Bl @l UIFS2 gkl U Sedls ey Mdlawll 3 oo § ¢
() &t @M 3164.7 Bldud A9y A8 41d 8.

(i) AIAA ¥+l 3000 615 HAA 9. Fell AA5RHL vl [QAS~AAAL .
Wepritl stict A1l el o<l R2UB (dystrophin)l 2.4 Buldu 613
eyl 8,

(iii) o~flei={l 2Aval 30,000 % Y 2ieilra 80,0004 1,40,000 % -{l-t2ll wail
el 8. QI 6L (99.9 %) <Y 5UDlI210S 6L GLHL HeiwHl g o
A €1y B,

(iv) Dadar -l U5l 50 % -l sl 2108 S,

(V) 2% 5l uBL L9l DM U2l HI2 Add 52 9.

(vi) &M @el gl euol yaldd sHiel o oAl 8.

(vi)) Yrlaldd s3 DNA-L 3aidal ol © 3+l s2135-50135 Al (Adsl)Hl
€A Avd YrAgR Ad O, el (A2 Ad Hud B & ddl Al widlas
sl A1 2Aoit el i drtiell PRl A, sl 2R s [l
sl Wi Wy 9.

(viii) UaH 3214 ALt o+{l-l (2968) il Y 2lell 2oL (231) %llAl
4d 9.

(iX) AHE Hpul @il 1.4 Fildus ouiil U 2isd 6Ss DNA
daslad (SNPs — single nucleotide polymorphism, % R4 (snips)
sl 1A )l vl Aol 8. Guisd MR 2RIHL 3 %ou1il
5 9% 2L AU ASOUAAL 53 24 Hirdanl St (A A Aaaami usius
0 dell (A9 2511 Yisot SAUML URIL ASHL UL 2L,

6.9.2 A% 21 MU USSR (Application and Future Challenges)

DNA 4541 6120 Wit Ayl st da sl viasil easinl Flasdan
Axosail 4Rl A0l 8. U Hiel sl yel saiml wdx RS A wdde Asersil
€23l (A" Al (el dal AUSIRAAL $AAAL 24 A5l %32 usardl
8. HG tesHirl el Herayel uoud 21 26l 3 ¥(as A-Al oacd ddl il
AHIAL U ALAL USAl AWHASAL U5 AT 26 A T2als o w<{l-l (A3 ey
53 Ascll el AHA DAY s 2 Al A5FsiAL AR Bt Ul Wi



L5l 20fEad 2R

2R A ¢d 5L € AUS 2 AUl HOll B, Al UM HIvd 6L (L (a3l
Aoy 531 As B, Geleel dls - [ARre Usllail 2ual i1 w4Ydl ASHL 2AdL HOLdL 61t
UALSL & @A JU1UBIA Quolg 539l HIZ SR Bl i Ml RUURY ASAAL i
Hss 3ol Ad 514 52 B, d el asd

6.10 DNA [ZaBi[221 (DNA Fingerprinting)

21UGHL [AGUIHL Gl 3o, HBAl Al Holdl dRLAOL 99.9 % ASRBEH AL €lY ©.
&H1 @ 3 X 10° bp 414 & g H-dlX al sear ddxsyul sedd] [Pl 284l
€9 7 DNAL 25334l %l HAdl 20 [Rretdl cfsaotd A 34 U511 2L o8l & %
MaiRd 53 8. o 516 Geal 6L ul5avil a2 waal 518 Rl 2udal dist a2 o-\[Fs
astarll vl Hadal © dl 4l DNAL 254 st 52l Wil % 215 503 da iy s1d
£, 5EUrL 5313 63X 1006153 %4 1l 6l el 42 gt 53 e el DNA BoiBif2at
S8 WL 6 sl a2l sl avunell s2a Hedl @lRd (sdl) Ad 9.

DNA [3oR[B124l DNA is54Mi 2idel s2als [@QfRre u2all a2 sl Hadl dslad
A, A 21d 8 ¥4 YAdldd DNA (repetitive DNA) 5€ 8. 5128 3 24 2A-ysHlul
DNA-L il G101 3R Y19t Al €14 8, 1L Yrgd DNAA @-UFs DNAAL 134l
3[Rl ARu-2 Al2sydlun (density gradient centrifugation) g1t (Bt [RIvR % 2oL
5AY 8. DNAL M2l 34 215 3ou [BvR oirid 8. s 08 v Al Rivi u8L ol
® ¥4 Azad2 DNA (satellite DNA) 58 ©. A8% sl (A : T udg iadl
G : C uyg), Yl dous duy yralia sl Ava 2ual udsidzase,
Weflzarde addul adflsd s 20dd 8. 2L wsi S5 wa WA W2 Adar
sl Al W3 o &M @l HI2L eUdL oilld 8. L wiesi G2 R+l elgIusdl
(polymorphism) UeRld 53 8, % DNA BolrBie-Al 20812 8. 515 vl (5l ucdls Uellxil
(33 AR, A=y, caul, Lsst, Ao, LssiN a3 )Hidl Wi DNAML 2LsuHIA £22%-(
6l 3USL Al HA 8. ¥ $1Rs HU@ZAAHL A5 200 014 a3 Gualoll 8. aoll, sig3usdl
Rug2iefl Aclal 2udfEis wy 9, 2edl e xR Qg e [@ae Gloll iy A DNA
BorBuf2o1 Guu sAE 8.

DNA sis44i %al 4ol eig3usdl (polymorphism) DNA BarMil2ou-] a1
B AL AdllS 45U ddIR Sl wBL alstelds 8. 2l sl DNA
og3usdl 4 8 d uxwd %33 o 8. ag3usdl (2Udls 2R wR [@Afand) [@slau
518 Gt A 8 (WE 5 5 ™ UKW 5 Ul 2L USWAAL 2oLl el [Agla-u
[Afas us12 dar d-dl 2 [@e e 530 s o). 88 waL alsaul adl [@gla d-
el Sl vl o SN (S 3 % Rislluare sl Awdldl gyl Fula
52 9)ul BeMad 8. A %=t sl [Asla S sl Al amdiA siella3zu neulad
AL 53 ol (sl entiafa wd 8 Fruel ardl ol uedl ([Rdluorn gl)Hi d se

C




e st

8. o Hrpe{l arcli 0,019l AR »Ug[dl 215 AL 25 5l d4R HAd €1y
dl Al (st usel Suiell Ada-dl enval qie 51) sl @k
YRURALL 3U DNA-l olg3usdl s& 9. A ALl A 215 arAwd [agla
(inheritable mutation) <+l a4 »ug(xell 39 8 dl d-L DNA 6ig3usdl (DNA
polymorphism) 5& 8. Guisd [l Aeuanl din-51300 DNAYL a4 iu
£ 51280 5 2L 25 Al (gl alsardl upn-andid @lRd 22 530 wsdl .
el (gl 215 Wdliel ol WHL AsBd 2L 52 8. ¥ sorazu [@QRAA
olg3uscl Gt Y 8. olg3usdl [Alan usR-l €la 8. Fl vy sl
A el Wl uRadq wu 9. Gelas wad alFiaml sudl sigzusdird vol
Wl @fist ©. %l [ di G2 aollul 2o 521

DNA BorBu2o1{] asfs Amam Ailes A (Alec Jeffreys) gl [@suiciul
2icfl. A2l A2ade DNAA Mol (probe) 2a3udi Gualol sul. Fui uslletl
o1g3uscll 8l aq alRAsid e 2!!1{! 2w &ﬁl?@. (variable number of tandem
repeats - VNTR) d3l% »{lanv{lal edlat. ds(ms #3s udal Gualal 530 ysal ¢l
d AL el sSBasFA (southern blot hybridisation) 8, ¥4i IRUAMES
(radiolabelled) VNTRL Mot (probe) a3 GuAlol sl 14 ., dHL 4+ -

(i) DNA- 2a0(ls28l

(i) REZsUA 28y 564218 g1 DNA was

(iii) SA52ISIARAA g1 DNA-L vidl Aedflsal

(iv) adllsd DNA vdl d2alid ved gud, o2l AL AHadl uddi

YR A0UdR8L (blotting)
(V) @sies VNTR Miot-ll GuaidL s34 A58 i
(vi) 2122134105 (autoradiography) &1L AsRd DNA il 2o 524,
DNA Boril2a Bolly uedi 2usl 6.1641 eulaqni »uda 8.

VNTR 22dldz DNA-L dolHi 214 8, ¥4 {ll-a2ed2 58 8. ¥l 215 il
DNA 54 88{l el vl ieoiled Ad slsaddl ¢id 8. 516 @5l 21s
Rl oflon Loyl Sl doiRedl vl [l el €y 8. yrugdi-dl
vl well GlAl G2 -l slg3udl Adl 1A 9. ¥l suRa30 VNTR-L S84l
uRadst ad ed €la O, d- s¢ 0120 20 kb (el 668)- €14 8. VNTR dioll
U501 $0RA3U M AL2RAHHL (ALY 251+l ULl Acl HA B, 201 uZl2AL
518 @5l DNA-U [ARre 2a3un s 538 (gl 6.16). 21 uglail auzul
% 154945 (monozygotic) Rl 9144 516 wel eulsadid axdlil 215 sl



Bl Riscl 2ulEad 2R

Mg PR~ — PO 2 o
: PEEEEEEEE

O TTTITT] ! C_TTTTTI !
A 1 Y A i !
VYL 16 VYL 16
| lsd Awil wd DNA | ilsd Buiell Wt DNA |

o

1

yrttaldd g5t uziiisl dvay Tl [wA
11 7
0q I11 2 Z
[ N .| e —
. BN\ 9 %
A — 73,
[ IITTTTT1] ) ——— gg
PRI 2 =
- )—/ — 5 2
- ) 2 ¥
DI 16 !
[2rtled 4l DNA () | YRt ugiplal % wr Rrgd
53 Anddl DNA BawrBul=a
2w 6.16: DNA BorBilou Riotiats uedi- : bealis uARMA3U R VNTRL [@AY

“ase Aval (sidl--oR) salaal suddl 8. auwe-dl w0dl He @l
ot itell GualoL Feil GURAA UAls Uzl BEalH-l valet Haddl s3AUME »idd
8. 315 1YL 6L ANA ([Ugs 24 Higs)Hi VNTRHL [Alay sl <ol €lu 8.
UlfRd @lscaril DNA-L uztell AlBd 2 6 %, DNA-U 42l il o5
Bl Holdl 2019 8 Ui A<l 1Al 2uddl «tell

ofle sl B[ @ld 9, YilAn0 A5 Raisad (PCR)-L Gualol s34
all Adelladia audl asid © (PCR (A9 d¥d MsWL 1141 A0™ 52301).
Al wRend S5 uel 215 Aumidl qodi DNAH udid DNA BBt
[QaayeL 530 ustd 9, S13(Rs A Rclid Bl vivd 8AAML dell GUALDL O FH3,
el 2 wlFs [ARMAA RElREl aduid auadl qense alaygl
Wiordl GuElol DNA FORMBIRa1 oirdiadl HI2 scUMi 2udl 28l 8.



e st

ARAU

lseds AR ylsaviled@dl s dioll WRH 8. DNA 2udlls wld-
AYEld 52l 2R RNA yuucd MRl 2eidRl 2 vMfsdail asid 52 8.
DNA »i4 RNA o6id 2iqdfs s ddly 514 52 8. uig DNA Wuals 2t
sl 2[R ay el laell A% dRls gt ©. 2 9di, Wl RNA 01l
uddl (s 24l x4 342 DNA 21 RNAHI Uk 24l DNA-] 6ladl gaamy
An-l [alredl d-dl (g guani cda-dl a2 sudal eidgirneld 8.
s 2R3l walld wa 6 euddlaolt a3 % 8, Ul ddlrld i1
AR AL g1 glgtoitefl Al €l 8. d-ell s gual ol gueid Ys iy
6. DNA<| 2ot 2143R01c €1u 8. i ulBuL Y2 e ool gl FER a8,
AReL Dl S8l 2Ud dl DNAL 2 v ¥ RNA<, 85dn 53 8 dl -l 5¢ 8.
Ucdist eAHauld sl DNA-L 25 giudl 2ude a3d sii s34 d Ys RNA
ARl 52 8. % olseRUMl UABd mRNA A3U €l 6 i o A{IHL % eudidr Wi
8. s, el [Auild eld 8. 51301 253l AsALAA]L a2 A-LsUE0L 2453l
gl Adl 1AL 8. Segirun g2 53 vsALA RARIdL glat x1s0{lo w8 A Ay
RNA (2 53 8. mRNAML dl 4odl 6 s34l sRidl Aqedl day 8
(Bradla 2udlis qddd Fala) & 218 ARARIR A3d-t 52 8. tRNA glRL
AR AdlA Y5l Rigid gL izl as1d 9 % 2As wqsas Rl 3U 514 53
8. uAs ABU2AR We [ARre (RNA 2iddl €id 8. tRNA [Afre AB-12iRiA
Wdidl 25 931 W Add mRNA 4 Rd Add w0l Wil ulrisd gL
SLO4tolt oildld oAd €9, Mdidr A (M2l A=aneL) Rolsid 8, % mRNA
WA RS ABAARIGAA sl W2 wouL YL W 8. 515 s rRNA Waidsoelt
oirilddl HI2 BARSd s 52 8. % s RNA GRus (Reladn)d Gelga 8.
GUNLAR 2 21s UBAL B -l (A5 RNA-L 2w 24l 6 % 2 did- 345 8 %
@ad-l Geatd RNARI 2dl 8. 343 ucls 2 eunid ala-l efRa wala
uBar 8. el d Padyds Fand wadl €d 8. udistd Fadd ol
MU (SdrL [Faneg uuy 24280 8., oiseRuml sl aiiR ol idl Ad 2RARA
AlsUAAL €1U B § A s M54 W €U B ¥ AIUAA 5& 0. As—UAA 6is2RU1
Yoed AUAA O, % Aselo AAUAA H2AL Bl Addd HIZ FAsElR 9.
UAAL (e A weal GURAd dsdiodl Mol U2 2R AN 8. %l
oiseRut-l glg aid 6. 24l 51281 2al Us1R-AL Fud- UBUS 611 GRAAS AsquRL-L
(¥t 2430 uRL %S wstd 9.

M DM U2 25 Hiel UIFS2 Sl. Foll GRA Hirld DML 1A o4l %
ol 2y sl el 2 Wisedl anflotdl el el e us. 20 UiFse-u
501 2430 HRW Aal Aot Hadl UL WL viedl 24l DNA BBt 35 dsfis
& %L DNA-L 3R 215 aellHl vudan [l dist a2 ed [Aludindl v 2ud 9.
U DNA il olg3udil Rigld W2 51 53 9. d-l s13[Rs au-y, o-(Fs
Falafandl 214 Gelasiil @aldsunl Gualol 8.
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10.

11.

12.
13.
14.

Y

{12 2l USZLAL 68 2 Ylsapid L aollsd s

3L, WOARA, w3, dar-tiRn, y3le e AR,

A Qadl very DNAUL 20 % u2ifiqt €y, di DNAUL 84 23+l-dl asiaudl-l
oLl 430

A DNA-{l 215 guctidll x5y {12 oo & :
5’-ATGCATGCATGCATGCATGCATGCATGC-3’

dl Y25 gualnl 2xsid 57 — 37 [Raudl avil.

A Uit BsHHL ALS[As guididl viegsin 1A WHSL dvaHl 2udd 8 ¢
5’-ATGCATGCATGCATGCATGCATGCATGC-3’

dl mRNA-L 2is¥ @vil.

aadl §aanu DNAL 56 [QBredit dieet 2 (s DNA ada-ri-il »143RoLd 23U
(A saUml AsdloL 54l 7 AnaAl.

2d2 (DNA adl RNA)-L il usla 214 duidl (DNA »ladl RNA) sdRid
lseds AR uslai 202 455 RS daH3L [l usi-l wiel ol
DNA Udfs g € dl Rig saL W2 dididl uaiol e g2l 24 493 DNA i
WA a2 3l Aa dle ewld 54l ?

{12l 92 dle W 53U :

(a) Yrualdd DNA 24 d2ai$e DNA

(b) mRNA 2 tRNA

(c) &2 gvidl 2 U301 Ymal

el eRAL Rollofiu-l ol 3uu oBisiail ol

S. Slus (E.coli) % Al 9la wl 26 8 ddi Asaly Gl As-A1RA GARq
d B, dl wedl A W2 Al Al uuY olle A5l GRRa] As-2URH s saue 33
s s e ?

(et 51l gl 53 (35 Al 6 AsUH) :

(a) uMlR

(b) tRNA

(c) sl

AL IR &ML 2 HiFs2 Woll WiFse dils vavuy & ?

DNA o2t 9§ & ? def wielloyet osaucl.

03 2uheq AR agldl :

(a) Qv

(b) Glg3usl

(c) ®UMidR

(d) sudlS-sHRsY




nsW 7

Gelasiu
(Evolution)

7.1 @al Gl
7.2 @da 43yl Gelasiy-
A3 qg ([Rgia)

7.3 GelAst Hiel Yl
487

Belasily waldstiq A @ad 23Ul Yl Gurl Sl xedi
8. ardlas Ad Gefas 4 ® ? awil (Bla--millions) avlel yed)
20 E BT BuR C{-i'%tl[fl%ﬁ u-“*: el ?-Ltll.i. %}f.a—tit AHYAL L2, w\ué‘i @qrq
7.5 $las Gefasia Gauln Aedl Anx suadl #3308, 2ed 5 yedl, di A 95 Wy
7.6 Geasi-d BuRM aellsdl Gelasin. aiofl aioll Aesnoumil (Adue-dl) 2 yel
7 7 sd-AS1005f Bigid sl (Agfta) cudil 3 Aol 20d 8§, 2 oua yedl-
7.8 Gelasind) il #daa Gelasiunl Aeaui 2 asis Gefasisll yss ol w0l @ass
79 seiaed] Geuldt »1e BAUR @il @ar-2a3ul 2adl Falildudu GelasuHl 8.

Gelasiu 7.1 @a-l Balt (Origin of Life)

UL BUUEL A2 Vel AULSLAHL AURAAL A2 el IR 28l [Adel
AU BSA A, AR a2 AdR WSl HuAH] 2ud B,
B 2% % Al A @l ol d idl arq (object) B & Fuidl
ugRA sl uloll il anil udal 943 2el A d 2] w1se
(trillions) (1012) Belle &2 & v cuiell e1et 2Rl v Y] weixil
8 V. A5 UL 2URIL U URAAL arAl BT 1A L o Rt b
8 520 5 d adHirsiosl 8. Aol o 208l 22 ARl BB la
QAR e adl udaisl aivll wa 8.

@al Geult aalisrit Slagiul 218 [ARre gedl Hital »ud
8. sals [@mo 9. Al Azeldl sl dl yedl 215 58 HA B, Gl8lg



@@L 20 [Bilays (billion) A i 8. sierisul aellottl 2usigviouil (galaxies) 20l
6. LSLAAUBL WAL, UYL 2 YAl Aledll Y . VRvR dl yedl 2 slalisil 58
2230 9. ‘efloeion aig’ 2w sietisll Gl AHmAcAl Hael 53 9. 2L 215 [Q0 s
allfas [Rs12 9. aais [BRad 2 WRRUA diuHi e 2y, st 2 [Rluw 48
AHY OULE AAUL 2L UYL ARAULSNRLA S18 561 YA A UM GEisHl 201U
RecHl 2u1dl. Biesl 4 (ghviou-milky way) «itie{l 2tustaiou-l AR¥saHl 4.5 Bildan
at ugai yeclefl 221 4 glale Helld B, A3AAML Yeell UR cAlctael Adid, well-l owsy
(aue), Badet, sto1et SEISALES del FHUFUL Fel [P0l gedl Hsd yal e AWA gisdl
oL, YAuiell 2uadl UV Beial welld gidgior 2 AHiZaoul [uild sul 29 sast
H, iy, %o 2l AAFAL 2 Ba 08 A1 s well, sois Qaisuss da
2y Aallogelledl 22 530, Al 2t Fnlel 2. R yedl 34 uS cu well-l ousy
e 230 Wi, yeel wR vudal vl well 2isg gy 2in L d HerRl MR
2. yedll Gaulrt one 500 Blau- al oue Yol GU @a 2eymin wdl Aed 3 doiedL
4 Buaa av ydal.

9 @art ol vidRauidl 2ue § 7 Sedls Asulfisl WA 6 %, d serell % e
8. udai-l ols QRS WA & 3 @adl 2154 F4 20 58 B ¥ yeoll ARl QR wdll
RANARA 24l URUBIL 8 Rl 2135 vollauellalidl i [ 8, wew wxy yHl
g, 8L HiraHL 2idad 5 @d Al 2 slealdl agall Fdl & wd v steadidll Gout
2l 8. 2l AURRA wrale sl ¢ Wl wa-lyds uddl sal w4 lid 534 3
@ Yd AReicd HAAAL Daniall % Geurt wd B, A48l AY 3 FRBd sarsHl yd dled
AL 209 dll Aidl 9 Yel Al 2l 2R 6l sARsHL vieell sl ervid adi yd Hfrexid]
Adl AP BeMadl Hidl HA O, WAERA Ftriale sl ARl el 8. 2 ol
aldidl 21 uaidl was qodl <l 3 yedl v Amad @a 4l dd RACH] 2L,

0L Asufis DARA (Oparin) dal $odwsel AsUFts &R (Haldane) saleq 3
yd AR YA #Fd SARS 21RAL (GelsaL : RNA, Wl @912 )4iell uuy @an
22 dld ASA. @arll - s Gelas sl Mule wid 2, 2ed 3 5018
20l Agolls2l siFs gl wEACHD 2t ¢l A A yedl ua-l WRRAR wou
Glal dvwriael], eawouyell-l disidial, didiarel 2iastd (reducing) Usta- ¥4l (HaA,
AHUMAUL Q312 gl . A. 195341 4. wid. AR (S. L. Miller) -l 23Rs+ QsulAs
yeelleti 2l i ¥l o Rl waotnounl Fuia 53 (2usl 7.1). dH8L ol sarsHl
CH,, Hy, NH, %17 welll a1 800° C ciuit Buat 531 $@s21s olleell RgdBlod Hs
sudl. dHA A 3 AHl ARARAR FleL 2y ed. 20d % ollon AsiFsiAL 2 ustL
UWUHL el UL, qul S, USAA A8, Lsse A A0 Fule 4y, yedl U
Wl Gestalled Yass sl 2ial sedl dHi o ol 20d 8 F eald 8 3 se1 Aaslam
weL 2l o Bt adl €idl ASA. Al HAlRd yarar ud A0BLs Gelasiadl dida atidl
5 2100 AR UAH Aseurll dld dlsia 6.




Yol deivl

— el Fsa

53U

< Yyl udu

wel-ii [Gigil

stollvs ezl
Gsag well BR1ad well

waMid wawl wa

2u50a 7.1 : R wdiog vudly Mzun

e v Al 3 AMAR @i [Qous Wil 93 ddl @adl qauAals oflosit
(metabolic capsule) 56 3 Georel il uam w5 (non-cellular) @a 3 Bileus ad udal
Bt %Al g8 g, Ml 2Ud 8. o Hlel 248, éldl AT ( RNA, idlA, Welzusds asir).
azil se1 ol sy (capsules) 3uMi Wdirdl Zld U 52l €l ASH. 2000 Blau av
uedl Yl uud Sy asdl Gault add Al Hi2 sl dil 055004 gdl. oldl % @dd AUl
wellel dldlaR@HL o Sl UM, Fawtd UHEL 21F (A5 AL A4 Gelasiu-dl uBu
4, HUH Ddd SN ARAHL 2Ll € dd He el et o 2elst 8. 56 Ad wa sy i)
slad ¥R Fa-alae wulRaanl 2uef ¢ 4 e dd 8. asll 2l 1A 24 8 ¢

7.2 @dd @3l Gelasa — s ae ([Rugid) (Evolution of Life
Forms — A Theory)

3Ra1d wbls AR 2uRlA (R A%F-dle @ eud O, il Rigid UHISL A8 AsAAIL S :
UAH AAAL Yoo 2% AL HldL 6HL % AWl (species or types) AL % @3U Beu~t addl
glal S 6l sl yoret Gl ud ¥l Fa-[AlQudl uddl edl adl o el ua 284l
Al wsdl Howor yedl @1l 4000 ai g+l ©. 2L ol o RARA 194 AL Avid Ad
WSSRAML el 2L [QARL A AN AU, oflold Aol Al we1wHl [Queirel aydl w4
gfui Al QA (Charles Darwin)«il Addlsll U2 2R 8. AH9 dRRL 5123 & yed]
YR Al HIoL DLEHS A2 AUl £ 6 ad efl w el udalini Ael A2 uRL du{l AL
6. Ui 22U Al it wdel 8, yeelll Slisiml (A4 AHuoUUHL 235 Al ¢ 2ddL



6 F+{l AR 235 Al w2l Gl 2uddl 8. @4 UL sHA: Gelast Wil 8. 516 WL drdl
careliil el [Qfandan 8 e 6. Adl caBisdidl 5 % seais wglas WRRAR (saru,
vl ellfas vesl adl)dl ay 0l Ad 24l al W2 uaH e 9. w11 WRRAR e va
€l dat uieoo Avl 2 8. 241 12 ofloal Aot UoU & ¥ ulEddld AUl dredl W2 Al ASIA.
% crell=fl Wloudl 0] A yecll ur 251 4. 2R S M AUl H2A S5 Ut oYl
aell Foil walazami ARl doadl 304 8, il oflo sl af Adl Gaut s3A 43 . aell a
At AU 251 A3 2L g L WRiE 52, F A8l AABLs el sel. ¥ Gelasrrl s uBu
6. 2lell, 248l Ul 2038 WA (Alfred Wallace)d e 5314 5 FHE 2% AHA HAU-
Al Aaul 514 530 20d o AR U, AHY UAR Al 2l A3 dd evfld) KA a
USIRAL Al RACHL 2l AL SIAHL, R AL 6t % AL UMl Al
HAL D el 6L % YA AL B, AH 9l 2L YA yeelll Slasiadl [[RM 1A 619 gdl
[usedlyoL (epochs), AHA 2 se4 YU (eras)]. Yecll-dl oRdARY Slagin 1 yedl-u F(as
SRUSIA AL Vot % AHLAL AT D, el 1ML A5 AREL 2 B F yecll viot g+fl 9. 242UGL
(22l 3ol d e Al Y-l A8, uid d 2o (Bulku--billions) ad g+l 8.

7.3 Gelasin W2+l YAl 8 © ? (What are the Evidences for
Evolution ?)

Yol Y2 @il Gelasiu wdl d aid- yaa aell Raxidl wd a4l 8. [ vsiHl 84
@A UL Wi R B, 8L, s (AA drdll) (sediments)e [F3leL 52 © 247 el
AR D 2 Adc UL B § Al cdrelle{l 2Us 2R GuR oflont 2ctR+{l ollsarll yeel-u cion Slasin
e 9. [ARY qul aAE] vissl [t @t 13ULAL 2AH2AL YA 8 § % @1
2L bR WSHL [FleL e0Rain Yoy il sl auinL Seels 2uHMs wwdl A ALY
eld 8 (dusla 7.2). dvil e Awdld uAFMBa 52 O (Gelswt : yu-ilR). [y Hauel
2Rl A[FHAAL HeAIA d AHE ARetcd YA e+l auofly 2ial@ eald 8, w1 w1y
gld 8 3, @an=a3UHL uHY WA sledld Ad B AU b2als @a ¥l AUYs ey
wnouon Yl 351 Wil el dal yedl-il Slagiml gel-gel AL Dadi dal a3l
Rl Al 8. 2 oiid A@EQeusld (paleontological) YRLAl 58 8. ¥ a4 dle & 3
2leH 21l Guzedll w12l 34l 21d 324l 7 4 a4 A34l vil52a-3o1] ald 21 ul3al uesa-u
Rigidlq 4ig 520 el 7

Bglasu-l aeifaenfla 2ut12 212 54 (Ernst Heckel) U@l 2L, dsti 2iadis-la
IR oL yrsdellaiul S2ais aall A6l dotsst eHuld AL E1d 9D, YRl YWodHl SRR
glu 8. GeleRl dly Midd AR ol % yuseiallziie aeinl ol wieon waliee A
slerl Ul (2A0) (s B U3 A $5c HRUUL % 519d Sl B, 2w Yoot Yrsdllainl (3.
A%, 2l L1 516 212 dit 60AR (Karl Ernst Von Baer) glRL ML 214G 51029YA 51
vioaul sl sizal wudl gl audl i) ed 3 ool 2w wRlllidl Yo detssiziiuil
S4I3Y AR YUl A,

Qs vida@e i sLaUsIRMEAL Sldnl 2 A § ¥ 21oUBL arllil R Sl
ddl Ul 422 AMHIAdL A Yelug] sAld V. L AMIAdzAl WRell A58l 53 AsA F AL




2l
(Triceratops)

FERTRIEY
(Pteranodon)

PP IR{EOR
(Crocodilian

{ ‘\: L o ;
AR
(Stegosaurus)

gl 7.2:  gu-iig dandell gan 2 dAs Houdl 2UpsiEl 4Dl Fal S HIIR 2 uallbil

yaaAHizll sle-l @dl Glddl i ¢l 3 34, Geledt ddly dd, A Ral, Rl A Hia
(614l AcleAL)HL 243 GuidLrl URAVIAL cudl AL Hdl 39 & (2usld 7.3 (b)). 20 ol
2L WR02AML A2 GUidl [t 5141 53 B, Avil AR AALEY AHIAAL HAD B, 2L ]
el 2121 Guiotil o REL, AR, USTURRL, HRCIHRAAL, WAHRGHIRAL 2 2R
€l 8. 20, AL WRllHIAL AUV 61HIRRL (RAAL) HRAAdL 210 (514 24l uig o gEl-oEl
Rauni ute a-dl ogel-oel 3Rud Yool visld aul 21 vuudl Gelasu (divergent
evolution) 21l 2L AU UAHHAS & ]”AUAZAU (homologous) B, AHHASAL AHIAL YA
FERL 53 O, wrd Geleeldi Yosdallaiiql eed wd W1 8. adufaiui uL olloide



(Bougainvillea)l 525 i  gs6lel
(Cucurbita)l USLSYAL JAAUALA oL B
(gl 7.3 (a)). AUl AU U3 Gelasm
AR 8. 212 stz Adl Bragsa [uRd Rala
golld 8. udlBi 2 ualledl uiv avll evuy 8.
AVl Vi ALl (R A, A2l 9dtl AL
sl 5 9. el siluza -l Ssitudl
GE._\[C\{ER{ (convergent evolution) - AHL 512
H12 [Biet 22121 [A50 ©9 wi dl AHIAdL HR14
8. AU UL 2ied GeleelHl s2uA 2
Actelisll A A URAA 2 Sl Baurl
(flippers) £9. 51 id, 58l 23 9 % AU [Rae-IA
WRBUA AL YEI-%EL AHELA AL Hriseel
Uil WL €A Udg ddl % AL Sl HR ¢
AssRul (Mo 3uidR) 2t el21el (Msise 3uidr)
A sz ol ofly Gerga 8.

2l Aol A b uel 2l Asd 3 WA 21
oefleiirfl 51l AL [l AL
AHIA B, d ULl AHA Yd dlald FEad 53 0.
FARRAUARLS AHLAAL YRL Al AHLA YAyl
YU ds SARL 52 O, ¥dl & ([Afay awdl a2
ALAS AHAAAML el

Uep™ URe 52 et 2in el S0,
GUOUA, JUARLHA AL YA WIS A s,

ollatde
(Bougainvillea)

(Cucurbita)
(a)

hecth) c@-.C-t(}:lv’hale:) QLB{{,,(Bat)

(b)

w5 7.3:  was U0l Gersell
(a) a-tRuliAl 24 (b) uellil

Wepd gl e WR2AL 2 WISIAL Wi tlrllodl 8. vldl A58 WEA 51A5HL W
25 Adnial oflw Qe nd [Qsudl & (Berswl @ sdll), Yid d €y WL s ¥
Al O, Adl db 2uuaHl 20 O F e AL il Adl Adl Qs asdl €y

dl ugla 2 s el aini 33 ol 53 wdl ?

uislis wrisoll gl Gelasi A s s s adis Sodwsell 4A B,

FHi 1850541 M5BAd s2AUML 2144 €L (moth) 212A el Bislswl udal 9ail Gu

ude wivllaon gel, Ad-uiviiaiot sadl HAASE0S SEL 5l 9 Hodl Sdl. s AL

[ctizuizl]l 25181528 sl 2 uid HelBislsa ole Med 3 192040, 2L %

[Rcizal 830 wiva el ay Adl qe »ed & uu [QulRd ed. _
2L aelsdl i sAS B 3, ‘Busidlail [@AlMeu] ysePul el ooul

A 67, 2LENBLs15281 sleril AHU UL, Garril ag HEBLS YHISL i A 51281

AL o=yl 8. L WRRAM 2R {12 uge wivia gel Bsidlpia 5128 w1Raa



w5l 7.4: gl us Gu Ade uiviysd el 2 A uiviysd gel (Ao
galladl 2150 (a) 2ugd Ryl (b) uelid Rrdiul

2sidl asa ALY, uid A3 uivt Audl AA-US gel 25l dL. HelBislsR ueal,
vl uge Wil sl glg 83 ¢dl - »U Yol ude wiva el wkaa
251l sl uig 831 wivaton gel Rl gl vals 2. g dd a8 9l 5 argsn
2 Yilellis ugner [edd 53 & 7 ugld [RaAl gla widl el 2 ¥ ge
Wil (camouflage) 530 sl Al d¥e AR 2stdl asa (2usla 7.4). 20
Ayl A 2 el 1O B § oul 2[elBislse ol vy ul - Gelsw :
[aRcu1ul #é-ls gereil Avan el 6. 2 e2ld B 5 Bist ardlil dil af A3 2iisan
AR, AR 2519 2 el seHl ARl 52 9. dle AN 3 515 vl Ad-l dyel
[Qrua adl el

2l % Wl dRiadl (herbicides/solludsan), fa-uasl (pesticides/
URRAGS ) ARl alpusell Gualiotst WRRIH 2a34 il AHuouaHl WARAHS Adi-L
wiedll U, 2L olotd Y @dl A WL AR Wb Y O 3, FHeAL W U8
ulaglas gl (A2 cudll2s) 2adl ea>iin Y5uE-sld Awdl | Sl A uilx
el dell ulaRis Al [ SN vot wdgl 3ed 3 ugdl AcileB2AHL AR dl 4 -
wudl auldl evidl gl §. 2 WaiRd Bl g ad Gelasri- Gegell
8. % A wa wud 8 3 Gelasi A wredle-Al w1l MER uBaL <l uglani
aseil el 2wl (gl ds 2uR d 2RU5R2s (stochastic) WAL 6.

7.4 234(Ad uARR 9 8 ? (What is Adaptive Radiation ?)

SUEA Wierll doll erie SletoliA 21y GUR dLUL Sl Ul AL Al s
widAld sl @A AS. v 53R Ak sl el 3 % weonell aldd B
(Darvin’s Finches) $&a1y a8l disl vol 2064A0Bd 54l edl. dHdl d o 2y Gur
aell Al Braat AS. dH2 viewy sl § ol o adl d-l Ad ¥ ey Gur Gelasu
Wl 8. yuoid Beauni ollzaisidl qapiel e-118 »iey a3uL He YL dsl il



gl 7.5: Bl ainai RRMAS % WEA Slatoly ey GuR diHl

(s 4 3 9 duq sleciall 2 wsterdl B oi-udl €4l (2usl 7.5). [l
Al Gelasta-l Bl ula olollds [z 2is Bigl a3 531 ol cllolif@s
(RidiRl (Frarenddl) Y4l urasl B A45(&d UARRA (adaptive radiation)
58 9. WA B 20 us{l Herti 315 Gu Gerswl 2% 53 8. ol Gt viiRlu-
“HRIUMA (marsupial-slaelladl)d ©. Hel ool RifEd Asellondl Bt gal
(2uslt 7.6), @il s o Yol axeHiell Gelasia WHd sl uig d ol vliglius
2yl Hetlgu (vis )i o (A5l el 212 et ollollfeLs [Aaiui (el-gel dudlesi

™IS a3
(Tasmanian wolf)

LIR AR ad
(Sugar glider)

_ e E
WAAA 9e9eR 40y \?:n

(Marsupial mole) | e
e & UHREL
Sl L)Y » & RELTTENETE
(Koala) ""’tl%;a[a"lﬁ-ll 4 7 (Banded anteater)
w.p | (AUSTRALIA) (i 4.
) K 4 M\ WAUue Gex
o=dlge B (Marsupial rat)
(Bandicoot) 8 \ N \\
“juwts . ETRIIEY
(Wombat) (Kangaroo)

wisla 7.6: il wyfuasd siasfdd uaa




/
y

%Y Aactrl ipluq wyliua URFRC) A5 53l ay, sl HA Al 4L dl ad
(Placental mammals)  (Australianmarsupial) 3. ya19) (convergent) Gelisiat 5& 8. 2Rl %214%
i Aclrll URL s NARWL Al V. 2L USRAAL B ALY
Aretrll, Y MA (Belew : Y% 43 U a3ilaA a3)
AML 243U (s e 8 (2usla 7.7).

7.5 %las @E\E{&L?:l (Biological Evolution)

1AL AL wslas wieallell yedl GuR Gelasi Ul A3 udl
e 2R [l 20uARs sudl 4AAdl ddil Sy
23Ul 232l 4 8.

Gefasi 20 sldrtatesdl Yo w2 wglts wieol 8.
Adl WUl U2 Ul £ WAAAS WALl WAASI ALY

M= GE.Q (Mouse)

—
-
-
—
-
-
-

WAL R Asndel Gl . seudl [Renw wdl ug @dl Gl
) a' Q "\-] 5 - hy TS - H b
i.a_c:%w) au&tqu@a% \ deiraHAdl HAA B A sAlsiHL il v wnd 2 8.
(Spotted cuscus) i . . R .
Bledl AUE WAL 9lg wAdl ciseRunl 215 qisd (JIRL S A)
3Q-o2 vieL 825l GualoL scuefl il deelui [[lRHAL Hd 8.
(Flymg . . . Y = =
phalanger) | B dluRR $2512 SUML 29 dl drclll §5d d ¥

AL (IRl 3 B) oufl 289 5 % dl stecidiedl uRRakHL 241
WL gl w5 M avy (wal) el 20 axdl
B3y oflon sl a4l A Adl 2l dls Rl
AL, UG AL [RAAHL % Ad B, WL 2L % slsld TR
Uy 3 Wl W2 @l U R aul @l adl st 8, s1a
% Ml @adsin avi-l €l 9. il 2uul sl wdlaA 3,
Beil dloydl A 52l el WRRAMR A ay wdl 8. ugla
gl 7.7: gl wyfag ”}'\1 T WA foyqud o wale 53 . N we wvg @3 B 3, sdaidl
e e o QLY ll 3 ABRLSAL BUR AUHRA B § ¥ ARAIA $1d
6. U], wiedll v Gelasiu wnal e @y 2uHR dldl B, oflw weldi
Jedls DAl Gledldl WulaRaHi 24l 28al w2 at A Ad 2slad ada da S,
eAsAAMAL ARARLA 14 8. d ~{llFLs 2UHIR B . Qloyl L wsseet WAl

#Hdl 2 Usla gl el wal Hied, ilad wReux 8.
wvusly MA@ (branching descent) i Mglas wdesll 2 ld--u

Gelasimatedl 6 idl3w vedl 8 (ausld 7.7 21 7.8).

SUE-L e 37 uglalag Qs sef 3, uwa @zdl-l Gelasi 4dl, uid d
Biollel GualoL 2l (BrGualoL gl AARA dl. AHBL US|, Belew 2w, ¥4
—— Glui gaiii vialou el Aogar W2 dusll aiResl dous auil wuaslid uul.

2 aioll diRet GUlFd aael adl wigoul WA et s, adl oue @3
2412 dloll drRet U 3. i v WR SIS [ el s

(Tasmanian wofl)




9 Gelasi 2 s uEUL vaal v UG uRsun 8 7 »uusl ¥ gl
AN YA A WA €14 3 MW uig d Wt Gelasiu-dl 2 215 us ona 8.
R 2Uusl 2t (Al onan asidla el R wudl Gelasiud s uBul
a3 asiclad ¢ilat. oflon AsctHl 2 UL Yyl GuHAL AWl DAl
suail agsidlal ¢lal Ul udl Gelasrin wglds uieall séadl uBu-u
wRaun ddl3 yadla sla, 2uudl e wa ydl d Gelasiuq Aecinl suslis
wRiedll{l uBU viaalL il e wEaii-l wRaual [ e el .

2wl AsA B 3 MY Hiewy (Thomas Malthus) el Uz 514 &
uet[Ad 530 o el mslets uriesll 235 Haclisedl GuR AHURAD 3 % ardlas
ld. Gelet dld geadl Aldl HullRd 8, ucdie3h wdslu 3351304 oue 52,
arelle se 22l 8, arell-l uel sg1Rell %idl UM AWLAL Slal Sl daRlH
[Riricl 214 8 (e5lsaHl 6 alZail el s Fofl uull €ldl <8, Hiel et
(AfatdL AL €14 O QOIR. A 2L % AReAsdl S14 AL A €35 ADD HegdH
£3 Uil 52 dl Agilas Ad el (51251 M a4l (21 % e5lsd siseRunl
vl adl gl g1t AS ws1d) A0 A AU D § ARelds Ad axdld st HallRd
69, dril 242 2 A4l 5 Aldl M2 UHL WA B, AHHS dHL 2iedrll G151 251 AsHL
2 (A5 AL 2R Seats Gl 53 sl A8, SlEd- ddlddl 21 drdl
ABELR 2 ol 1 AU uRYAs U s 3 [Bmidipil 3 F Aaold © w4
1S 25 HIe Aldlrll Gualol ay AR ei=id 8 (qriaied A1l Ad ssfeid el
89). Mol el % U9y, (A&H) olrlld 8. % UL 52 2 AYHL Ay Adla 914
o, Ul MR AU 2 2is Udlvll WSl ousl alle, ay uru Gel
520 2 drell-{l cla@saizing $2812 13, WRBUA AAd 43U GeMadl.

7.6 Gelasiudl (3alald (Mechanism of Evolution)

2L [l Geoid 9 © A 3l Ad enlaHieL (speciation) Ad & ? au
€9l YL s clRAUPIHA A AS ddl S5l [Auuul el 53¢l & ddl a3y
USR UR 2R 52 8O, A 2L ouotds x1q2iRll 6 & 2 sloid UR Hisl 28l
L. 203 ALl UUH UL EPRI-e-ERA SalMoL U (evening primrose)
aetRufel uR st 530 [glaru [0l 2% sul 3 [sla Aed axdlul ists 2uad
Hig eiugl. UL 2 g ed 5 d [@Asld o © ¥ Gelas e sracd 8
B UG 3 3ol el el el (2uqdlEs )l aid s2qd1 st d .
(usle wie(Eos 2 Ranfadl & wuR & [Bridl -l 20 Rauas ©.
Al w2 Gelasin suolg B 8. ouR e-B wd (sl o e
5122 B ¥ audl A (WA [Agla 2 215 warg) ald sl wen odi
axcdl ol-ifaen-dl st vl eels Adl el 2y .




7.7 Sufl-ageol Rugia (Hardy-Weinberg Principle)

A il oefloiel AsfEus a3l 3 -l @ir(locus)dl »ugkt il wsiy B, 2L
gkl @otel il A Ul 3l wa R gaas @ 8. sf-ad-oael Rigid
ofloratRiclld yoteil Gualolell gl asd 9.

W Rgid 58 & & axcldi asl@s 5150 2ugh R 8 © 214 Ul €2 Wl yHl
2§20 oA 28 8. %+l Ad (gene pool) (drellHivAl & w={l-ll 247 dl As(Aus 51241)
2§20 28 8. A ¥{llFs ndant 58 V. ol o Asleus 5151+ 2ugRdiAL oA 1,
U[5adld gl Gelel ddd duA p, q AR AUH 2ud O, RElUML p 214 g, AslEus
5135 AL As[EUs 5125 a-ll U9 £Ald B, axdlil AA fFiold uwdl-l 209 [ AU
P2 8. U 2=y A wat 2y 53 Aty 9. e 3, (2514 udl-l binl PRI Gur aslAus
5125 A 29[t p AA 2iadi-l asudl 2 Acna-izild WReuK 8. eLd., p2 2 %
Ad aa 3 g2 247 Aal 2pq a3 aiad 8. el p? +2pq + g2 = 1. 1 (p + q)? [Rufl-d

(e Gl -
ALsS A 6

“mg[&&
yieoll gt
Y3ie @3U

4 [Feold, AvL

(®

23uasll UsiRAL Al

(©)

w5l 7.8: (2) R (b) Bawas 214 (c) @AUs aael Gur wslis
el WG iBd M3ua



(A2 8. 212 Myl 2iadl 209 2000 yeudll [t €l dl 240 geiug]
Gelasriu 381 cuuscl e2ld 8. o<Fs Angel wadl eud-as-owl augann
udd Med & s ardlil asl@s s1si-l 2ugRnl 325121 WReuM a3y Gelasix
wd B, dd wdued suY O

iz u2sl eLdl-ad ol Augain 25l dld ol szl ude 8. dil
oge{let 20U dR8L Aeal we{lmale, (s [Qaan (drift), [@sla, #-lFs yRidig-
2 Miglets wiedll 6. FuR delll SIS WL eudLd 2y il ardlHi 2amide
24 B AR Haeid A Adl el wl2ugft 32512 WA B, da <-4l | Asleus
5151 Adl acdldi GRUA 8 2 el axcdluiel d g2 A 9. A ol @aidw
ARAR g €14 dl d FeilAnans 6. L AN FJRL A ds gl W ddl €1
dl a ={l[+s [Qadn 58 8. Jedls R AAdl axdlni dsleis sisi-l 2ugluui vol
o M2l 38120 €A dl d Bt old ails [AsA 8. yaed [Qaldd (drifted) ardl
RUUS 6l €9 el AUIL RS AU (founder effect) 5& O,

A& el UrAL LA e B 3, yd-2ARdce HR1adl eloisidl [@slail sl
uedll WH € QU drll uRBUM a3 Adl :d3U UsIRL Adl HAL . seells Udlail
ugdl, o alafelee wRam 8. wsldas wisoll 2 uBul 8 3 FH Ak Ul
25 ddl [l @ad- estdl 2% © A aff Uy ol © dal il dvaa
Al Uel 52 9. db URA [Qsdnet 2w [ 20w0d 8 % [@glar 5128 2
eflrimalen 5128 3 -5 [QAAAA 51280 wHaal yesiFuieL el Yo
Aot SR8 Al Pty ol Wlml ol due AslEs sisi-l
2Ug Rl $251M10 YRR 8. Juslds urieoll gt %l uyei-ls sl auR ©
2 el qrell Ly 22l w8, wuslas wieol RRdL (FHi a8 elsidd udl
AR AABL [ Hedl U 52 69), [Rusld 33512 (221 Al5told Adl U3 (HH)
Al [ Hed GuRid-l ¥ell dd s 68) adl [A8us (disruption) Gelasia
[zl as(curve)«il vinl 93i-l daile Hew ay Acdiml ud 53] Rald des €1dl
a4 & (Guslt 7.8).

7.8 @E._\El&l%t*‘l..\l Al Andaa (A Brief Account of
Evolution)

@d1819L 2000 (Al a¥ uedl (million years ago -mya) U SiMlu @as yedl
U dl Mo, HSIARAAL st HeIRL ML 5N A4Sl A duiell
R HLadl S 3ol A e wea d onell ase el sumiL Seals S
0, s sraril &¥dl HRAAdL gl 2 UBAL ustaianaHl adl st
dotsst Fell o el L wellel 209l [l uBuL 3Ausia-i Asel s2a1l w14
oy 5By ustasnel 3wsaedl gl dl ag addl Baell adl edl. da-4
5502 Ul ot AN ZUHE AR HR1AAL 24l 500 Bilu o 24916 (mya)
2y rsciaflail Geotodl vin AFY YUl @011 350 BUlRiut Qi 210U sotifdl- el
Ge@dl. Axgrl A 24 32els arrulail oot 320 Bilkas av 2106 2R




va.l 2 A

sqle3/Ada s
(Quateria:q’y) utqubflwgl \(;{guﬂ
Raiall EREIREN]
?%:&}i%;{;’% (Bryophytes) siseull
B 2 0200 R A [zeull —
> : e ;
Beallan Sﬁ?&gﬁs Bsla (Gnetales) (Rigghiedons)
(Cretaceous) orsetails) | (Oinkgos)
el s .0 . ul
%Ry ; Avidll  gigudl apuly  WHBR
(Jurassic) F%fgggﬁ‘;‘)“ (Ferns) é((Ccmifc:rs) + (Cycads)
AR
(Triassic)
Wi w1el3A -2 sl
(Permian) (Arborescent lycopods)
2 I W \ o
SHid
PINEREY (Seeds ferns)
(Carboniferous)
YR |\ UEL g oflartdl
(Devonian) (Progymnosperms)
AUdlsI42lA (Psilophyton)
%ﬁ;}l ARASIUAH

(Zosterophyllum) WAL usRAl adulii

(Rhynta-type plants)

ales Uslladl aqufd ydoa
(Tracheophyte ancestors)

eRaselly arauly ydod
(Chlorophyte ancestors)

25 7.9 0 eRddd AHA gl arRuliazdl Gkt euladl 2ugld

138

HR1ddl glale il 8. 2Bl €l AslA 3, anufandl @l UR 2R AUUH 1wl
gall. 2R Wl %3l YR 2l AR AUl Bl UR vl o YaRAd dl. IR A
Hogoyd Hluaiaoll Hioeluil ol vl wellul wiedl 531 asdl edl. 2 a2 350 By
Ay »2UG Al Hodl edl. 193841 el ABZs1HL ussAd] Hau Aldisi (Coelacanth)
Uelldl eddl, % it addl lard Al 2ud 8. . wellaiid distl-1 (lobefins) dily
vl el 3 Fuidl nay Gler@dlai Glal el 3 3 ole i wiell A4 i gou1n
@dd Wl Asdl. AL 5SS % AL 2UuRll WA ol Al dd ol d Sldnl 851 A



2162131 =T

(Turtle) (Snakes (Crocodiles)

S 218 _ HdSk
Tautaras) S il R ﬂ
S12160 Q{I."-I. HIR HdA
)

sqiei3l/
Aqdls

R gdlus | 50

AUTIENE]
(Dinosaurs) (¢\t)

F2Run | 100

%URLS 150

dauf@a <
(Therapsids)

FUEE 200
1518l

250
UL ER ]

AR
(Sauropsids)
300— AR
PIIREREY (Synapsids)

(Pelycosaurs) (%

yd ARYUL (gut)

2u5(d 7.10 : oddly wuuouaL gL yssdalliinal Gefasiin S waRBia

AAPMLRAL YR el Goapaliz AR QL] et il 2L el S6 4l % GletuzodaAle
Sarll s WL LS Ul ~Adlcll. @ittt 0§30 s 2UUY 3 Pl AR, SR
(Tortoise), 524U (Turtle) 1% HORA A5 AN oL AR slerl 200 FRHA Q¥ 2udlL o
el [Pt 21512 244 seaion AR vl Guz ueudl 26l o s+ (Biioll) sl
gell. Uid o ot HIR-H1R Yy winlal Sleriie oldiR eisll oldL. dislL Sedls AMad: 200 Rldu-




ad yd (Gelead : S5lpRARA) HRd Fal ARYWAHL Gelasin waal o3l urdl
wieflHi wieor sul. ol uR Watannl ARYUL MR Ad R0 sdl. dHi-l 11l
Higl v2d ¥ 2uURNRYU U (Tyrannosaurus rex) % A3 20 el GRS A
QU MAIAs 5212 Fal tid HRAAL gl A2 65 Bl ai yd Ju-AR AAss
yeel well 22 dul UYL def A 518 ARl Al Hisllgalsly $EIRIA dilA
Wl ¢ dd deals 58 8. Jeals dd w58 8 & duinil Hlel euotii uallaiii Gelasi
WAL AL 21 oAl 22l 9. d AHUAL AL sl ARYUL €1e UL wReAcaHL 9.

uddl Actell 969 (shrews) Fal cl. ddeAl DAL ALl 58l al. At
U] (viviparous) gl 2 ddl A ¥Rl 6Ua Hidldl AR+l e B
AL Sl Al Adelddl v o ainal suoidml ve % oyfguoll gdl. 2R
ARYUL 24691 UL AU At Yol U so1o wHIedl. elEel 07 R5H1 AL Fal
5 oaigL, [RyUvizH, 9, Audl 9913 HOdL UL %l HoldL sdl. YRy [Bad-
(continental drift)-l 5129 £&RL AR 51, Bl AR 18 ALY AUR 240 Wl GdR
AR 51 R2AL 121 91 1L, AMLA vRE [Qaa ([[ranud)d 51291 % i
slaoldl Ardedl 26l 6 D 510 3 AHA wed Al 2wl sl udl AR,

2l A ol A gl 3, B2y Ardedl Ayel Ad wellHi @d 9. dd, &,
Ala 2 eRuS oun 2 ddl Feals GewgRell 6. €L, wil, Al Gelasin 2
Gelasial 215 QAR su1 D, A drll 2Lea1 2010101 G2, QRITHL 52301, Hirta] sl
$A9AL A @l A HAa-Gelasiu-l onan 2l s 8.

dd 13Ul GelAsiy, MRAZlY HUES UR d¥rll UMY SIHAAG Ul
gldd 8 (2usld 7.9 w4 7.10).

7.9 Wirasll Beulrt 211 Gelasin (Origin and Evolution of Man)

aael 15 Bl al yd QaiREs dal UREASRL Al WSH2 ARACHL .
Al auaion dx olRaL 2 Rruofll %4 Alddl gdl. UMASA aY Hidd T
el 2012 1AL Al HY Fal gl SERURAL da drolRa (2usld 7.11)4 Sees
HB WA-AHA R FaL Holl 2l 20 Adld QRIS % 2 Hddld 2
Qi 8 3 3-4 Blaan ol yd wied Far sty yedl 2uB5Hi Qa9 5L sdl.
Al Aotad: 4 g2ofl GlAl A sal uig o AL WAl sdl. @oieiaL 2 Flda- al yd
WigdlRARIA Aetad: Yol st el AeldlHi 8l sl YdL eald 8 3 d
A3 YeaRlHL SRR RS 52 gl 43 Hueid d $01 vidl Sl WHaLHl
A HRAHIAL S2ells AR Riet gall. AL DA UUH Hird Fal seldl Hindly
€l e €1l SR sl d¥-L HoL-l a3l 650-800 ceril 42 ¢l o At
iR vl ALl 189141 il WA AL 20010+ A8 UdL2 54 Aed 3
€Il $2520 % AR 1.5 Bl adl yd edl. €l $3521- a1 HIg ed ¥ @t
900 cetl . Sl H52: ALAd: HiA Ml dl. [Fi=sad Widd 1400 certl HRes



gl 7.11 1 Wod UM A, o ol 2 wod Reutsofl-l viludll qa-.
Yo Routoll sl o Resofll viiudl yod el v ay
wadl »ud 8

5% 12 1,00,0002 40,000 4t yd yell 244 3y AR 425 2l gl duil dusil
A2l 28 M2 el GUAIDL 5l Sl 24 dHAL Ydsia AL sledl gdl. €Ml
AU 2UF51L M2 2 ([AsRid 2d1) dan A4 VML R—ANAR 2uL 2 [Gi~
AL [—sRId 2L 75,000 — 10,000 At 242UG [R34421 e(iu 2[5 €131 AU
UoL2 %L MIAUASIRLS 151-5c-ll A5 @161 18,000 bl 49UG Ul gl WdLeIRis
Hird gl AUl 52 Rl Uz adl AuAA Preari ofluolest wss GuaHl wudl
25 OLSIHL Adl HAL B, A 10,000 Al Yl 5[ A3 2 A Hida-auledl 43 4.
ugsl ¥ 4y o il Slagiaddl glg 2iq Azglaq g218iel eudt edl.




10.

ARIA

GBS 2 2 53 yeell-l Gemadl Yy Bl o yedl w2 wasl
Beulid An® Astd. el euoldl dsulasidl [ aualbs
Gelasuul © ed & @ari-l uan Sl a3l £MI qdL yd
s 2l Fule el uay wawdl ubll ezl %4 3 @asdl
uuY 23U o 1y 7 addl 2uHR wglis wiedll g Fa (swells)
Gelasi Fal s QAR w 8. alol adl eA(Mdiq @dd 3
(AlafRdr 2udl ©. g Wl 2ud 8 5 adldl Brtdiil aardl 21
A& qondil WRRUA 8. 2y g2l Fell & (Faan-t [Qeust 21
oeillfs [Qua (genetic drift) 24l [AlQtaivila Adl 2l 2 dal
Gelasiy drs €13l nd . Wil MadRLd AELEWL AHAUN 54,
artcts vdRalfeal, w[Bpil A Qa-llcls FaRAARAR
BelAsiaril yaal Y uR 8. 518 215 o ala-dl Gelasiu-ll sl sl
YMS Al Gelasiaddl s Aqldl A% B 2w Adl B F H-la-
HoLY il CUNMIHL AHIR Belasiu A4 6.

LYY

UG waieollate il WRNEML diseRal el vadl ulaxlas ulassdid undlsa s
AHARYAL 2 dlsBi dsuls aviiniel SIS Aal wuBll 4 viaa Gelasit Aoilfid
Hoteleldl wasidl i 53U

Al woerdl e LAl AHIUAL HAL S

Wrd-Gelasiudl [t waivild Wl (A3 @ Wy se 2 514, Ss1a-oieL, viiussl
wRigafl Qo).

232 2 dlsBiy Qsus Avil gt 2L 3 9 et Riaidel 51 elpiiui e-aeitddl 8 ?
greane AuLHrlAl Gualor 530 2yl 2uyAs 10 wellvil 24 Al sl el ot
CRICTRCERTIETC RN

[y el 2 anufaiil Rl elad iz 53

weslld U N5 Gelsw agldl.

9 U8l Hira-Gelasiue vqsldd uuel sl wslaA ?

[lan A0l Fal § wonsd Yadsian x el rededl Gualol w19 dxiRl Bas 0l 2l 530
51 uRL w5 Rl Gelasiild doisst Wkl FHE ISl




254 8

HIA-seUAHL alasin
(Biology in Human Welfare)

us0L8

HIAARARL, Vi 2L
U519
-Gl 58 -l
sl

usmL 10
Hira-5EIRIML

Y& @l

@alisud, uBls Rsun-dl el dye ulRs Qe 8. waliainsdl
qe-tl olllcls 2 RuREUAE wald viol % Bsuell 2del 8. suvRn Al
@Al @aldat-l AUA ellls A RUABUAANAAL Gualol HRIL IR Ay 6.
A% 204l i 213 AWML AAd-s@UAHD WL 3 2L vadl sR-
#oll @alastiadl sid-dl Gualol wuve Ad cusd sdl 8. ulazlas
(antibiotics) dx% AsANA aRulrd cdrt WHA s>l 21 [Faldsl adlR+]
WA A5 ds ABRU-aud A ol® d§ HirdaRAAL 8oL AodYd
WRadd 53¢ . L auiui Widadl @ansl deuda-iul dedly Ad wRad-
iddl 8. HiauHsHl sR Hewarl, visHl uBAL 214 Retduaa aulys,
Alslas uRad Gaut 53¢ 9. 20 Al {12 2ula He uswiHL AR
(QaRel 2y s 2dg ©.




A, AR aluan
(M. S. Swaminathan)

(1925)

(L) o3 21012, 192541 dBierigel F3oUSIAHML AUl Sdl. i1 AlouRadt
<114 (Monkambu Sambasivan Swaminathan) Hs14 (A~18) [QaldenasHidl
AriRfU s LS 2 SR ueclpil Mt 530 edl. A48l eudad dHy
[ allmi 2udell Jeells Azl HAdI-AGRL Sletil UR 514 54 any auld At
2 ge{lrif@enni dx-l Rigdieil Qs sdl edl.

aulRdly s(lAsii 2i-gAtinL A4 (IARI - Indian Agriculture Research
Institute)Hi Ul SIN %l [Qenavi dan (@301 AHA SaHl dHEl dH% du-l
AleflelRA 51 AHAAL Ay, Gedtet uataell sivr-l wdl [sudl dai Yoilaa
oLl ueL AHIA Y 214 B, Al Ws-2EULSIR (crop cafeteria), Uls-51ds4
(crop scheduling) 4 %<{l7t5 el Y] A dpLlaniAGR Uelall ad1R A8 AoiBd
9128020 AL [A511 57U AstiFs a3 weL vy 9,

2l A3 ell¢lolL (Norman Borlaug)«(l 418 volla s 2u3et s 3
Fell WRRUH 23U ellRdadHl UG- AlEUs il uaul AHid Gesiny
‘WRa $ila 2uicl. Al AL 511 oL % Hidl Hitd 4S A4 HAAL U A, dil
‘A0t-g-Arg” SLAFHAL UL VILEA-YREL AU S2els 2w wularelld sidsilan wioisdl
8L B, AHA AWSLY AHA ‘UsopiRy dal 32els Geste Al gL ulassiyel
WRRSIR, el vl SR Hacl ollrd Hint uie 8.




uswL 8

HIH -, 4 A2

(Human Health and Disease)

8.1
8.2
8.3
8.4
8.5

U qH] 1AL AL
Ula 5125l

2

3042

AULHRS UELA] e
sieslslanl g3uAlol

e, aioll AUl AR 24 Heedl 2l Rl HidcuHl 2iadl ed),
FHL 2l S2els dld, (U i 5% Fdl €181 (humors)- A el AU
W eq. wall Alls-u [Brdden i curdld 2uydlRs Rleu dat
uBL AL % Hirid e, Ad Ml 2ad ed 3, ‘S0 [ (blackbile)
HAAL A5 oM oAU gl A dHL did 8l gl 2L st
ARBL e A Y (ARl edl. udducts uglavil g [aluy
814 536 YAR-URaen-l 2t A aHifMe-L Guallol gL [Redl
534 3 5100 (U 4uadl alEaviian 23R40 didid e go; d-uel
arel ‘Al dd’ (good humor) (A2l uRseu-L widl e 4.
wesll i, wal@isud eaied § Adidat A vidudl dal i
UMASIR dotel AR 53 6 el drll gl U[ASIR dol 2R a1y nndl
AV, BUH, Het S HURes viaa 2080 dgRrelll vAR 52 8. nl
518 e Adl & 2ug] @R A 2hd suodidl ueufad wy ¢

@) @l vl - wellysd sunsl g ad © A vl
§AA ¥ olos gl o dl HdllUdl waell a1, .

() AU 24

(i) 2uuell @adAAdl FHL viiRLs % 24Ul vLsa el wiell F 248t
Wl ¢l A 2 M 5 % AR 20U 20l 912,
igdl, ¥ 2B HAA 912 AL drll AU Eld B,




e

SEICEIG]

AR, AWse AlSL gL UAR AUAL 8. dnl ¢ Ad wvifd 530 asy 7 d-l
el Wizt AWaledl UAGURARY 3 ‘WRS 2@radl <2, A4 dyeiugl wilRs, Hidlis
2 AHUBrS AL AS AsIA. PUR Sl R G4 B AR AL 4y AaHA] s1H 53
9. Feell Gaulesdlni Al A O A s wyleni andl iy 8. wRre 3
Y QR B Ay g 2 Ml YYEHL B2l 52 6.

AR e ]l Avial 12 A8d U8R, AUl50ld a9l 2 [Falid s
el vol % LA 8. WRLRS A HIARLS 224 U 534l W2 Widlstae] Yiotsl
UGYIA UL 54 B, AN U MYl 2 AN+l [AlAY 518l U duel 21620, AU
Aol WA R4 (vaccination), Bl gelldl doy [sid, dussid s axey
BURUYUE VIS L WRllAL Al anael 993 W arey Aagqal We 3R 8.

12 QAL A5 F A 200 3 dolil s+l ulasn w2 A, FA 518 (@Y
(el 5 daiell sdal 1A 6, R 2uu8l sl 8lal 5 U8l e (dgra) Yl »led
3 wuelA A9 (disease) Uil V. A0 Hi2 audl AU (infectious) dxe [BirAdl
(non-infectious) Fal AHSIHL ASAAUHL 2019 8, ¥ AU s AUlFAHIY] il 5l
el dey d AU A9 (infectious diseases) 58 . AL 20 WHIY O 1A
AL SARs dll sz ada o ¢la Fedls AL A2l wal 5 AU (AIDS)
ads O, BrAul Ao0HL 32 Yued Huu SRA B, AWsIRS Uell (drugs) -
wlesleleed Ade uRL sl aired wisa Ad ueulad 52 8.

8.1 HLAUL ML AN (Common Diseases in Humans)

Wl WL ABAL W2 AAs uwdl Fal ¥, oseRu, wsW, §0, uwa, 5B
AAGEIR B, 2ldl AU ADCA AASIREL (pathogens) s 8. M, ot
AUl 2SIREL B 510 5, Al 4MLA-L el § 28 GUR WA ddl s
el 8. A5 2uuRll AIRHL A U2 uaall, did wHl, 2uull Aaus
Baziial wadd vl 9. wReud, cUalsiz »a siHlcdis el wold 8. A2
We %30 B 3 vl wiinl id: wulael wquir ddid @ Aqslia st
Belsal d13, % SIS AiAHEIHL UAN B A2DHL e+l (i pHHL @dd 8l
2§ [t was GRlAsAL W sl andl gldl Bidat. A58 Awal-iL [aldy
Uil 23U A AL gL Al 220 (A2 20Ul 4] 2l 5309 2 GURLA dil-
URSIR 2 FEbRl Gwadld wal 4] ARdui asle 8.

wedlAdl 288l (Salmonella typhi) 3 215125 DAY, S ¥ Hpui 285183
(typhoid)-ll did U3 €. A=y Ad 2L o515 elid el i well gl -l
WLARSIML UAA B 2L el o YAR g1 ATRAL 24 HOUHL WS B, AL A0LAL WHLY
AaRl—dd ay dia (39° Al 40° A), Aeous, UKL groudl, selFuld, WY gid i
oo« Ll dlsidiell RARML AHTHL S12 UaL 247 Y UL ASAd 8. 211 22l
(ieint (A3 222 (Widal Test) gl i 8. ARsAAA @il Gy Gersal A3 Adin



-

=2, e AL

(Mary Mallon) €. ¥, Gu-iy 2165168 A 8, % caui@s Zd 408l edl 2t defl-u
GRL GelldelMi Sddl vils g1l il anll 34l 2 AL dss oi-dl 28,

pelsisu -l (Streptococcus pneumoniae) A lMUBAU S5~
(Haemophilus influenzae) %el @AY, HrHl -ﬁﬁ\l['\'llll (pneumonia) N34l 12
FUAER . % FSUMIAL UYsL (sauerRdl siaollzl)d AsBid 52 8. % wReud
Ay S8l uatlel ML, Auioll ool AHRNBIL AU B, 211 Aolrl @aRlul dia, 84,
55 2 WY guid R 8. dlst R €l A1 Hiaollaiinl v epuiiel] atesil o1 &
ANy 9. 2R WAL dedl saldl ABRs a5 gL Wil & 615 gl s saUHL 2udal
(Bigsl (droplets) HHual AU (Uy[dadl-aerosols) HA gl »ie2 dawel & ABRs
[Seirll delA dMy ARl alvralel Wi 8. wlduR (Hdl-dysentery), W@at, RBullRu
QIR Mol Ucll ey DARE UL B,

BBLL AlBRA USL AU SRS €A B, FHIAL s Y Redl A
(thino virus), % i A2l ay A5 Aol AHIY AREL (common cold) 3e1d 8.
A L5 e AAAHLA A5 52 D, 2R 35U A5 52l A2, Al AL Azl
L5 olt 4d (nasal congestion) Ul d¥iell Al adl, o19f Asiad (sore throat), BRI
(hoarseness), 55, 12 guid, Uls @Rldl W3, % 3-7 Rax Y A 14 8. el wizll
5 ¢ls a lsodl Bigsl 2R a8 @5 gl Al e ddell & Un, Yds, widl,
£l Ewiel, 52422l Sl0ll8 3 HGA A3 gL ULl dsll Seudl wd B,

W Jeals Aol uwdl gl wl wy 8. il HARUL (malaria) [RA uicw
Sl A 25 el A2 B 3 Fefl WA W ilefl @dl 26 B (Runsl 530 W V). 2 AL
HE IRUY At U Mwa FAseR 8. Wil B il P vivax,
P. malaria, P. falciparum) [A[24 Us1R-1 HARUL M2 wcsielR 8. Mie] wrHiRuu
SIQRIUAH gL udl NARYUL Al diellz © 2 A dlds ugL €IS w9,

AL, AUBL IR HAL At UR WL e[ 53 (gl 8.1). s AR
HIEL H2%9R AR Ml 533 8 IR ol RS2 A3 H-l 2¢dl Hal
6. AZAALAHL AL YAU] Uyl SINHL L8 WA D 24 Uedl LS UR 2ALEHI 52 .
el il 518l 2 8, 55l sleatell 2 [y yerd GO Yo 2 89, F wALA
€2 32l 4 (2o 64l AL S 27l A, cld UAU B, AL cloiss Hiel AU 1292 A Al
5238 AR AL AUl 32931 AL UAA B, UL AHel (U510 20000 21y B AL Al
dRit Wlel ARG AF 6. F H29{l ARIRHL AEld A B 27 B 2L Hiel
DAB R 1292 5165 UlFan 533 8 AR 2L UAUDL dtl ALIRHL UA 2t Ailedl [A51
(BuR Rl qol 2] AU 8. 2] RuUe dld A1 B 3, AARULAL YU Uldie Da-ts
el sal Wi2 6L yieell %3 W3 6 - Mo A w92, (sl 8.1); wel MG
H2%92 AL UL Ags B,

~




e

HEICEIR]

UL HAI Vi MR 528 B IR
wlAgwilde w2l uda 8

wRusad 4yl xazaidl Fud
(diRigiide) widsinidl ysd
41§, q293+{l clni@a
2NIdRd wd

wAuwdl (wdiywide) R
GRL 4gd Yl ueid 8

HU9AAL WLAINL A QorHIA, /4\
@ i R a8 wduwdl usd S

Uz 53 9,
T3 SN dld 8 A

o

\gﬁm{i Yoo Uy B

uorHIA e
WA @ ‘e

—— /uﬂq@q'l EENEER)

@ wRP0UsAA 53 0.
o / RBCs di3 & i

‘e
)

HLEL H2693 =5

(gametocytes)Ha Q) ogeey sl
PEALR WA E’D h
»e & 8 CE

L et ld 24, 2y

N
e S aaeld 45 U3 Wy

8. Hsd 244 uAudl
cseul (Aol 2tazen (er=y50il) Al 2558l AsMd
CETEITEN 268

25 8.1 1 wHIRYHAL DartASHL dossIl

qepel Hlel idHL Al HodL wuwdl uwa viceudlon Rlauls
(Entamoeba histolytica) g1 ¥l (amoebiasis) 3 >13{leld 424 (amoebic
dysentery) 1d 8. d-ll gl soilyaid udl, Geaul guildl A v, Haul vlasdw
2 AR ollsl el uaL 8. AL 2L Ad1AL ABLS Agsl B, F AU HARIAL
UAudlA viials dHy d-l detell 3l ag 53 dA gfid 52 8. 2 Ad 1A g eRid

add lard well A4 vl 21 AW 3 Feidnl Jed Ald 9.



A1 e 00

s g g w1 gFRU wal Beudlaa B (ielluous sM)
Ul AaLs1Rs B, vl uudl sy A wBAwuAlU (R
A2L) W2 FAGLEIR B, B AL Q&R VIARS AL, AUYHA Lol did,
DAlHUL 2, UAHPTHE 209408 D, AUARA A5l 1A A1 1L YAl
Ssi otz 203 8. 3, well A1y AU fid 53 D). e Bl Al
Fetdl vl glid well, wseum, su adi3Al Ad-dl wy 9.

asRa1 (W bancrofii AL W. malayi) Bendlaa s (sielluoud sB)
9. ¥l uaGudldl aRisiauR-iui QA3 sl Ao (chronic
inflamation) 4% al 34l A2l dil (1H-l) 26 9. ¥l 24 AoiA grefluoll
(elephantiasis) 3 BawRzu[x (filariasis) s& © (2usla 8.2). asll ar
2 Aotefl el L uewlad w8, Fofl qell WA Qi 2AS ub B,
ALl HIBL HAI UIR 1Y A5 533 8 AR 2L AASRS d Al5as
TR ERTRE-CTOR )

YHSIRMRY, 2145151420 AR ARSHISIA A (Microsporum, Tricho-
phyton, Epidermophyton) %<l $oL H'jg‘*l‘ti ElER (ringworm)
HIZ AAUABIR D 5 % Wyl Hlel cuatl AL A0 U8 25 8. Azl
[afay euoll al & L, v v Rl (scalp) 4912 YR d LS,
a1esl B4l (scaly lesions) 243U BUUA 6. ¥ AL AL Hvad @awell
6 (5[t 8.3). et i3l clls viHAUN HUAD. % 510U AR ApY 5l
ARl 41 9lg R 8. dlysd carAl FH 5, wEus AUy
wotel wtiowfl2il val RRARL 9. sle AMuLl Wl 3 AudAd

w5 8.2: erelluoud €18 s
EEETEIDETRTEIE
Al ealadl »uslt

[ctell g, sUsl 5 siustel Gualol sl iy 9. 2y 8.3: olasBiell il 2Rt

s AYL AL AR 2 R e elsaoid dxe
AAAHEIA 429l Anadl 2Ll 8. l5adld @9l AR

[z saidd 2usla

Aol Avd; Ylar He ge well, viUs, WseUW AdRAL Aderll WAL Ay O,
YRAHEIY AAIAHL A51HL AUy Gtdl uetdlldl o [Rsia, wouadl, §¢ (pool),
wiasal (cess pool), 25l a9l AHAIAR ASLS dAH VL AvAL dgURId dls-
Buelloy (public catering)Hl WSl A9l HIRAHIRIG Wa &y d Ad #3389,
2iial Guadl [RRre3l 2Adi el ur 2Rl © % ol Al AoLs1E Wil e
welldl HiH glRL Sdldl €ld dl 3, 2185188, AHlelpul, 23N>l adiR.
iRl 2 AL FAU sWIRA (air-borne) dNHL Guisd wRudd Guidi-l
Guan3l Al lEiql oue AUE A AL g1l Guallorl il drgiidl Gudlal

adl S, £lesl glRL Fdldl 2L Fal 3 HARUL A BeuRRud weraysl
ool 21 8 5, AdLAUSSL el Al U0l (breeding site)-d [Fd218L 24 At
A 2as 8. 2l &d Rig sl He eeus [RaARML 2 d-l suaw welq

AL A Al 2, AL AuRLAL ger-l FaBid us1s sdl, Hesrell-l Gualal sl
H2930eL (3304w viueS ol Sioq [l Mieoel-Al GualaL s2al, vl 3% (well-il [fsia),



e

aa[dsti

gAed (5189) Fal 2 Sle-las sl st sl %33 8. L GURid, g1
e o0l 200l @ouadl el ML Ud wesicdl s, HMRAHL W2l WA
gLl 1SS (dedes- A H%9R) gl FAUAA 30y i [AsdMal Fal s
UMl 3eudd 0L AL Al Guidl HeTayRl 8,

@q(Aiaal u3d Halldn S180 2Rl 2 AU Aol 2552 Al Wizl
51391 MAUIRAL 2L Uik 24l 8. AL 21 uldRauswlL Fal stdsHiA 51280 dldon
el @adel AL ¥yl g2 2dl 8. 1AL Gualal wifedl, ARy, il e
[R2r Fau ety AL Wl Heed [FBid 53 ysan ot ¥ asfsl (- @
AR WS 1241 e 22) gL Adl A Ay AR R audl and 8.
BloUdIRsA (URAF(A5) Ay 2w scdlel A2 gL AU AolieAl uendl 3uel
GUAAR Sl U AAMAL Sy 8.

8.2 ulasisdl (Immunity)

£ Sl WL AvAL A5161AL WAL 531 2\ Gl U, 2L AldLs o
R 2L U B, W MR T v S0 A B %, g adlR Hiel cudlHL v
olEl 51250 (U & ulaot) WA @R Aadl & 6. UlASIR daard SR8 2ial AdLs1RS
A2l A asalrdl domidsl il UdsRsdl (immunity) seaud 9.

wlasisal o usizdl 8 @ (i) ¥=und ulisisdl (Innate immunity) i
(i) GUl¥d U515l (Acquired immunity)

8.2.1 %~uoad Ulds125dl (Innate Immunity)

oA UAsI5cll BiiAis54 (non-specific) &L €, % A~HAHA 1A ¥ €14 D,

L UAs1RsAL 2uRl ANRHL 6l S50 Md A [AlRY U5l a1

(vidRuAl = barriers) Al Ui Ay 8. i UASIRSAML AR USRAL 24 &

vl Ay 8.

() wRlRs viduu (Physical barriers) : »0ugll @l 3 Hvu olifis Hdu 8,
% e @il UAUA 2519 B, UAAMWL, WEA{U HIdL A Holgete, HIdlAL
AL 2udd B9t Ualld 2dwuael wal adRM UdAdL DAURAL
wS5lAdHL Hee 53 9.

(i) E84lds »dauu (Physiological barriers) : %&Mi-l 2 (AR3),
Wil o, vl 2 a0l L5181l glard AaRA 8.

(iii) $180a2l% 2 dRAd (Cellular barriers) : MBI SEHiL J2ells AdsRil
(WBCs) %l & e1¢3ul -l Adsel (poly morphonuclear leukocytes-PMNL
2R 5RIL) 2 HLsddly 581 (monocytes) AX% [AML el ARLSLSINLAL US1R
a3 ARLs ws SN (natural killer lymphocytes) GuRid Aallzilui gjee, SNl
(macrophages) ¥l @Rl GERL i dil-dl e 530 ad 8.
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(iv) sln¥ly idud (cytokine barriers) : AHRUAA Sl H+2333x
(interferons) $8dldl M-l A1d 53 © 3 ¥ 2w=u B2l s
Attt Auzll Aad 53 B,

8.2.2 Builrd ulasisdl (Acquired Immunity)

oll® ol GUlFd Aaulsisdl QR 8. d WA UHRA S, -l 212 2
2y B 3 2 2ug] AR uddl AR SIS A2+ AUSHL 20 & AR A
uddl ulaaz 2d 9 g4 M dladi-dl walks wlaa: (primary
response) 58 €. AR 6lle d % USRS AHAL A AR G2 dlsici-l
Gdla 3 3yl 20ld wRuid uldA1R (secondary or anamnestic
response) U 9. -l el A A F 4Rl A MAY gHAlAl ¥ D,

walfs 2w Gl ulaair 2uusn YAHL 1y Al o usiz-l
alasisivg glrl il © - B-alist siv, T-alist sl

A2LSRSAL MAAR AHA B-5INL 2404LL

. N o by SN -~ e
ABRUL WA Ay uF B, el A AdSIREL N .
s N R R v+t olLS[3oL ULe
Ad ddl ws. L vidl+ A-ud ulagey \
(AEloldl) s B, T-51 A-dloldl uFal
el uig B-51MlA Aol Falanl asi
53 8. uAS Aol 2ulBas ML AR

22l e [=oL uLde

>/

WL el 2udd 8 - 6 il gadl
il (light chain) 2 6l GUR YUALL
(heavy chain) 312 d H,L, 243U ealaiy 8.
wiue 9lRMi (AR w51l A-d6ildl woda

sudl
gudl

STERIEIT

® - IgA, IgM, IgE, IgG ad2. 25t 8.4

BeldAL 2L 2uld 8. 2A2lolldl B3
ol HOL 9, HI2 duA de Massdl ulaaR
(humoral immune response) &y 8. %
GUIBSd ULSIRSdlAL 6L USIAHIAL 15 & -
A0 ueazell (antibody mediated) d-il ol usz Silla uearell
ulasisdl (cell mediated immunity-CMI) 8. T-aRist s CMI
Y o B, B REU, i, Asd, HARS Fal ol Adluy-s JuHl 51
507, 64 52 8 QU BsHIoL BUAR UAURYSL (transplantation) 14 8, ¥l
AWl A" @A @l s, AR QoY el WY A3 US nU B, g w HE
$ ucuRlsL e S8 w8l elall Yol 34 ad asdl dl 7 Aq 4 69 5 Alcus]
(SiseRl) awd & 7 515 uRL Ald - ug, Aed WA 3 1S weL eyl
viorg wuRAuEL U wsg el 510 3, drd & ugdl e€ld aR d o AsRAL.
SIS uBL BRAuRL [ HuRiugl uedl dall-l Aolddl 24 AR Adlddl

u5(d 8.4 : 21604 gl A2
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s € ® i d ugl wel A0 dldirl Dadudd URsIR- AU
(immune-suppresants) dal U3 8. AN WA’ A “UAA L Glg WRnal
aaH 9w sifl-uel 53 dddl ulasisdl Hifd ol velsiz s34
U2 HAUGER 6,

8.2.3 ul3u 1 [Al3y ulasisa (Active and Passive immunity)

ol u%HLA WAyt (FLeEloget )l AUSHL 2UA B, AU 4HLAAL LMl Uldse
(2lolldl ) A%t WA B, Firdloyel Deddt, Yo § 2 WA a3 1S A3 B,
2l usi-l ulasisdid Al ulassdl (active immunity) s¢ 9. By
ulsRscl Hl €l 8 2t dedl yel uepasuoll uQAR 2udini A4y isll 4
8. ularaal sFui $ueyds @il 22l 2uudl w1l Aubls AsHal
el YL did adlRul ed s2a 2 B wlasisdid 3 8, sl
AL AR 2A-Aelldl elve sl 21 dl dq [l wlassdl (passive
immunity) séUd 8. ¥ a¥ Nl &l 5 49Nd By e HUdid g4 5
2ldiiaeds Ll wid ¢ 7 gouuasl (lactation)l WMs [Raini
Wl aiiniel] Aad dlouausd uadd SN (colostrum)yi wi-2loildl
IgA [Ayd Housi €l 8. % Ry Akd 52 8. amlafisin e(uiq g yat
%Y gl Hididl YRRl Seals 2-dleildl wid wa © ¥ [RBy
Ulasisdidl sedis Gerswe 8.

8.2.4 315201 47, uldsi 5 (Vaccination and Immunisation)

w5 & ulsisdidl Rugld wlasie dadl @yl o v 2R 8.
wdlsadl Aomlasks WA (Aosisd -AFFs W) & RlEF/o00
WaLsRs (RL) durz 3 WAL evie sud B, 2L Ay [ adML
Bt dcl A2lolldl aRal@s AY eMal dL51EIAL AR Alofe 52 B, AL
22l wel (e HHRA B 2 T-510L A% 8. F AotsRslA aguell vl [ya
WUl SeZlolldled A% 530 gHAR Sl sudl & 9. o 518 aulsa
2l 519 Hlds ARl AsMd Wy O AR dd dlesil@s Q18 2i-2eiidl-l
Hlasdl €l 8; ¥y [R2n (U4R)l, @lsad aMl dwr 2i2leidl
(ulaged) 3 q-d2But [@Ns1s veld etd sl 2ud 8. UL Fal
Buui ugt AR % Se s il 204 8 di wiAN (venom) [B3s
duz s3d -dolldl €l 8. w1 usil ufssad Al wlassa
(passive immunisation) $&<uy €.

YRAUUF A DNA 251ell gl aiRy & dleui asRs-l i3+
Wletds giual Aafd sanl 2ud 8. 2 Ad @il Hlel wa Gawest
2 o1y 6 il dell HlAsisdiel SR Rl Gualed voy adl 6, Gersw :
(Buatdu-Brl 22l dlexiell si-laadi 2ud 8.
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8.2.5 WA (Allergies)

Rl 08 wud 8ell diR oty gal, HIR di 516 Adl @Yl AUl 2l i wALAS 516 UL
5138 R s (sneezing), 551l dwonni uurll siladl (wheezing) 4l Fal i@dl Yyl
€4l el Fal di 3 Al g2 AL 91, dl 2L @R QU6 AN AU 8. MURIHIAL S2dls
wulaeiil €12 Al 32dis el U Adendlla dlu 8. Gudsd uRBUL wRY, Paldl
Ul AADl 518 Aid WA B. F Ae-2edL 22U [Prt-[et W51 €1y B,

walaRRil sl Wal sedls ulay U URSIR da gkl AHudl ayusdl MR-
N4 (allergy) 5¢ O. al veldl, FHAL U 2icl WA UL B Aud A4 A8
(allergens) s&cud €. du«l 412 AAdL 2260l IgE USIR-L €U 8. AAFUAL A1HIY
Gelgell - Yol WA Dald, YRRY, Welzidl vidl 4l 8. AaD-i aasil - s,
2iveiefl well «{lsad, AsHial natgl wsd A i Al dsels usedl adiRdl axda 9.
NAD Udlr 5129 W2 Sl ddl [BRUS 2 A2l R0UBL B, AP+ s
al HIZ teln AMAd A=Al AUSHL Aladdl 219 8 w1yl Aay=u-{l ddl Holl
WML elved Sl 2Ud © i UABUAL U SUHL 2Ud B, Wd-[RRHUSA,
el A RASS Fal AL gL AAaD-iL agrid Bsudl valdl asi 8. uid, 2ulFs
@a4dedlrl s02a3u ASIHL URSIRSAL 82l © 2 ANag-y Ul dderslladl adl .
el el ASAHL Hiel eudl sinsi-l wuiare ud-l Adesllddia 51280 dil A4 2
YL (e3) A s oidl 280 B, e 51221, sunsHl Das-l Al ¥ duid agudl
AR wHlaRl A d 9.

8.2.6 (A1 541 (Auto Immunity)

G2 seil-l yesdllaHl, B 2HRA GUId USRSl 2R WoAd 2 YA
(GergRal : AoLs151) @Al de WRvidl{l #4dl U AR 8. A% g2 Y d-dl 28R
A1 AsUL L. d- 6L GURigidl (corollaries)dl AHD ASIA. (i) G2 S8l Yrsaallzil uAd
2R AHY WA AWl AL Wil A% 8. Hlel cuotd aAlBLs uldRan [@si 24w v
24 8. (ii) 2dls auid w5 3 ol vt s12A AR Uldidl % 518U gHElL 53 9,
Pl uReuA AR st Wy B, ¥ WnldE (auto-immune) 2L 58 O, AR
(theumatoid arthritis) 21 UL AHIAHL Ul @sldau-AL AL S,

8.2.7 A4l A2[A51RS A (Immune system in the Body)

eyl UlAsRS danl aRist violl, Uallail, Sl 2 Axlolld] Fal gled il A
A 8. wuR] USRS dot, AR © % uod 2l 20v O, dtl AR 200 O ANy
A ue AN B, WRASIR doml Al WBU A @R0L WASIREAL 27 201 MAUAUBLHL
HeTdrll GIL Mo 89,

alAs 210l (Lymphoid Organs) : 1L 3l %{20 © %ul @list sRlld A% 217, | 3 uRusan
dal [Acielsel an 8. wals daRist 20040 1RAHFN (bone marrow) 24 AAHA
(thymus)-ll 3G 2 9. w4l 2uRusa dRist seil, 2i2la A€l aRist seuxi [@eilza
1y €9, WRUsA oi=uL vl elist seill [Bdly dRist 2000 Fai 3 a1, alist Ais, s154L, il

~
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il Tul viRsAL (el 2iadel lenani aRisiiallzii-l
Rz & % AiddHl weal ular A ulasiz sa-dl asdl we
AsUA 9) 2 iolYA9ul WALARA w8, Bdly alist vidll
alust selin 2e2loret A8 WEAL s34 A2 AL Y3 Wl 6 2 uBal
ugdl 2ABIS SN a3 d o Y uld 9. HidageHl @k
aARust ol & 215l 8541 ealda 8.

R Hou dlist 20 8, Bl alisisel & alisisiil wld
orl AR SN AU B, AAHA A visHY oL B, F eeurdl Aws A
e9lcllel 2RAAL {lA Slsada . waHA ARG se w-uAHA WG Sl
6, uiq GHR atall 08 d <l adl 2 © 2 Balliaraa d e
Al seefl ot B, WA A AREHU ol T-aRssiid wRusq
adl yaualaRl Y3 wid 8. okl dzieuHL Wiel eleu Fd oL 8. d
W alist sell 2 @as S Hd . d YR wddd ¥
@din %5 Av{l M- onuRld uaL s 52 8. Rl SRARNSU HIg AASAA B,
aAlist ol aRistdxHl (Al A 1A Al Avid 22U 9. dRiswols aRist 2im Walld
AUl A Y& DAl § Y Bdlold wsdl AL 6. ARisL dlisul usdd vl Al
e [Rpsluden w52 8 w2 Rislude uldasiks Ul 21l 8.

AAAHPRL, WRAAHL A HoA% ARl FaAl 2LAAL HRLHAL 23R (lining)Hi
alusiel 2de 8. ¥ 2aw Asldd alist Wl (mucosal associated lymphoid
tissue - MALT) 5€ 6. d il AR+l alist Ualld 50 % e wumL 4ud 8.

8.3 AU (AIDS)

AIDS-j; g{ei M isanad é*g':l\l IR [i{"ilil (Acquired Immuno Deficiency
Syndrome) 8. ¥+l 28w © U515 doa-l Glaruell Udl oL, ¥ Al Dansio
gl Gl i 9, ¥ suld 8 3 A g=noad AL Al RfH’ 22d daeill e
€. L AL AMAY 198 1HL A1l el A4 Deetl 25 AuiHl A 2 [@aui el 9, -l
25 Pfauniel waL ay dlsl 3oy w6,

A, &L AL IFRU A1 (Human Immuno deficiency Virus- HIV)dl
1 8. d RAAUSA (retrovirus) As-l s B, % a2l Add RNA %{l s
B 6 (gl 8.6). AHLA el ASGAAL Fellal el 5181 AL Yxed 6 @ (a) A s
A8 Adld Aol (b) el YA i d-ll Aluzi-u Gualotel (o) Audd Alsd gl
Gualordl Aadia AR 3 Aldsl Gualel AsiRsl il sl (d) ABMs Ml 216l
(R w2y g2t Asc sl 20, 2ddl dlst § B 241 AdL Adlg Y AUH W 6,
AML 2L (Sl AidnL 2l Aol AWsIRs AlEd 5 % S+F5AAAL GUAIDL ALl Sl
e 53 8, Al lsail F aiair YRR 32 U3 © 24 HIVHL A 4Ruadl Hd
G121 Yl GUOLSHL ANAN WY B, Y dH N8l 9] 5 AR A s2au] IR SU1R
Y3 &9 7 dn w8l 2 21dl] 25 4igl oeiidl. 1A AU 8 3 HIV/AIDS Hiot 2ugl 3 olllds
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@ e RNA siR

UM SN AUSRA
AU Ul G131 AAUA oA

138
SMAved
nllsin |

4 o i
A RNA $NHLelve 21y

v
Raxl aiuFeo SRR
QL e et DNA dosist

DNA 1 Fade v WHUL eluid Iy

BRAUML 51N glRL

Q Fle

Al AR
(Frailel

oo ¢ )
.

@ dl ALY 2y SN AR vl 93

“llH : IR ALORA WAL~ WH 2L Hsel Ay
N il Yl 2AUA SN D[Ad W A5 B, 4

v5lA 8.6 : Rl adomiq

Aubell 3adl Aol d Mol sedadl g1 e 8. el AL uR Hewad © 5, wlRs duy
u-lasulAs (physiological) a8l W2 HIV/AIDS Az ilSan uRair & auorell 214l
sl A4 cwotdl A NG el Helld wd d-l a2l éRal vdud €1 8. 2 Hal
(i) dlges wle-ul @ Jeais anl (Rusad: 54 10 ad) -l €iu 8.

(5l AR udiL usl L AU AslF%-macrophages- 8e, Mats SINAHL AL
9, oul AL RNA o+l st Rarl aul3es GRus- xeedl A DNAML
AUAAAAL WH O, 2L S DNA 4%HIA 518l DNAML el i 69 A 4™
sl Al o AU L Uel 52 O (uslA 8.6). M, AsFB AR AR
13 52 8. 2 Ad & HIV-L s1vuel a3 ad 8. 241 e, HIV Heesdl T-alist
AL (Tl MAL S 2t 2ot Wl el Al 1% 8. 21 dd a wedda

.
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A YRRUL usd AU B F weu Heesdl Talist S W gudl 2 8. g
aizai aaiell A Al adH Heesdl T-aRist Sl val 82 8. 2L wxy
el ul5a aiol axd Yl i, AL oA ag 82 el wnRAAL AL
sl W3 8. eesdl Talis sti-l dval qeaid 5129 alFd dseRul v s34
WoslelseRuN (Mycobacterium), SR, $9L a1y 254l WL (Taxo plasma)
Fal WAUDl2iAL Audl Bisi ol 15 9. Al ulissar siedl ad wu o
3o 2ial Auell dldid 88l sl AAHA oAl 8. AIDSHL (et W2 s dAd
Gualoil ddldl 01l 243l (enzyme linked immuno sorbent assay-ELISA)
8. 2l R2l s AL gl AIDSHL GuAR iR Ad 245 93 8. 24l sl
Aol Aaifad yeud 2ol 23 B, uiq ALl wasdl <), ¥ wFAd B,

AGIUT 225Ul GUAL (Prevention of AIDS) : A5 Haldl wsidl e,
watdl ¥ 8% [Asew 8. 1 Guld, HIV-L Ay 88l iz Ao dad- ugld
(conscious behaviours pattern)dl sald O, <8 % -ﬂ,}{l[:llll 5 295198 %l A2l
%A AA2AAL 2 dld 85 8 F YRAA, dawmd Qg (Hucriel) asiRul Ay el &
2L 2oy Aviale]l 48 A5 B, W5 HoL oL, AAAdRAL UL SLS AZ B WA HIR
A o S8 B % - ‘wadRAl 51280 + 43 (don’t die of ignorable). ALURLL UM
AlH A Frelotal A - AAd A s73ld HUsBa (NACO) A4
et [BLrs1E] AL - Al dadieed A3 A (NGOs) el disia
ASgA-l A wual s1dd 9. WHO ueL HIV-L Ausdl seudl Aesiddl e
Avaelt sEAsHL A 8. oastirsdl ERA HIV s 524, 0dawFs due viwoll
SlRled i gl Badldeld A 2 AR+l Guylol iy ddl qaal s,
(214 w5 [Adel, Ausis weldldl gudlol U (R, (R Al qsitsdl
(B3uad s2dl, HIV Aoifdd auigddl a3didd Ralid As2qy suad ol zal
sIAdsHIAL AA A B,

HIVAL AW gldl 5 A58 dldl 2 518 2Adl aid el 5 o guiadl sid-
5122 5 o L eguiell AL 2 dl d 2 Al wL S A 8. wupdl
HIV/AIDS 2 @5l dee 2 Astqeifa-dl 32 €1 8, duy dud 2l
eleell odal < oASu. oul Yl Ay dd s Al WAL @3 AR g2 5 B
W ARs Ad 4 Wb 6, b Yl Aol s @3 Fedl 2501 aatsdl
Aotlanl 9. 2L 25 Al Al B Fel Fddl AHY 2 RBSs vl ulRURL
nql AL wsd 9.

-
8.4 5~uR (Cancer)
512 A orisy oAl As B, 3 Feuell R {2 owdl Yoy wa B, ourdui
et arefl ueL ay dist sl Yo © 2 atl daiel el dist deel 3o Wi 9.

3R »cllofl WEUL AU AL SN S-u2 S1AE 3UidR (oncogenic transformation),
a-fl ARAR dal A [FEstel 2 @aldsud 2 ARse &3 olet ALl [y ©.
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el AL, sl 9lg i [@Aciglsarl uBul G2 st Ralid 2id FEBid €y
8. 3oz SNHL Frrieil 20 uBuL qél o 8. miwd Sl Aus (AN (contact inhibition)-il
ot eald B, 2 Aus R R 51281 6l Uellwil AL il 045 Ausll UGB 9l
AR B, FA1U 510 4L 981 a8, defl AR S A siaQcue W], sl A4
UF V. % AiS (tumor) 5& 8. 2iLcll 31 6L UsI{l €14 B : A1 (benign) L LU (malignant)
Als. ALY 96 (benign tumors) Ulcl-l 1ot 221 AL 28 6 A d AR+ 24 PRI FAL
“tofl 2l AL g1 LS % AL AL B, o{le el A dll VA NS (malignant tumors)
2 WA SN (proliferating cells)-il UHE 8, ¥4 [Reenles ais (neoplastic tumor) 3 lié
SN (tumor cells) 5& ©. 1L 51N oL % Bsuell 9ls wHl, 2UAWRAAL SN U gHal 53 du
SR w6, v s vio % sudl [Qouer widl gl 2iads UNs gedl Hie ALY
Sl A8 2l 530 dnA ol HiZl Aiv O (UM S 21dus N drdil dRid AN 9).
el atisuigll 92l wial siMl AR glRl g A weiAl il Adl alis sirlaail A3 52 6.
Aisell 2t vl (metastasis)-il AN VoL % GU%Ts B,
SR ALl 51280 (Causes of Cancer) : ALY SR 5342202 FletR2s SN0 3uideL
saaur{l uBaL olllds, ANARLS Al FRAs 51250 gl A B, a2 Jelddl 51501 A%
(carcinogens) 5& 8. X-(38ll A oumt [3el Fal 2uus Bel 2 UV gl Biuus
(320l DNA S 52 8. A4y ddrl [elalResdl $39 6. dHig-tl sl e AABLs
FeuRet Uelall 35AMHL A Al W2 Huu Ad FoeR 8. 5 Ddl s A-s3s
AU (oncogenic viruses) 5& £ vt d¥-l %«ild- A 2-5% - (viral oncogenes)
seald 8. 2L Guld, A=A S0HE SIla 2-5U% A (cellular oncogenes) il
W2l-w-51% 1 (proto oncogenes) »ddl ©. 5 Assu WRRARHML uBy wd & AR
AL SN L S-A2AA SIIHL 34 8,
Seu+l asiuel 2wl [Re (Cancer detection and Diagnosis) : 543 AH4A dddi
2 o d viot %330 O 5181 3, dy Al 32als BRusiH 2 AL ASNAYAS GuAR
A5 oL 689, Sl Astell Uell-l suuiil (biopsy) 4 (B0l ¢ (histopathological)
HOARUA LR A U 68, w12 5L (AR FuR) Fa Brrusdlil AR 2 ARl
¥l el S HALA LA AL 21 8, oML, A A UellAl 25 258 @S, del uldol
Bt w03t 53 UAAIPRR2 gl Yaeds dotil AHou s34l 214 8 (histopathological
studies). A+l AidRs 2ionAl S+l usiuel w2 IRAET (X-BeiAl Guuit),
CT (computed tomography) 14 MRI (magnetic resonance imaging) %<l ds[Fsl-l GuloL
SAUAL U B, 51028 2HusIHL X-(Relirl Gulol 53 1S s 2anardl sidRs -l
BruRaulRs Bt wid sl 214 68, MRIML dls 3ol 8o 214 [Bieaidifas Brel quuy
8, ¥l @dd Wallui udl VelBrsa 211 2etiBls (physiological) 338131 22{l Astd .

Seals M S~ ulael 2 3-u2 FEw ulde- (cancer-specific antigens) AR
Ulcigedl (antibodies)+il W8l GUHLoL s2aUML 21d 8, 2By Ld wdiel Aetarl €ly dan A5
Il (Retn W2 2AEay alisiadl dsE-l Guaiol 530 o+l udlael s2ami 20d 9.
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L ogfledill i, & % @lsan MBad 5-u2 0 ydad, (predispose) 531 43 8 A 3wu1
Al [ vestadidi Gyl 4S ad 9. vidl UlFduil FHA Fedls Sruyrl w1yl
ddenglld aail Aotadl © ddl alFaaiin du-uel g2 o 89 adeoyd 8 (eld., duigll
gagiell A Fsui SuR).

$=u2l ARAUR (Treatment of Cancer) : 5-12+{l ARAIR 2 AL WA, QG
ARAR A UASIRSAL ARARAL GUARL sl 20d 8. [AlZeL ARARML s dlds3d
(A0l AR Ul 209 69, Yig d-l 2UAWRA AHAL SR S L A dsl sl
AvAHL 2019 B, Jedis a8l RlZis N4l (chemotherapeutic drugs)l GUEIOL -4Ad
SINLAL ALY L2 SAUML U 8, 2HIAL S2dls Al 216 W FlBad gy 8. 2L euatsl
eallvl 28U €A B - Fl 3, A GlaRal, AFMAL 9913, W2 eUdl F-uul WAL,
[Af3at 24 MLl AYSA ARAR 2UMAUHL U B, dUisl S0 UAsIR ot glRL S 2
Al o2l onu O, W2 % eeliid #[as ulAR 3uidst (biological response modifiers)
sdaldl ueldl Fal & o923 Al 20d 8 Fl dud UAsR dot ABY wa B A
21l AUl LI SAUHL HeL3U ol 6,

8.5 U515 UEIAL 1A BUEASIARL UL (Drugs and Alcohol Abuse)
2is4lY udae uedl el asd 8 %, 351 ueldl 2 viesidiard Aad Yl ay Aal 1a
8. A+l 5139 1l A5 A GeMA B, YAl il ouorets adeysell A0 sl QxR
Loy, (el 2l Aels 2wd o %33 8 Fell dbil s dgrd Dadddln vwgud 4.

AL T QUL 5150 (351 weltl)ul 21812, A3 2 SES--AL Gualol iy 8. Hial
ALl 2L AL Q- i Sedls gormiell Anaal 2ud 8.

282 (Opioids) 1 2d, 351 geu © % W Adidal A ¥&Ao{lu Wl s el [Alre
AdeAgl2l 12 AL B B, SALS (heroin) F 35 58 8. d AAARS Ad AR5
I8\ (diacetylmorphine) & % uFe, AL, 534, w2534 AdLBA S (25 8.7). ¥ HglA-
R2HA A Al 20 § § ¥ WA — Papaver somniferum d-iRqfa-il o4 (&ll-
latex )¥isll Anadiil 20d & (gl 8.8). ¥ wHA Ad d-l WRLSL g1 (snorting)  ©-F 52
glRL Al 21d 9. SASH deldwMs (depressant) 8 2 A2l sald Ha uR S,

e N

HO

HO W

25(a 8.7 : HiRslAr AU viHRRL 214(q 8.8 : viiv1-lL 918 (opium poppy)



-

=2, e AL

3UlB1AS3U (Cannabinoids)> RUABNAL A3 B, ¥ HARHIAL 5B
Alesl AA NlaBuL 53 8. gerdl FUBALISS, ool (3l vetdal - Cannabis
sativa) (sl 8.10)asufaet wuldumiel Anaddl 204 8. FAGRIAL 2a-L
way, uel e A (L)L [Alan Al Gualol 3 Adgun, s, A
i O, BULet S2AUML HUA B, AHLAA: Dl Bim Yol-2ic:ASRL g1 Adldl
Hies g AR-L &8 WRaAsHAdA (cardiovascular system)d HuR 53 €9,

- \
OH
N
| H
\ 4
215(A 8.9 : Fetiofl-lsetl 248 AU sinR 205(Q 8.10 : ®idL (Cannabis sativa)i Wil

S5 AUSASS 24l S5O (cocaine) ¥ £ AR 51+ ariula
sist (SRAMMAM 5181 - Erythroxylam coca)iddl Haadimi 2ud 6.
% AANNS g4 JIUHIS AL AUl WA USIAL 8. 5136 = AL
Ad ‘518”3 ‘55° (coke or crack) s€lat ¢l dn <WRsL A2 A
U 89, d 1R Adidol He Briys 8, ¥ Gug-l veyld sAd O w1
Gloiil Al 53 9. d-ll A, Msll suHsdl B 8. A1y 2l GUHSA
(hallucinogenic) 3125 a-RulaAl A2 Qs (Atropa belladona)
2 HARL & (gl 8.11). 32els ™l U8l SUlBAld gl gyulaL
Sl 24l 6,

orofleie, ALF2HS, Aol UAIULG A A el Fell 2§
% gdlll (depression) 2l Mgl (insomnia) el a1+l oflilell

st Aoldlefl Atdcl W2 W, DA ANy 243U Al Gudlal 5[ 8.11 2 iell yedla v

SAML A 8. U dllel wal guElol A 8. sl A 2ABI1RS
AReIds 3 LS 2N A FHA AL 2 © dal e€lil 12 voel o Guaiall
6. auns ot Hadl adufail, sa, ofla-dl [QacrRul dls 2ind), wlls Gaidl
A it alel Gualol ul 6l 8. B 24 2nHl R Gudlol R
=y Geeud]l Adimi 204 U d Sedl HiolHl S2dl AR Al 8, d- 5181 (Sl
WRs, setulis 3 winls sl oo ¥ (@8 a2d Al sl asia 3, 2
SIS gl (drug)il gudldL 24l 8.

UL w2l 2 dlsl 2usis wetelint dls Guailowl 22l vidl 20l 8, diig-l
Gualol Heprd 400 Al st WL aty AUl 52l el . dHig-l GudlaL Yuuin,



aa[dsii

el el ¢9lsell ddld i 8. duigHl 4l ANURS yeial Slu O FHi-L w8
AL M5l 9. Fsidl gL 20ERa ARA Gao-il Hadl, d AR 244
U2 AAZARAA B Ul Y5 528 irl AR, E6UL UL REUAL HOLSIRA binHL
QfIL 52 0. YUUIA 2 35AL, HoUAU A U0UAL FAML, Sll-s1SR, ARZAML,
SR A eedrll Aol 2 weHL Al U WRHL AUl AR AR V. gL
tactefl HeRLsiAL Sruae AvH 9l 8. g YBRUL Siein HiAlsuss (CO)-d
ML AR €9 2 [84, () oA 0[] Algclr 82l 8, %A uReuA alHl
WS-l Gl uu 8.

12 45t RouRed Wie vile 8 R g Al o 3 drll 4R Rivule-
Whe wR 91uel sl Adasl UR de B A od. ¥ gauieel Aadd 52 8 A
eld B 3 d 3l A 2aued W2 €155 [ AvHl B, 2 9l wat Yaldl 1A gl
OlAHL VUASIE YUULAL AR AR €, YUULA, i dHLg Alddll ®d i d-l %t
vited wsalaloll Ugr 51281, Yairil 2 gl oAl 2L wiedd] €2 89 AT €35
siaiellAl Aets 217 RuZuricil wivleds 20l 24 2uednizll 9esi2l 2uudl A,

8.5.1 (3alliaen 247, USRS ueldl / 2esisiarl §24 (Adolescence
and Drug / Alcohol Abuse)

BalitcralAdl 2iel U5 MU HA U5 UBUL ol O, ¥ MU s s
Watdil adsls A Hddl AR Aol 2nd ueudludl Aseoll ol asal
uRusq ot . elsardl GHarL 122 18 al a2l AHAA dauaral 56 8. ol
LML, ARUARAL B, GULAYRL 2 YoclldReld A1 A, 8. dyRual-{l 418 gLy
Fas w1 adggly 3512 Adl WAL B, UM, dBuaRUL A AlZd-AlL HARS 2
“elldatlffs (st qell ddealld doisst 9.

Bratil, Aled i Gaoeil U UsNLL dUl WPl scl %91 433 el
ALY S180 B % (B WSS Uglel AHY AIESIEIAnAL Adet HIZ HAOR 53
8. cuns{l wsls Py 2 udloL W2 At ARA 53 8. sRs veldll 1A
vleslelartl Mola slaell 3ul wuel] L ay wled ol wu 8. wel dgell
A2l AL 92al drll GUHLOL 5L AL 8. F2ells Bl MBLdRML A ulad
Begredl =t ot Asdl dBle 2iA, eold 50 381 uelel 2 €13 Wlaid U3 53 9.
yerlui el Ml UBL B 3 qUULA 539, USRS ueldl 3 wesieladl Gualal
5l 9 A5 e HlRole{ladl (cool) 5 uatlaallddl (progressive), Udls 8. 2L ot
Biledl % Ad sl W Yo 52 8. 2lafxd, A4l AuARWAL, $-ere
Fal MLl uRL del 4oL 20l B, BARIML AR5 ueldl A 2uesigiad] g2ani
By, S0, Eoisld MRARAL S 2150{l9Mm AL HUUALAL HOU AL AHAUSAL
EOURLAL HLGULaArL YRL ARG A B,
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=2, e AL

8.5.2 situell am UL (Addiction and Dependence)

2ulldl Fld 381 ueidl deieidl © Al auge 51280 Al GuElol idaiR Ay 8. Al
Hgrarll dld W B 3, vuesigid A gousll ugla ¥ sl oiritadill © dx edi deil
L dld AHD Asdl Al A HeldFs Ae-l Aissyu 21U YA 9. FH3,
Geetrl 2ol 2 v el alts qwrlin s @z 381 welel »u
esEld AL Asoud O, Fel ulsa 2R d-dl %32 eldl Al 3 d-dl Gualol a4
[t A3 8, 9di d-dl Gualal 53 8. 381 vslel-l dizaz Gualol sauell el
AF0RHE el Adedl ALest (el o0l Aeslladidl 2is GlAL 9d 9.
FL SR8 S8 el 3 uesigiardl G Hol o Aderi-l W el 43
8, % %ol dnl ay WouHl daiel ied Wil o 8. A e9di, U8 dld Al HaLwu
Garrdl €l & Aausis el Mg uRL Adrt Al5an siell ds €l 8.
2L A AsRs veldl 2R vuesisiadl @l 3 ol addn As geluddl 3
dlfcore Marada ds €30 oy © % el 2 veldld Mafid Aa 53¢ €la 8 da
21 Asnidl ol lsag dfaslqi sladl ad el Al 2, Aoy Woledd 3
WAL venad]l Az udl ¥ ddl siwel odl a8 A dd Guailoel
WLl oA 69,

Al dld a1 2y Rl ARy qd e wy 8, o Ralid
381 ugld % 2uesidian Asiats el s2aiA ¢l dd [ RieQu (withdrawal
syndrome) 214 8. %1 18 6A], 5wz, Gotst A URACL BN Q&R AL HOL
®. o sl d-dl Gualol A U -l Asd Holl W5 B, Jeals Bl
[agine Riegin ole{l2 ot © A @as Wi Al weL oA 8 2l eilsan €153l
ARAR ALl viagasdl uel Glell 2y .

wadldl 51280 e€] Widi-dl ¥3Rx1aA Y3 s2a H2 %330 4 AR W s
w2 AU S ML el uR @dud]l & 69, %= uRBUH s s aaun-]
waelail a9

8.5.3 USRS UElUl | Fuesigial Ul 1A (Effects of Drugs/
Alcohol Abuse)

AR5 Uell A viesieidnl Al dicsilis ulasn wA alsaul «ulai
adgs, [y & oadlugl 2 [Badl @3usi uole 2 8. usiks vsldl-l
ay Heldl Maddodl [Frsadl, eeasdl [vsndl xadl Hagsl sdud
(cerebral hemorrhage) $18L (5l 5131 Ul Yy d§ HIAA 6. WSIRS
uglale AUl 5 viesisia A dde Ade d-dl af ol © A d Yoy UL AR V.
yalldl 5o AU wuesidiaddl g2anl Adasllenl -y aaeinl Aals sl
U ML AR, SR A9 WO 5 sidoul dRe1%dl, @alsold 9l YRl
e, [Q5lnd, Msdadl, HIARS dRua, dls, isHsdl i sadvil, wWRaiR s
(Mol A2 6114l A6l WuHL Y AL ugdl, Yl i vidlel 2edlHl 33512 Udl,
A%t Vil QUL QHE,

.
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515 uglal / 2iesisianl Ad-sl gouHl 216430 Ul €S uF 9. % ol AusRs
uetal / 2esidld wdledl Ul A HA dl d AR sa Aud 9. drll MAs0 AHA HsL LA /
vieslladl Aad saiaton Al 3l AR idl el s2128 g / viesigiadl ol Widid
WRAR 3 ey Biot 12wl HitRis 29 20 Aisedd s101 ol 93 9,

o oifell goud iR g (lsa 3 ARy veedl Ay QR S=rsuq) d, dl d-
AEGH 2 [RGB (B 5401L) dai-dl asudl 28 8. 24 AdL Wl [ (viruses) AL

-

A 5 AR gl s alsadl ol alsaui sa 8. AE4U 2 [RU2GE-B eiri U542l dlst
€l 8 A vid d Alds Sld 8. oirl Fadl Adly Aot 5 AsBid YRR g1 wd 8.

dReuaRaIMl vesigianil Aastell il suo-l AR %l 4oL &, Fell Yoclazali d-l ay
Aartel ved Wil A B, LU 2 vuesisianl dlst Guaiotel Adidt 2 4sd (cirrhosis - 4Y
Ul el Al gl A2 €1l Ui V. dreilaral MU SO A diesieiar Aadt
oleize (gl el AuRd 2l 313 8.

49U BLrd gUAIML, S2els Waldpil Wld 4y A3 Hedq 530 A3 d W2 drll Gualol 53
8. Al Hes USRS sail, Aeols RASRA, JHURRL (Hplats) eail w14 Jeals
vic:udlAl Gualal, Hiud wlsdd UL qrIRAL 2 2sHSdA ddRAl 53 8, Fdl due vd-
el Wl ot HRARIHL ey RAGAL Gualo] 2 Ald-l daell, 2isHsdMl
a1, Bl Gaiz-deld, WARis dsud, 2URaMHd HRsAs, 2820 v AR w2 aidl-l 9lg,
et [AlEs1HL aIRL, Al 830 oirtdl a9l Fdl BLEHU Al HOL 8. U1 YU vild yal,
ISHSAUHL I, 1ol Aea-Gdlz, s dsua, yslisdl seul valdl, Lssidi-l
Bewterdl maldl, Hotlls A usd-dl stdeadnl valdl, oidl-l ool andl, wuRusadia
aU@uiug), Mg AR MEL otrdl a1 daRll %Al HOL 6. L AL dioll AU~ Al ucidl
ol 8, ceuaRal-ll eIl el lsABIME, A2 e 2 UR dlo vlld e dionl ARAB{AL
qlgdwal vuRusadiat oid uS g 5180 9la $Rd 2wy 9.

8.5.4 125194l Uil 2 [(Rd=1%1 (Prevention and Control)

Sely sl v2sld 4 AR . “Prevention is better than cure”. AL s&dd 1l Al 62 .

WBL 22d % A B 5 YUULA, LU AU vilesiladl Al Hied usarl etadl il ad, Hel

MLSL dARUaRAL LA A, €14 8. 12 2Ael WRRAMQAA wiRviel 0l 2% 8 3 % dgella wiesieid

3 4ourL Adr drs 43A O, Fell AHAUR Al G [ [0 asid. 24 deel Blas w1 Hidl-

Ml (e aoteldd ot 8. closl 2Adl GO 5 FHL WaAUNRL G4 €1y A Aol

AR €14 AL LAl FUAIRL (ALESIEI [ £330 )L MA 2oL A4S 2ax B, {13 oeuda Jedls Guiy

ARRUML HLESIEIE Al $oU-UL BUALA Hesiadl e [Faa1el 32 Gualall el 28 6 -

() duquesiu [i1r32] couel g2 284 : e3s s [ W5l Wl wie 2 Alsaa
€ld 8 drll e sl AU A d WRURA 523G AT owas dsdl S [Ae
AR wad 54l 51 AL elitdl ASA AR ul e d eRlal W2, Wase W 5 51
ey uglR M2 €N,
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=2, e AL
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(a9 A YAl w2 oA drild-dl Al 529 2 FRLL 3 2usodl qodl
W @ertel % s oL B g ANl def Rlar A A dHA 2iug ASA. 2 uRL
ed o oY 8 F ollns{l Alsan o, atas, Aolld, oL 2 A4 §d UYL adlR
Rl awadl A,

L Axy dxausil 1ge Adl : Rl A3y AHaUSL (peers) WAL drd Hee
Acll ASH, Fl dil dloy Hled 2l 43, due e (AR Rl aas Adl ssa.
yaleiel Al Gid aladl He diq Aoy qdle sl didiedl Bl 2 AR
etlarledl w[Medfsd sl du Hee Haal.

MUFS Hddl dR$ E[2 : udL WAl A Riasial Guisd s Addin v,
arll 2l 53¢l ASH. 51 @lsa 5o § wesiiar Adr sl G U3 dl 516 uRL wAsLe
(et el MUt 24 [Raeseil 2 wR i oloid aladl BSa. AR olte ol viaval
dal d-l wesn egudal SIRel Hdl W2 4oy Guidl s2aL A el oy ARARAL
IO SAUHL ALLAAL HASL.

cqlqilds vn 2uRlouldnus dsid Adl : % 5 gailod o [ wiesigial guaiagil
Aanul s S B, -l uee W2 GA Asid HAAdL HeldsiFs 2 4 iRBRsH
Buestdl s il S1dlddl H2 AN AHL Yredl s1sHl glRL Aoy Adl 1AL 8.
21 W51l Hee Haalll AU A5 del YRl Ul 21 88 Hetlotnell ded U dgRze

@ad, @dl A3 9.

ARiA

dgrdl 2i2d Aoil A1 ed ¥ AR, uig elllas, ks, Alrs 21
Yelldatfs 2 AYRL w9dL. 2895188, 514, LML, oLl Ay,
HARUL A 21y =2 AL Wl dsells A% B, wHiRex sy gl
gl HARUL Fal WAL ARAR L WY dl s ABd Wy 8. Alsddld
029l GuRid, sAA-AL doy, [fsia, Wl wella laieids oi-ilad, H2%92
el Alesieg o180 2 ulAsisdl QIR 24 A 22sidal Hie Gualell 8.
12 2UUEL Al AASREAL AUSHL 2l 9l R, 2] USRS dat
Yoy L oy 89, e HAA UlcLsl5clel GUaL3U 2UULll AL, SA™ 1R8I,
ALl A HIRYHL el Y @A WARARS gl L Mas SNl AdR UL
AIHL DU 51AL UAAA 42519 8, %L AISIREUAL 1B AZNHL U9 ASU
4 oy dl AlssA 2A26lldl (humoral immune response) A SNL (cell
mediated immune response) 1 25151 WL AivL €9, WSS datt 3yd
Sld 8, IR UL, UL % USIAL LSS A Yet: UAA B R Wlaasis ulaa
qy Ul i dls ot 8. {1501, UlAR&SWA Gl HAG B d-l HUHR O,
By AoUUL AU 2 Seuell Qi8R dlsinl Yoy adl 8. ASA 2
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10.
11.

12.

13.

14.

15.

16.

17.

SEICEIGT

HIV gL 313 © i @adel 8 yig, AlssA uats{l aval 2ud dl
ant vesidl wstd 8. J2dls SA AHUUR dASdl NNUS Y A Loy
Uglcl gl ARAR Al 2Ud dl H2Ldl s B, €laul, yairdl 2
(Bel2Al 5o Ao Huesieiar Ade dn A6 Fldid x4 51281 L 8,
viesisled A gl el ugle 2 due Aa-ell adl sieuqis deld
AQadl deua, sougia Aol AHAAAL AL 524, ulauRioi]
A utlesAolt] druadiel WEd Rad B, 2 o 9di d/asl duvilz
otefl od 8. 2L ol 51518 A2 el Riaet, 230 27 @lRd Ad
deslu Hee d el Ayeiudl 21 gneil Hsd 530 asu 8.

ALY

AL Aol WA Al Aoaal di dls )ladl sai woral yudl oL ?

AL Aol (=181 524l e 2R alasiiqdl 2ed sdl Ad Heezw w8 ?

{12 200aL UAs Aol-L Faudl 3ol Ad wu ® ?

(a) »ilelluRn (b)) RARA (o) ABRARA  (d) R

welldl Geatadl 2dlrL Feldl vestadl di g widl dail ?

DNA-l 22l Fraleinl Aoy orells’«ll 248 9 6 ? aell 2l as Rias 08 52
wals e Rcdld aRist 2iol-l wx 2l

03 3eais g5t UuH 2uha B 3 F 21 usR0Hl GuAlodl el 8. UAs Yol A 2l :
(a) MALT (b) CMI (c) AIDS (d) NACO  (e) HIV

{12 2UAAL dslad [ A UL 2 U sl Geleell wRudl :

(a) %=Hond USR5l 2 GUBS A UIASRSdL (b) AGA UASIRSEAL 247 FF5 wlsisdl
WeZloldl wyefl AWHFHER 2usla €131

L 93l IBRARI -l sl sui [Afan wRual gl a6 ?

Auard, lsal omkisrs dadl G wwdl ASH wd 5§ Balal a uella
wu 8 ?

3aR SN ALY, sl 56 A el gald © ?

Aotelfie 9 © ? qelal.

HIESIEIA | 515 uglal gL adl sURsRs 2130 YR ol

9 ¥ [l sl 69 3 Broll Hesidie [ ou-d Ad-t sl 11 7 ol ¢l €l dl d=t [ el d-u
Aarel 3l Ad Add 530 asw ?

s quid 51 Ulsd 2iesisia Hadl (oA Adi-l A3 53 O wsdl 211 524 918l 33 a3l
8 7 asll 2al au Qas 0l 5.

1L 2[RSIEL Yaidl AL M2 UKLl HUAL U ddl AR Ad B A dd 56 Ad AL
asy ?
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viel-GeaugAul Gidlsel w2+l sii-lld
(Strategies for Enhancement in Food Production)

9.1 ugudrt

9.2 qriyld-¥q4
9.3 AsslNyy Ul

9.4 Qall-2q4n

el atdl oaivaidl A vua-Ganesdl glg uel s ol
219245dL 8. ¥[As Rigidi-l veedl uguiad 214 a-uld Aat- gl
VULE-GAUlEA dHIRAML Sl MARIML dll oyBist vatcusdl €.
afawul, adl asMa Fdl 3, op dala asfél 2 delliadn
Y[l IRLS-Gedle el QHIRHL 2UHRS oyfHsL Mrall.

9.1 uyWa (Animal Husbandry)
w2 i Ay atrdidl sRugly 8. F1d A vigdl we
VL5 LALAS SLUACL AL 25 50U B, A2 o [Astil W 8. wguLe--l ol
I, oUA, 6L, Hl4L, IR, 8el, Gle, t1s3 A9l Fal Ul Ui A
el GO A 6, % H Wi AMeld] 89, [ARgd3U, Al HRAIBBR e
HRUGHR UL AN B, HRUBEIPL Vi2d He9lll, Ygsld (59AAYsd
oeflu 2yveciall Awdl-shell fish) 2i 2csadl>i ([Bow, 5234l WR )
B9, ussal i il AAIRLAL AL A1y 6. AAlcsulL staell
gl HEl, 2UM-4181, [Bhou, sadl, Heodluil, valil, 648, 612, dal e
Gl2 adi3-l Guallol ddrl Gawtedl Fai 3 i, Soi, Aiw, G, 23, 34
AR AL W2 SHL 20d 8.

el el 8 5 [ 70 % gl cRd 2 Al WA 9.
A e9ctl, 2l ald 2 8 3, [ A3 Gewle=d (farm produce)
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aq st

25%8; % 5H €16 Buleri-£2 il 24190 6. el well-Aai 2 denn-l wiwRs uglail
BuRict dLBtcril i Gerlesciil YR el He Adl dg[HEl-L MaloL scu3l 2Uud 8.

9.1.1 §[ any $MA @ddi Uyl udraA (Management of Farms and
Farm Animals)

5[ (vidz-farm) eadeu-{l WRURs wglaziinl cquids e ldl Ad, el 2uusl
wE-Gadlednl ay s doL 2l wslal Adl, 2wl el edls wEui-l
2l 5301, ¥ ([Alan ug-sM dolil sidd 8.

91.1.1 32?—*54{5{%{!4{@' H{qlYi (Dairy Farm Management)

3Gl 2 Mol AURAN ML EH AU el Gl 112 Rl eqaeu w8, g
a¥l Hal uyil-l el ol usl ol 7 320 xq wd Hsudd sld 7 3060 g
gl oirtatl [A(Q4 Goulgnl sui-540 &9 7 IR GAPL AaUARL WEFUSL 1 usuel»il
(systems) et 541 21d 69, Fel £4{l Gule sl 2 do{l dpRiamitil ARl 531 wsty.
330~ Ml g4-Geutent mafs d sMond (Rid-breed )+{l dpBidnil U AR AW B,
AR s (breed) FHi G2 Gedlen audialoll A1l Aud (d Al s wRRAMQ dsm )<l
Gualor 24 du<l o0 Al Wlasis andid il oyl »1d 8. W3 BedleA-aHdl
Rl 112 ugdil aRieta (Haod) FHl daq avaldl il aal, yad wel das
A21 5t AldlaREL €ld %33 6. U HIIR AL Asulis efsiel gldl ASA. Fl
3l AL 2ddl ARL (fodder)-il opBianit 2 dsil Holl U2 a¥ euR Uudl ASH.
21 BuRid Uy elgalrl (milking), g4 X% g4l oitd] sirilae-l AAS i drL wRag
e[l 2s5AUD ASLES Al 2eUeH (UL, AHY Al AN 6l )ef Herad w22 A B,
©a, dl 21 6] UZH1L Aol glRl (mechanised) 45 218 @, el d(Feirit Al AuSHL 2iaalsl
s el el drll 585Ul wuels W2 ddHl dvd YRS (record) Aviall e
AMALAR del [Fafd (RRlael (inspection)il 2ilagdsdl 28 © w8l 254 €ld v2dl addl
AR AL A AL sl (Reiret Hie Hee Hofl 28, u-Pulbets (veterinary
doctor)dl Falid Hausid ua AR ol 28 8.

dil 33 aaeli Ry waiel (G2al) YR ustiald Ui s 4wl dHil
(RciRdl 33 501l Hetsia @l 2 ussdiel ol WL S8 dl a4 d RuUe QL.

9.1.1.2 428(-Ge92 42y (Poultry Farm Management)

WREi-GB2 2 vilus 3 dsdi Ssi 2 Gualoril Aidi g uelladl (fowl)l aol 6. d
ala®s d 4l 21 olds dl 50135 250 (turkey) 21 €4 (geese)tl URL AHIAA 53 O,
{12 U3 ‘poultry’ A6t Al GUEILL Hiot AL YalBlAL Hi HAdalL A6i[Bd % seUHl 2ud 9.
Ui, aY AL 040 d 24w yallpilAl qiud uel deltid 530 4d 9.

3GaME, AdHSA A 4oy, ARG ()l uieoll, qou A AAHd sl
wRRAMR, 4108 w1 247 el dHo AL dell AR 2L 6L HRAUL-GH aeusxl

AL YR B,



ve-Gauedl Geidlsel el sl

a¥d TV (2lalane) axiaR 5 AMARYAH “bird flu virus’' (29
AR 9, NY ¢ 2 U2 UG . Fell 5128 SAMRHL 14 AAU] A
g3i Aner sl quate u2 uoudl Au ue 48, d-it (A4 ay nall, d-
2l 332w du [@d % 2 alalqRe G a4y sd, d 3ed 4oy &d ?
seels ezl o Au Al 44 al ad 2§41 341 2d Hesiqul ?

9.1.2 wiell-4dan (Animal Breeding)

uell-diatia, uyuansd s ot W 8. well-dad--dl &g dusi
BAlleAHl qHIRL 53l Al ddtl Blet-l Gegre ol yaRdl 8. dl
sl dael 4aqar 41e 2 wel-dal s2q AR ? § aavi-] yaigol,
el wagolledl e & ?

‘A’ (breed) woedll HUUBL g A4 1oL T ugHil-l 2dl A4S ¥
Yo AL AUIUALLA T ASUAA €14 A dHeAl ML Bulld, Asell,
5%, 3U-uils (configuration) a9l Fal Hl2l GUALAL QEBIHL UL €1y
Aol s % M I AUAAL s8N, a¥ dHI [Qralrel st Uy e
428UGe92 S+l 2] tudl-dll diel oi-al.

A 35 % Actetl Wsllzil 422 Aqt- sAaqH] 20, dl AR vid:Radq
(inbreeding) 5¢ 8. %3 6l [l %ndl (breeds) 42 sl lad
50l oilAa8 (outbreeding) 5& .
vid:{a4 (Inbreeding) : ¥atiq 2d s % AdeAi 2Us Aslic wellil
Q2 4-6 Uglail Yl sAUHL vldg U, U¥A HAL HL
Al 25 % Al A% AR 2 A% Hield Wl slaal 2 dild (3
Adle) AL A4, 503 U Al Hedlst sd i dxiel A
A i A% Hield Al 2Rl AHILAM HIZ YdE sl AN HIEL d33,
Y & Gl €l As. ¥ UAS e4AaA8l (lactation) Ay 8 U 8, UL 6l
611, A% A B2 vl (bull), % ey A+l ALUE ArsdH AdlL G
53 A 8.

w5 SuL W@ ada aHyel ge dusuA we s qzeuddl L
Adl Aaadl W2 ¥ sriusul-l Gualol sl el edl, ddl ¥ s1d-
uRuel-l Guallol ugill ws Adl (pure breeds) Hewddl HI2 w2l Ay €.
vidRiad-el AMYOHAL (homozygosity)-, U all 8. el A 2wudl
A welHl dadl Qs Ad Aqaar wislla €la, dl vidziad @3d 8.
A A5 W29~ o=l ol ald 8. F wiedll gL &2
53 s 8. d A% we{l-ldl wae s2aml 2 AR (21 Begre)
opelellnl 2 SAUML e 53 9. W12, L ARPMAL wdl e AlwA
el Hasty €lendl, vidAalid adl-{l Gauesdml all 52 8. dx
9dl, Add ddAad, v A4 Fsedd ddat-, sagudl 2
BewlesclMi g2l M3 9, %A A gouRl (inbreeding depression)

5(a 9.1: gl ugpil A HReu
Ad-yt1R81 (a) ¥ Jersey)
(b) @261 (Leghorn)
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5& 8. 2L AHAL Glofl Wy A, vidRiaMd adldl welladid, d o %dnl 2ieifd
Avs wiellvil WA AHA sAqd], sagudl xa {luw(Gauesdl)d Yot i 530
ASY B,

ol4a8 (Out breeding) : A€, 21i6iBid ellii A5 B, ¥ 4-6 Uil
Al wHi ydor A 4Lddl €ia dal wellail a2 (out-crossing-(Andlu 3
ol[E025781) 24l [Pi~t % a2 (cross breeding - URAtA) Al (it osleiil
a2 (wticRdly At - inter specific hybridisation) €1 23 €.

(i) €050 (Out crossing) : d 215 o -l Aai WLl 423 sAdL AHRH B,
Ful danadl AAR 4-6 Ul Yl oinl ellaill SIS ALY Ydor dlal < ASA.
2L U512 Gt acdl Acla A % 6if€is2 2 (out-cross breed) dl3 2avuy 8.
L Uglet Hal ugil W2 Gudloll 8, Fuil-l g8 Gadle-adl el €ld dxw Hin
W2 Guddll lu dal el Hiardl e a4 8. Wl Asdir eilédatd 2
BdRiat £oURlA g sAHL Gualoll 8.

(i) U2 444 (Cross breeding) : ¥l Ug[dHi 25 el 4% A1 24 A+l A%
Mgl A1 UM SAAUHL 20 B, U At gl 6 [ 2Ad-l SR dasiivl
AH-ay Al astd 9. 2 Ad vadl Al Al ¥ aulRs Ganeni Gualell ©.
~tcll 22 Al [@s1d W2 Al idRiseL v wriedll-l 23U Gualail 8. ¥l 21
Acl 22l Adl 2 adHin Adiel A% €S ad. 24 2R g asll «dl weledl
21 A (A5l 2dl 9. yameni [@AsRid [Rada (Hisardale) 82i-l Adl d 6.
% [Bis1A3l 82l (Bikaneri ewes) - 43\l 82l (Marino rams) a2+l A58+l
{lues 8.

(i) tidondlu A0 (Interspecific hybridisation) : L uglaMi, 6l R~ (%€l-
ogel) A6 BADAL AR AL HIEL A2 AULH, SAAAML 2019 89, F2els
(BRruildl, Aclanl ol [Mgaiiqal SR qagll Fial 1o © 2 dd s
g, RS Heta €U B, eld., WA (Mule) (2usld 9.2). & ai w8l
&9l 2Rl Geulrt s41 45201 WRoux €9 7

R A8 udlel (controlled breeding experiments) §[3H-l
| 1A (artificial insemination) G121 52l 1A B, A58 M2 Wi
53¢ A ofld, ude 53A Helrl WYLl Aaks (breeder) gl Elvd

— sLAUHL 2019 B, {1l GuAlol drd % 3 d-l dlosclll (frozen) wedl GudloLMi
21504 9.2 : w212 (Mule) Al 21 8. d 14 dlodal @3l Held ul AL 2dd €1 o
02 NUARA 5307 A oS WstU B 24 21 A S2e9+(lu A Sl A1
9. 5B dldda- (insemination) gl AHIL AHHEL Geurt ud]

AR Rl a5 8. 9 ait d-{l 2al 214 Jeells el oirudl usi ol ?

168 5B AU 520l 69l v 8l duid YWod HEL A 4R 42 53U Hddl
Asel asnalddl g2 84l WA B, A AdL (hybrids)l SN Glled M2, e
Uglaii-l el Gudlal sl »1d . multiple ovulation embryo transfer
technology (MOET)3{ il 5153 € ¥+il gIRL L-UY-qHIRL 53 As1d . i
Yalddl ouus, FSH-%al id:aiasil aRaR sudnil »ud 8, el visyRsl
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ulRusas DA A aY 21e4%+ (super ovulation) 21 8. AHIA Ad £35 A% Gt Udl
1 2L851MeL 22U 6-8 2SIl Aot 6. 3Rl A wuvial WA 3 5B dldAan g
AHPRIAA 514 89, 8-32 51U el s[Ad g5l WAL AR Aad], d- A3
Hidl (eugdl Midl)Hl @NdRd 54 9. 2L Ugladl Gualol glRaivr, Hal, Audl, M,
gl adlRML s YAl 8, Aeldl Ay g8 Ul ol 2 G2 dpRiaTL (e Heawy

HiRL)AULOUL ML ALUAL ALMEAL A3 AsUAYds AAMd 530 s D, Fell 5319 25 unuui
2w (herd) se (ival) afl 8,

9.1.3 waHv{l-G892 (Bee-Keeping)

Huu{l-G92 (apiculture) A2d HH-Gcwle W2 AL HAYSl Hawd. d
wAll-isinedl Al idadl 215 4R Gellol §. Y 2 G2 WINRIHEY, Y214l USIR 8 AN
il 2ol ueuel (2uyde)al wat d-dl Gualol sl 2ud 8. vl At Geutest
el {lay (bees wax) 9, ¥ ieliBls &3 vier Gualoll 8. F3, Aled-uanu-isl
oletlaHl 2 (AR usie-l wilaaui. qa-l addl odl Hiod 518 waH{l-G Hiel
wa (sl %32 il 8. 20 iy Hiel WA €Y 5 Al WA, d s 2idsd Al
oi=il o1 6.

HHI{-G92 d sl ooLel ALl sl o1aflAL 2 dAML clddl UL €y Adl
2 4 w4 8. wurll-l declls olaviia G asiu 9. Fui-l Al a2kt
Al S(s1 (Apis indica) ©. HHYSIA HRAL HIBUHL, A34ML & 9d Gu el 63
astd 8. HaHL{l-GO3L ABLs 514 Sig el

HUL{l-G02 s AW ARAL B odl d-l W seds [Alre sud %33 8, ¥
w2 sedls Al 2L A2 [BaR ueld 53 9. usn quul-682 w2 A yal
YRAAUAL S

() HaHellzii acud 24 2iedy/mgldad su-t

(i) HAYSLL AviaAL W12 4oy -l wiedll

(i) el 98 (swarms) Wssq el del HAYHL B4,
(iv) (Bt 3 qllHl ML, R

(V) Ho 2 il o maad 24 A4sBid s

WLl 2R HR1L ULs HI2 wlelAlesl dld ad © (il usel 2). Fai §,
yAwull, AS (Brassica), s A AU WS UR YileMa MY el A
Hey il WARML AL 20, dl ULl audl atl 21 9. 2, ULs 2 HY olnni
BewletMl QoL A1y 8,

9.1.4 HRUBeNd (Fisheries)

HRUGERL HRA, sa2ysd el 2y vsdall 4wl (shellfish) 2 2= el el ussal,
B sl 3 48l 53 A AsoAd 9. viuell drdl-l M2l eudl e, d-l deldl 2=
ey el welladl Fal 3, Bou, s2dl, disker (Uisl-lobster), viiel el (edible oyster)
Q912 UR viRLs M2 LR €9, Hlsl well-l viaHRUl FHL s2dl, A 2 AL douas]
Hi9ell (common carp)-il AHIAL A4 9. 2R S2dls sRuS viamadl dl 3, [Reu,

(\
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ARBRU, 33 2 ubzedl 1 aw Al 9. WHl 518l 5 dHil @l a3l
vialdl Hieoellil 568 &9 ?

ARy, dAdRAUL HRUGELLY, oL @ 8, eRUGBUAAL AL @il
HEGIHIRL 2 Vgl d 2Uds 2 AU YL W3 D, 8Bl LSl W2 A s Wil dudl
2(Ast 8. atdl ol Hiod weiAl anal e d- Beute- atral Hie HeuBaMi [@lay
sl Guallol sl 2 9. Gelswl dl3, 28l seia- (aquaculture) A HRd-
atin (pisciculture) gl st ¥ A eRULS 0 oiil wey anuld 2 Wil
Bewte il AsHL Sl HRAAEA A YA 9] de A4l siel. FA SR8
HRAUGAL (A5 WRl © diy sl 8, Fel Aty a 2an i A[AN vgdld 0l
el was 4 9. ¢d, 2u8l ¢d ‘Al sild’ (Blue Revolution) (A8l dldl s2aL @yl
¢lal. ‘eRuvll sild’ (Green Revolution)={l %™ i WL i % 6lloidl @ U3 8,

9.2 a-y[d-Aa4- (Plant Breeding)

WRURS Vidl 121 3 2 Wil W2 AL WAL FAGUR Blled AU 6, A1 ARANA
6120 2L AL A [RAR AUl Gedte A At 530 AU 8. U3d, S5 AL HUML (s
e YL ). s AsFLELL 3uAL Ul A HI2 WA Gedtet atiraul Hee 53 8. et
56 el alsa O, w8 Ruwll sild (A wiee] 2l ? = agl 20wl ws-Gewte-l Al
2145 dl Uit 53 AsUL I, d BUd 2148 [RS1A (export) 56l UL AAY 6Ll
gl 7 ¢Rawoll sila Hlel eudl, adruld date-l dsFsl u ARd a6, 2l 151 adisl
QY Geulest dal aL-Mlasis -l [As U2 2Rd 8.

9.2.1 a-Ruld-dal g & ? (What is Plant Breeding ?)

ariRufa=iatn, aduld-l il Sueyds-dl sa0 Hask 9, ¥l 4oy dd $REHd
ariufail Aadl asiy 8. 2L Ad Hadl adulail ay vidlaws, 03 Gaed 4 Aol
ulRhs € 8. waizsla 2], ol al yd wiuRs 3unl arrulds dAqt-
5L g, €. dril 9000-11,000 <l Yt AL YLl 2% ULl Guast 8, dldsil
seals wis waAlsiadl enagiRs 3nasll-uail (domestication), WRBuH 6. UL
BUYRLL oL Hi2l euoLHl vileL Wisl, Hasly Al (domisticated varieties)Higl Gaut
2hal 8. Geste arRufaiadanl Qe dasHld As0 2 A5 AR B. AR olie
Al A0 9, Gewtert, MRl 2 oBARIASALAL S29+{14 el HRuadl arulddl-l
sB wrieoll d 2AAAA Bt sl a8, a{l-fas, »ulan aldsid -
Qelliate &5 ude wouldril sura3l, e adrulel At 2ulEay o-{IRs wari-l Gudlol
534 sl 2udl 28 8.

A 28l Aal Aads aaeldl wel oadl € 3 3l dadan wslanus
QUL A 5L U 4L A dl AU MR Al Ws-Gedtest 2 YRl
dpetarl qlddl daei-dl del eisitadl w3, ualaella deua (aidl, G AL, 4bsdl)
A atdl AgAellddl, o518l (WS, $9L e 6is2RuL) U ulisisdl duy slest
(pests) Ucell ASA-MHAHL QUL 9312 uRL 21uR(l ALl AMaal usdl.
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iUl sl JAaRA A a4A Rl w8l A dHy RS
Suedlall g2l 2enaardl 2ud 8. o-Fs A Rl 4iadl ws=iafid el e 8-
AsLssIvl Gy 8 ¢

@

(i)

(iii)

(iv)

)

[l 2isals=eL (Collection of variability) : %[5 [Rimidl, Adtin
stlsHel 2R O, qel WEA %5 Riridl Al oorell AoiFBd uoslasial
Ui 4 43 9. ol o (@l %a1dl 2Adl (wild breeds), Ustlail 24 A6ilBid
Aalfid 2l (AHel dael M2 Yeuis s2a)-l AAS x4 uRael, adlHi
wslas el Rl 213815 A W2 Yd-2UEA 9. 51 wsul Aa
Hodl ol ol [QRM asl@us 5150 (alleles)tt (adruld) ofle) AR
- UALRL (germplasm collection) 5& .

yeuis 2 [‘\Jrj%}'ﬂ ygddl (Evaluation and selection of parents) :
U] Hedisd sl 2d 9, gl S[RE9d dasidl Axad quadl
iyl Al s, 2 dd wiedll s adularil stgarid 530, dusll
Bualol A5WL IR SAML U . L UL Ul S29{ld 2 WsH Sl AL, Ys
Al Gau~t 531 asiy 8.

ydg 534 th%} 423 Y2-3528l (Cross hybridisation among the selected
parents) : 480 AR SR daRlAL Ay 6 [t gl (asuld)L Guaiol
gl ANAML 21d 8. FUE, s [Ug G2 WA dpiatL 4ud 6 21 ol g 3
% A2L-MIARHSAL HAL B, ol Al 2ial SR 2 G2 gl An-ay 1]
w1y 8. 6 [Ugaii-l W44 (cross hybridising) glRL 2Ald us4 6, & FHidl
Asod Ul A B FHL 28 o aqulaml SR aasiidl ¥-{lFs Ad wx-ay
Ui €. AR Al ddld wie $3a aqula-l Yo% 21sBid 530, Hiel 91
s wrie 524 arufaql WASUAA YR U sAAUML 2d € uig L UBuL
A¥Y Hioll & ddl e saouces © (UswL 24l AsWL 3l A sAAU B d
el B). g Rl %33 el 3 sl SRR casiig o AR A B, 2l
€22 A5 UL SIS sul % witcll S9-{lu Auway Aal 1l B,

G2 gd:ef'ﬁl}f?\)’d Ndldl udedAl x4 ylaw (Selection and testing of
superior recombinants) : 1 doiss1Mi U520 gL AAAA AcdfaiHidl SR
daRlAl Ay, q1ddl adulaii-l wieall scHl 2ud 8. Aseu- Geasdl
i w2 wiedlldl uBUL vor o Herayel 8w dul Adlid dsubis @6
Heis 4d BB, 2L dessiril WRUM3U Yidl anufal did wd 8§ ¥ oix
g2l 2% Sl (U2 eudl A1 sl ay 4% a-iuld Adl wd wd 8).
seclls Wl Al AUl auALu sAAdAl 1 8 5 ol Yl AHIUsAL
(AMyudI-homozygosity) Mt < 2y el AdlABNHL d2ld 2 qaeile
(@il /[Qdlo =t /[asduRL A d1x,

1dl wldxly udaw, ylsa st cwrwls:@ (Testing, release and
commercialisation of new cultivars) : <1<l Wi 534 alaii-u Ci&lé‘-ﬁ-i A¥stl
Baulert 2 2wy RATAMR ULs{l Uelall, AAU[ASREA O W2 Hedist
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5L AU B, dHAL YEdist HIS dHA AAHEASL (WAL GowsauHl 2A1d
8 A d el e (Aed) vidR, RS (Rad) i v ws=2nas
Ss0l ddel [Qssl Aluel sai 2ud 9. AAUAE (research-field)Hi
del qeuis olle adufaig udlas tadi [@lay el vgddl WdHl
UL 2] 2481 Wil Yl S 2Ud B, ol uLs GBI wsY dal il
o 5[ 2ellsasld 2z diq €92l GO 2ud 8. 2L Ad oL wsl
qdetrtl vl 2% 218 wLs A sAL 20 B, FelL W2 AsRll 3 d-L Aads
(check or reference cultivar)-l qgal Ay 8.

Rd s s 2 8. Uidl euRrdL g4 43¢ Bawlert (GDP-gross domestic
production)-ll 33 % (B4l & A dcdldl 62 % Alsil d AU YL W 9. eldxdl
Rcdcoicll uedl, 2oL A Hou U5 aldl ol tival HI2 Yad viRs-Gaules sdls, gd.
el el ¢l 3, Wdl w2 qalld o3l (o) Guast ©. dal Aol Guaosy
flil Ul H1sH Ws-Geulet a8l deal MARAL 5aL U, 1960t Heaui 4G i Alvil
QY G2 Gaued 2uudl Adiqi sl anufi=iada-dl asfglpid Gualol sail,
uReuy 243U via-Gauedul wauls 9l us. 2 dessid 8Ruwll sild (Green
Revolution) a3 »oeua 8. gl 9.311 621 Guretaudll s2¢fls aRdld 2452 Adivi
WSl W 52 6.

. HD1553 (Sonalika)
1967 :

(©)

wusld 9.3 : Szas oudla A5 WSl (a) 1sLS (b) 46 (c) weisu
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46 2 A (Wheat and Rice) : 19604 2000+ AHu2U0UHL, 4G Gautet 11 Flau-
edl atll 75 (Al et uy, w12 Alvie Gawen 35 Bty eell atld 89.5 By ex
ay 6. 4l A Aol w-due (semi-dwarf) il [Qs1AA S8 2 1y, dlod
WRARNS [@Fdl A ©. 6lReld], 46 wua U5l widRAEH YR8 3+, (Internation
Centre for Wheat and Maize Improvement) (545141 2t-cuue 4G+l ad [Qsuidl,
196341 ®llRd~l 86 Gousdl (AdiiMl G «{luw 2udl x4 Ay Al s
(Sonalika) 2\ seq18l Al (Kalyan Sona) %<l oadla Goausami Ail, 2iviisll A8-cum-
cdl IR-8Hil (icdAPIH ALl AWM A2 - International Rice Research Institute -
IRRI, BlAuws =1 vid) 21 Taichung Native-IMiell (dtSai viid) [Asuiadiul 2udl. 1966Mi
2L lirl MBS W8 GUAloL S2AUL UL IR GlLe BIRAML 44 W13 Gdtet »uudl
w4l 2 il (Jaya and Ratna) [Asaiaaml »ud),

A4 (Sugar cane) : A3 6URAI (Saccharum barberi)d N3 GrR GURAML GoUsALML
adl edl. uig aui WAL U Vol 2l A Belert uRL ug) e ed. rwR elE@
Rl GuasRoiuui Qoidl A% BRI (Saccharum officinarum) 0§ U5 2 4y
a5l Mol B1adl edl. uig A GuR eurdHl Wl [Asre saldl wsl el 2 ol Al
As0 Ad A58 AW, dHel SR ageiiql Ax-ay WA, ay Gadles, g usis, G2 wd
e G eldul Gl asarl audl 4iadl wd Rsuiaasi il

%AUR (Millets) : GURAUL 1518, YR 247 61 RL-l A52 Al AsAAYds Qs 8. AsRa
Al 5128 ay Geutert sl 2t well-{l W (wte9e) i ulae suadl Andiq Qs
ayiRl Ydl 9.

9.2.2 A21-U[ARAU5AL W2 aruld-ia8 (Plant Breeding for Disease Resistance)

5oL, ols2(Rul A ard sl [ el v s3AA GuuslRoitnl didlaei
WS-l Gedlerd YR AR 53 6. WisT 2L sl 8l AR 20-30 % Y4l A s413s
ol 2yl s wat e . 2 URRARHL, WdlEma s sadial Aot Ws1R 249 e Qs
WLA-GAUleAHL QtIRL WA 9. ¥ §o1As (fungicides) ¥l @ARALAS (bacteriocides) il
Guulal-l 2Bl v2saMl Hee 52 9. uHId a-ufddl ulasiz » A2 Geu~t yaidl as
L5157 v2siadl-l aMdl © v d 4 arufiAL RS sl 2l FMalRd
8. Al WEA uriadl ueal, Ao1s1250 [ A1l Aaad) dny dxsi uar-l Gaalk
el 1l 8. §9L gl Ul $2dls AN AR (rust) U2 8, €l.cl., 4Gl MR 313 (brown rust
of wheat), 44l-l @& U4l (red rot of sugarcane) A« 6l212LAl WIEILARL Qi!sli\l (late blight of
potato), tlseRuL gL adl g2{ls2-11 5191 913, (black rot of crucifers) 4= (A9 6121 Al Mgl
BR12 2oL (tobacco mosaic), Ao+l BRR AL (turnip mosaic) 4d13.

at-ulaasdr -l uglazi (Methods of Breeding for Disease Resistance) :
Aatiadl & uIuldld datadl asfslal (% 2u6 aglda 8) 3 [Rsd 3 uRalid qad-
(mutation breeding) g1l Rig $cUML 2d 6, A0 24 uie(l 21 UlARAHS Haaal Hiz-l
URURWLA AUl 8. dril W2l doissipil ([AR) 2 Aat gL ay Gaule Anaal Fai
2 516w sMlaasly dall 1l dossivll 2iads Ad AL 9. [AlAY dessivil s




174

aadsti

Ul SALAL Al Hi2 Bl dlkanll, wieoll s gl A58, As il wiesll
A Yedis dal Adl g udlael 2= e (e wgdl).

A58 Ay wriedll glrl Gousalml ladl 91, 6lseRUL s audae A0 UA Ulalus
B 6lGIR WLSAUML dd Feels wisl wdl 8 (sies 9.1).

52 9.1
u$ (Crop) A\d (Variety) 2L A A wlAA 45
(Resistance to diseases)
4G (Wheat) [&+9(1?] usl qat BeuRl-l 93 hill bunt
(Himgiri) (a6 adl 218 2A91)
¢ (Brassica) Yl 2Rl (Karan rai)  ¥3¢ Olg (white rust)
$qR (Cauliflower) Yl Yol (Pusa Shubhra) sl 4l (black rot) i+l
yal ol K-1 $9UUl 5191 Y5114 Aetrt AR
Pusa Snowball K-1 3191 ¥l (blight black rot)
Ala (Cowpea) Yl s14d (Pusa Komal) 65244 @3-!22 (bacterial blight)
423 (Chilli) Yl HELOSIR Al HASs a2,
(Pusa Sadabahar) cloisl HiASs age v

yplqe (leaf curl)

[alas wsl @Bt odl 3 d6ifd gadl dldl sl 2 siovidal Aa-ulaius
ofefleilefl Al Bict AvaL 51280 uIUARLA At W2 @ISl {2 eiell 2u V. [Alay Guidl gL
Al gl DRl 2 R olie WRLsRSAL M2 a-Rulior4 eldl el drraqul
5125 S(E9c oIl vl 530 asid B, S aael 4nadl sudl anulazile A0y o
olg2LRle 53] A5 B AL AHAL At M GualoL 53 AsH B, Acgrtrll 244 ugledl F-il
GuAlaL a1l 20d B, duidl AlsAlind ARUx2 wA @RS AR HuFEaL Ul uigoll 8.
BaulRad- [Qgla (Mutation) : 2-dRis Ridl W2 el 2ie Aot el sHuHL
53512 52l dr [l (5281 5 Y2il) 58 8, =t WRRUA Aai daeil [AsRid wd 8, d disi
Mgl €ldl el 5By Ad @umel 3 [ (Fal 5 aus-Bei)Hl Gualol sael
(sl 03 asu 8, A Aatiaul Ald ald S2o-l qael vuddl arulasd wiesll 214
GualoL sl 2Ud 8. vl UBAA BuRad dad (mutation breeding) 58 ©.
BauRaldd %ol (mung beans)i del WHSs Al w1 wagdl Hlew, (powdery mildew)
A wlaRiasdl A3 asis edl.

arifavii-l deells Mo ooiel Andl ulls dasl 4ud 6§, ug, dai-l Gauest-
il olg 2l Sl O, el Gl Gewted e 2udl slru Fodl Adinidl G-
Bewesdlansil diml wRids s+l uan suauHl sud 8. oSy (4belmoschus
escalentus)Ml ¥dl HRSs AldR (yellow mozaic virus) AH UlARA4SAL Haaal a1l
AdHigl dd (2iial weil-did) deeld sl sl B wReud . A2
(A.esculentus) ~dl %d (variety) Wit 45, ¥+ o118l sild (Parbhani Kranti) s& .
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Gualsdt oil GelewUHL MARMS well-dirl Ald AHA 1 D, AL 1l A % Uis~dl
A 3 Aol %orel AL €1 O 3 Fus Avt-Ulcasisl W2 Aalfid sl 204 8.
ulaRlMs ol A8l dgy anufd 2 Al a-Ruld 922 [[ofl-isw saiel wy

0 1 A wieafl-l Bat g yel sl 20d 8.

9.2.3 sl2st WA ulaasdaru [asn w2 aduld-iqa8- (Plant Breeding for
Developing Resistance to Insect Pests)

Ws-crRulel A Ws-Geuted il Wl [Qrueid 2w v 51201 $l2s 24 Slesidl Gusa
8. qorHiet Uls AL S12 UARESAL BLELLSIR, FARAUULL F 2esld darlia $128L
€ld 8. Jeels anufaail A3y uRll, Slesidl wlasi: W AsuAdl 8. eld., SUHL
%[R1s (Jassids) A ©GHL 1=yl ojoL Slesl. aGui (RS UL Usid 51281 21 Alseld
(stem sawfly) A¥{l 1@ cfl 12l e el welanoll 2wyl sw-l 2adl elicast
(boll worms)AL 21u5M{ wsdl el HstSHi G2 s RS, USZIAt A AU 2189
MRl d-ll U8 Aes Sl2sl (stem borers) MM UQARIHSAL AT .

2wouB add Al gL, sl ulatsdl He-l dat uglapinl 2 56 wa sM-
(s qam Fus, Gawled 5 olal 4ol d % Ualadl-dl wud ad 8. sB da d-l
Foledl Adiil WAy FellAi-l Ald sRF Adl dHy AR wAU .

slesl Ul ulaRilsdl [@AsAlaal M2 ASWL 2, YAl glRL S8R WSUHL 1dd
3edls U wsl adil ®Rd A ealda sives 9.241 20l O ¢

51024 9.2
w4 (Crop) %\d (Variety) £l2s (Insect Pests)
¢ (Brassica) Yyl 9l 2354 (Aphids)
(Rapeseed mustard) (Pusa Gaurav)
qyel 3819 Yl A4 2 (Pusa Sem 2), ‘5’@6@1 (Jassids), 2»2[34@{
(Flat beans) Yl 44 3 (Pusa Sem 3) il $NGIES (fruit borer)
@lst (Okara) yal A4qlil (Pusa Sawani) — U5LS v 9GS

yal A-4 (Pusa A-4)

9.2.4 gﬁu"aet BULE-dLRLd Tl W2 aruld-Aa8q (Plant Breeding for Improved
Food Quality)

.

[mi @il 840 @l ((las)al uet ay disid du-l s vie dan dneRisibl
o 3[Rt Yl Hi2 uali viLs Mt adl el {4l vl @dteil 3 521 (Bulau) dist
a8, Wnscrel, Wl 2t (il Gla As 52 8 % opu (hidden hunger)-l s
6. 5128 3, dlld WD, 58101, HI9E] 21 Hidr{l WILEL uadl wsdl «edl. 244l wiLs 3
FUL AU s @8, UMsdTal Fal 5 2, Q2R A, 2R 249 Bisdl 2onq €lu 8 dq

18 2oL datq, vy Al oy 9, Fel Dansiadl daldl v HARis axdl 8l oy 9.
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29 [dstin,

¥[As 2@eucHsdl (LASEESAA -Biofortification) : ¢ls dgrdlHi YL 52
W2 Aafd wsii Qua weunl [RaBirn v vl dedl duy areads Wd
Slal %331 9.
YR WINBL dRidTl M2 SAUHL viddl Aai-Hl (LA Yeia sl
Aai »Ud 6 :
() WA=l 2 dRidTl
(i) dd-MuIL 2 il
(i) [ R 24
(iv) @8 drscrel dal viely-uHie
ay 200041, [AsRd #1519 252 ANdHl gra-dl 1stS-l nd 52l AP x4
(ER1F ARAARS neL oo iy, 4Gl wnd, A2dlt 66, d-l G2 Ul
yeud 51281, 86l Y ws Aaadl e eldl dls Gualdll ©. A auadl
datdl vl odul €ld d-l sl winee] 2na-d-yer qaadl Al ad
(AsauraaLd wsd oy 6.
adly g[.‘?l—%iiflil-t Ul (Indian Agricultural Research Institute, IART) i
Y (Bl vid, WsCUDAL Hal WSl sl Wl 8 F [Qaufi A 2t vl [Aya
YU HRAD B, eld., [@afH Adl MY duwR, wds, s1 (pumpkin); ([@2uf4- CHl
Ay s3al, Aa-ll eum (bathua), AL, 21Hel; 2 (dig) 2 HAUHA MY
was 21 lal oum; dul Wil uyg sl (Brot) Fal 3 Qg (broad beans),
aledlal (lablab), 21l (french beans) i<l d218ll.

9.3 As5M% -4 WA (Single Cell Protein-SCP)

B, 58101, ALSMID, 50 AdlAl WRWRS sR-Gale-l €2 Hedl Al & d aw 21
wielaleAl atd) ol o=tivandl w3Ruida yld 53 a3, wsieRel HiARHL Rad+
gL ] Hiord welzll ad 2 Aell; 5190 3, 1 B el Hidet dat« w2 3-10 Bau
Wel%{l ARS8 V. Y @ 2t [t ARl AISIR-GridLeL il 21413 a8ld]
sl e9l 7 25 21l wat a Miradel el 2 suineil [RsSR 6. w2 el
WA WNEL Wizl As(Es AldlHixL 215 Ald BussN%=A UEA (SCP) V.

218l BLS 2t A S3UHL 2L 48 DA M AAL 25 1 WA D, g Radle
el 3 2wzl (Spiruling) ti2iei-il ARRL @l (¥4l 21 €ld 9), ari-dl aollil
(straw), Hlew{l4 (molasses), M1201% iR 2 L2+ wiell (o) A3 UR AL
GO usta 8. % [Aya Hounl WA, viler, Ae, stolllEad 2 Qi My viris
ald 212 AR V. w518 A 2l wulazelly ugnad vl g ©.

seals sis2RuL Fal 5, BranndilFax Mandiglsy (Methylophilus
methylotrophus) G\52[341 A1l G2 FAMIR Geulerd 2 g [ga 51281 25 2+ Uil Gur~t



ve-Gauedl Geidlsel el sl

sc{l Sl 42U . B USL A B § ©Ell dlsl HAZHAL YUEIR dld GualdL 52 8
el 12l WA it 2 BLs Gdie wR [ 6 8 5 yad wdl el 28R dild edlsd
2 AS 69,

9.4 Ugll-2ia8 (Tissue Culture)

R 2UuRll WIURS sMuglail wald Hewnl vkl wio ueil andl w3
A5 o1r{l 8 U Ws-rRRL el s Aol As[RElL [R5 () 24l © % U8l
Usll-2ic4 (Tissue culture) €13 9l Wall-2iatiq 212A 9 ? 1950 el AsuAsiA
onail 1 3, (Rdgu (explant)Hisl 2is el o1s [Qsaidl asi 9. d W2 anufi-
A5 uRL oL A ARl Fsd WRRARME 2Reeuotil Aald sl 2d 8. 5165 vl
SiyFAgumie] A 918 U] AHAA WARHAL (totipotency) 5& B, 2101 HIRRIML
¥ 2400 5220 5 A 56 I AsH oirtedl A1 B, U] B Al UR B CUR Hsal AT
3, Uins ML S0, Al FAL 5 A5 Any 2501 FS &R, [, AR
L 2ALER (auxin), U451 R (cytokinin) Fell gl& (RS YL LS 2, UL
Ugailoil GuEloL gl vol el AHAHL HLEL vl sl uug Anad asd
oA B, 20, Uell-2iatinl g1l ARl Avani AUl 4 «t-{l 201 ugAA Yar-uad
(micropropagation) & 8. %1l ld Geurt Ul axtulail dd{l Yo adulaild Hadl
214 8 3 Fiefl A [saidl €lu, 12 3 dxil AHMsAl-4 (somaclones) 8. Hewas{l
vualelall Fdl 3 21iel, S, 5%+t a3l Hlel WA Gewlen 4L ugld g1l sl 2ud
8. i adiL [Qas A 2ud Gadl=iafd ualolnou- yeusid dl. Fl dd a4 11w
A1 e dnl [Brreidl asia.

WL Ugetrl g Tarl 2ied GualoL A 8 %, ABR2 xRl dgrd arulai-l
et WU A 9% B, anauld szl Ard €lal 9dl, d-l ad-slld ugA-meristem
(230u-apical 1 sellu-axillary) clduel 2ueiAd €l 9. 24 112 adlla uzu
&2 531 el WARLWOUML (in vitro) i BB 4 s astizila Aadl asa 8. asufFsi
30, A4 24 s2teiel afglla A Al scuHi AsudL Holl .

AstsiaA asulaHiell 2518 SINIA HARL ARl § dal disll Sinelaiasd W
sl vied [ Aoet MlAlelH AadLS Asy O (¥ stnuveddl 2uald €lu 8). »u
A6t (G o divl @Az, (MieessM=protoplasm ), % SR @atell HAA S du= Al ¥
530 2452 Ay A0l Ws1A O, Feil 21210 Al AL P 12 Gualol 53 AsiA
8. 2] %din B[ % U s (somatic hybrid), 412 d-{l uglid B[RS s (somatic
hyrbidisation) 84 20 €, Al seurL 5 3, 2AH2L DARAL AR GL2L2LrAL AR
A8 sAAAHL 209 A dHizl]l Geut ad) 52 anuld 212l 29 el21eL sini-l aaeil
qAA D, ¥ uRUA DAL (pomato)f 1Rl 53 Uiy B, uig, gailouca 2 asirulan
AR Gualol W2 SREd qaeli-ll Anray w0 wsdl .
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11.

12.

aadsti

AR

Asufs Rugidid 2qald wag il ARAUA dal ny-tiold]
UZAA ugad s€ 8. BUHS AU HisllcHs ol e[Rsivie]l cietery]l 2Ad]
uguid vglaviid syl ugell diy dadl Gauedi-l addl ¥dl
viteriol Y3l 530 aste . 2 wglaviing (i) sM dan sRugilg caanus
A (i) well-iat--dl Amd a9, W Gz uNeer dUy d-ll
IS Hegra el AVl el 682 % wlseadl diMwsl ail
UYL 9. HRUGENLL Y-l 2A1dl [AsAdl Gellol 89, % Hie9e], dell Geulert 24 4y
wefly viesnglladi-ll audl qise y3 53 el 8.

il Al Guallol el -l (sl wy 8. ¥ AASRSL dal
sle uleRins €la. el viRls Gauledt all 8. 2L ugld gl viusl Wiél
WAl d¥y dedl il el qatiRl s3 ASL 6. AL otdL Gual WiRlsl
Gewtedl atil 53 9. Uell-iate 2t 2l8s swidl assl-u Gualal gl
Invitrodl <<l 2Ad (variety) 42 Asld 8.

Y
Hird-seRHl ULl ofHsid 2sul Axadl.
A Mg gget dididl 3Gl HAA B dl di g8-Gete--il oLRial A HolAl JHIRL
5L W12 541 Guial eaiqall ?
Ad Aoerll 242 4 O 7 wiell Aatadl gl 4 O ?
Rl qato uglapiial « 2l dHIRL Haod AR 56 ugla Al W © ?
He ?
wYl5eA L B 72U DAL drf Hete Sl LA B 7
wlE-Gallg | wet-Gadleiel Gidlseiml HeauGelol oyfisil 2l 5.
arufa-aat-ui 2t [y degsizil 2sui 2l 5.
F[as @RUcHsdl-endlSIE BRI 21ed g ? il
ASRAYSA QUL A00A 52aL 2 adulandl sdl ool ALl Gad © 24w
we ?
YEUAtA gIRL ARMMAAL Bllestnil 3o S1aell suL Q) ?
Al 5181 3, WAL (in vitro) AL MuF W2 [AlaY vesi- si
Gualell & ?
Ws-Geulled adrulaii-l 1S wel wi A5 Adl 5 ¥l [@As cudHl dddl 8 d-l
UM AL




useL 10

HIA-$CAURIHE YDAl
(Microbes in Human Welfare)

10.1 &ro12g Geuletlil

Y&l
10.2 ieilis Geus-4i
&1l : N N N
¥ _ geeedll (macroscopic) drulail A uiellail Gurid, YDl
10.3 4%t q4u8uHI N o N N .
e‘;ﬁ@% yedl wadl [As dotl v desl §. HiRel XIHL did Al
. . Rlfaadl (@ 2Hew $3AL O, o a¥-d 4e 2d & 3, awal] 3¢
10.4 oulod=it Gug-14l ' . R X
yei@dl YU Yeqwal 2 wHEl & 7 dMidl sulL Wiol yeedl ® 7
10.5 $As Fa18) d213 Youdl Adedl 8 - o3l san, well, 2ius ad dHy ey
YAl wellell 2 arufdaiiig UL dl Mo 9. dil vl 2e-ia waL
10.6 %[5 vidRl a3 Adl MO B § Ul vy FAMIUL Al Hadl . FHE, O™
YDA wRlldL A2 (geysers)Hl B3 i diudit 100° C sl ugL ay €l

6 cul, Bl B3, 235 Hl2r sl 61Rs ([84) R 860 24 et
RARS aldlaeiil. yerwdl [Alan usi-dl ¢la 8 - umq,
olseRul, 501 2 yaeall adauldor=y ada, [@RGS 2w Wl
(prions) 4l 5 % MAxu AlsREL 8. Feals Ywdl gl
10.1 24 10240 e2liout 9,

Yol Fal 3 6sRul xA aell gou Wneysd WU
-l aRiedl (colonies)rit (FrlRL 2 GO 20 & (2ugle 10.3),
e AL 20 S AstY . 2L At (cutures) HIH YeEdl-l
wRUA HL2 Gualall 8.



Aglad €susi2
A

(©)
gl 10.1 : 6is2RAL : (a) E45IR, (At 250d 10.2 : W : (a) G52 RAUZP; (b) M-t
1500X; (b) 2Dowstz, Rasi- AU 52l Al AUGRY; (c) ESISR
1500X; (c) suHIRL €151 A6L5 MRS s WS (TMV), [Badia
6152 Rl [A9t-50,000X 418431 1,00,000—1,50,000X

(b)

250 10.3 : (2) WARHL 632 windl Sis2Ruiel atisd
(b) WARuHL BH Wl gou-ll alsd



Hrd-SEARIANL Yl

b1 Y

USRWL BHL AR %Y 5, Y&udl ML dRLL DL HRAL HIE FAGER B, dil
welzll A qrrufaiH vaL 0 B B, 2l e A Adl Al 3, 2uud Adq Wil dq
A 5 ot yawdl sllFsis 8; Sedls yaiodl Had [@fn Ad Guadlel ©.
HIAA-5CURL HIZ AEHDAIAL S2ALs HETAYRL SLOUL HIZ 2L USWRAME AL s 2udl B,

10.1 ©012y Geulgllul Y&umal (Microbes in Household

Products)
dH 2 ol 2l 49 3, 2udl Yl § dusil {lusidl Guaiol 319 533 . dsd
ALY Gelgel gauiell edld Geule 8. Y Fal 5 AsleRaA diy 2w, B Ul
al52s vilas tis2RuL (Lactic acid bacteria-LAB) s€lat 651, dil g4 9% Wil & 2R
A=l edlil uRaldd 53 9. 9l& g™, LAB 243l (acids) A% £ % g4 %14 (coagulate) &
v g9l 8¢ WA, 2R wan 52 8, el dldl 3o § ¥ (A ged (inculum) & 2U005
(starter)-il 3UMl cllol £4ML GHRAUMHL 21d 8, % Al LAB HR1d 8. % 250 iy ORI
us, g4l el uRaldd 53 8. % [@21¥e B el 3ot arudl uiniiold] opiamini atiRl 53 6.
VUYL %EAML UBL, A&l G121 Al AN 2s1adiMl LAB s cieteldl oyfist eogd 6.
AR e 3¢l oietiqal Hie auig vil3 (dough) gL sis23uL g2l 2uaagi-l Bl o .
2L {2141 CO, Beur~t Al 51281 d 8¢, (puffed-up) e ©. Y a4 56l asl 5 540 A5
Y8 CO,tl (Rl s1d2a €9 79 ail el 69l 3 2uaasiedl B 12 oiseRal suie] 2ud &9 7 94
oirilddl M2 QURAdL BlAHL uRL s Y2 (Saccharomyces cerevisiae)-ll GUAIRL s3] 24121
dladiHi 214 8. bedis ueuelowd dlall v vials wel Yaimdl gl ddl uuagiel Hady 9.
el8RL stRaul ueuelard ‘A8l (Toddy) Wley weL wideL 2L 2uaae dldl eldland 8, 1o,
AlUe{l, aidn ust 24 A 2iaae-dEasiel v 530, duid viauHl s 9. 24l 2ul
wiayeld 8, dHl uel yeumdidl Gualal ddl edl. Aol g€l-yel 2d (variety) d-il Uld
(texture), YoIH (flavour) i 2alet 5139 R{ldl 8. % Al auudl [ARre Yeiwdiq i din
8. el ddly ‘Rax Ao’ (Swiss cheese)Hl Al Holdi Hiel stall, dxi {2l WHBRHL A% dL
COz:t 5120 €l 8. % MRAEese Ry aHi-l (Propionibacterium sharmanii) Q52317
51280 uAY B, Asdlsié 1y’ (Roquefort cheese)l Usadl HI2 detl U L5 §0L, At
SAUML U 8, d Al AUE 5 YA U 8.

10.2 2a[3s GewreAlul Y&uwdl (Microbes in Industrial
Products)

el gl Hrddn Gualoll 2ial well Gaesll elBisal AraANd saml »ud 9.
lall 241 Wl (s sl (antibiotics) dtl 2¢is Gelewll 9. 2eNBLsaAA Geuest W2, Gurlall
i@l Hizl el (vessels)Hi GRRAMI 21d © ¥ 2UAARASIREL (fermentors) 5& ©
(2usla 10.4).

~




vu5la 105 : vuuqg wie
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10.2.1 2U84RY 5 Jlell (Fermented Beverages)

wl-siangl cdn, oluz, @, suedl 3 ™ Fal ol kel 1eedl
BullRd Ml 2ud 8. 2L % & H2 auudl dlke ABAWARA
ARMRR 68 eieiaal W2 Gualall €. d-il Heedl Hiwy 2 0l-AL i
Sa-dla Gaulet a8, % dax Y2 (Brewer’s yeast) ddly iavuy
8. Y i dg 2d ¢ 35, 56 AUUARS ulFA 51280 dleeHidl
gaele] Geulet Uy € 7 SUAARL HI2 QUAAL S1AL Al USIR e
uBatal usiz (MRlRd 3 AR 2002 [y usiAl
iesleilds dlal Andd 8. ad 2 olud Gaued Mg QR
Aoy 9, 412 (A5, oliwdl v 24 2098 WA il Mg gL
Aonauy 89, sl 10,541 198 Wive (fermentation plant)-il $l21u1%
§1LUE 69,

10.2.2 ulaxlas el (Antibiotics)

el gl URF[As geile Gewen 204 ALl Acid Herayel A
WA HIAL-AHIA AL SEURL HIZ 35 Vol HIZl Gualth sl »ud 9.
‘WA (anti) Als Wt B, Fell A (A8’ A ‘oudl’ (bio)il 22
‘@ar’ 8, birrl UMY gIRL biridl At ‘@Ar[Ag’ (against life) ALy
(2dl gL Udl Aol Aeeil). 1R Hepiil Aediul d¥il wanlays
Al uiq ‘ud @a-t’ (pro life) Weani »ud 8. ulay@s gl As
NSl RURL B, FHL Ml 2els Yauodl gl sl 20d 8. ¥
e YAl (AL AR U)W AL B Al A3l glaA e ud O,

¥ AL Gualoil Aaldl vlonal2s WHRRel WR R L.
9 diL oneil 9L AmAn dwdd AlRendRs WRRRA © we d-l
28 A U gl ? AdsneR sABIOL (Alexander Fleming) 412
RIS (Staphylococei) Gs2RUl U 514 53 R\l sdl; AR
AHdl Ay 3 Hiul @Rl As Aalfd W@e ur Hies Gt A edl, ol
Rsdlsiss gla Wl asa A, dxdl i & Hies gkl Gt Al
RAUAA 51200 g 4y, el dd URRRA ud 20w, s 5 d
WRRRAH i2eM (Panicillium notatum) Hies (g91)Hisl 424, s A=l
el avd udl 42 A (Ernest Chain) x4 ¢1af i3 (Howard
Florey)l d= 215 dlst &Hdl quad)l Guaidll A[ReudlRs a3 uanld
53, 2 2lRondllRs Al Gualol ofla [AuygHl wad wARs Alsi-l
AIRCAIR HIS AIUS JUHL SaUHL 2Ll SARRL, At A AR 211 A WA
W2, 194541 lotd ysiRell AR sl 2.



Hrd-SEARIANL Yl

UWRRIRA uesl, 2y dfRopdifReun wal 2=y yarodididl HadaiHi el
U ad 3edls wed AlRoudlRsul A dHY dui- Ald [Q4d wyoudl usl ol ?
o, siofl widl (Geiley, - whooping cough), RWRuL (gal ghotu) dal 2sdlUd
(5% 3L - leprosy) Fdl Glal-s 220, FL 51281 [l Avll dlsl Haul 8, diiqil GuaAR
w2 vilzoudilzs g1t 2t AdNAL ARARHL HLl JHUIRL ddL O, % 28l
vilRondiRs [ (A sedl asal 4.

10.2.3 AR, BRAAS w21y Fa Al3U 220 (Chemicals, Enzymes

and other Bioactive Molecules)

bedls [QQre sl R0ALlL Fal & s6lHs RS, 2Uesdld AHy GRS a9l
uaatls dal elBs Gaue sl Yetodidl Hel wi Gualol an 8. wRkRs
Geuleslirl Gels8L : URDAU USH (Aspergillus niger) M1l WS[EE RS,
wfleieisex wA2l (Acetobacter aceti) siseRaumidl »ARs 2ilus, sallRzRun
RS (Clostridium butyricum) A52R4L gL 42Rs RS Axy dslelhan
(Lactobacillus) A52R41 gL AlFes 2R Aacy 8.

SAlanl eau@s Gaued M2 ke (Saccharomyces cerevisiae)-ll Budlol
A 8. YDl gl BAASI uBL Gaulert sl 20d 8. bl Gualol Regrel
oprilail dxy dlaflil del $1| g2 sl WA B, di Ay ¢ ¥, B sledl wdd
SOlAL 2 52l R olleddidL Us 53¢ sUlll U Y A1S (clear) €14 © 51 5,
ollectl Us 53 2oyl Ul5ea (pactinase) 1 Ml (protease) A3 s sAUML
19 8. RWRASISAY GRAAS RRUSISAU (streprococcus) SiseRuMid]l Aadaidi »1d 9,
% gefl SAlAen gl 3uidRd s2a 9, e€l-l YBRAURAAHL A9a BR (clot)
dlsal M2 ‘clot bluster’ dl% d«ll GualolL iy 6. % Adl eelail W2 Gualell © Fun
eu{l alld-ll2dl 24 (myocardial infraction) 4l 51281 LéBis Ual-{l AMiarl 4.

2081541 WY, (Trichoderma polysporum) $3L glRL A0dld, AUSARURA
A e€llidl 2100 UM U515l H2LR ©2% (immuno suppressive agent)
dld qurid 8. AL sldRAA] MRl HaLsal R[R-A aud 8, ¥ AlaRus HRal
Geutgst Hirlsu W RUA (Monascus purpureus) d2uidl sl 2ud 8.
SldRAAAL ASANRL HIZ FeUolel GRAAAS WHl-Fauesl ¥4 513 53 9.

10.3 @3;{05 E&ﬁ*&ﬂi %g\a"l-l@d\l (Microbes in Sewage Treatment)

UL Rl 910 & AR 2 IR WalR Hiel uHRmi dlel wiell (waste water)-d
AL AU B Fell Wou 825 HiAdHOL B, 1R+l 2L dlel Wl a4 HAL (sewage) 5
8. dHl e€loll MU 516URLS uelel A AL AdL HOL 8. dHi-lL J2dls ALy €1y
9. dH e U 3 y2ndl iedl {el won vaar 28 sie wel-dl Fsia 3dl da
S22 8 7 de gy wongal Fal 3, A€l 2 2L 1Y (d % A3U) LUl
wuag el - 33 7 3 il 44w WSl L. 2 wellA R sl udal 3o dedt-e ey

~
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@aqsti-

(STPs)Hiall U2 s2cUMi 214 8. Fl o 219 Ugidt ot
dlel wiell-l Guatz uUN]L Y&uwdl gl 5AUML Hd 8
% 2 YRl gerdl dAd audl €l 8. 2 uBu 6
dolS5IIML SUHL U B,

WAls ARAR (Primary treatment) : 241 MU doLs51M1
UYL A+l HaALE (sedimentation) gL YABHL WAl
allets $BL-gedl (Hiell A M2l 521l dotssiar Fsia
sUY 8. uddl, AR MRl 53 dcl $U3 £ SY .
1R ol HIEl e wALel 5153241 (grit)d A1 gL £
Lo 5L 20A 8, 2L dld U el sBid S Wy e

s
T e

15[ 10.6 : Rlla wiRe primary sludge (169 24 20131) 22 9, IR BU 35l

well $5ei-2 (effluent) seald 8. H5qpizen Walis
A2l 2isidl Bllus ulBa wie dadi 2ud .

Blugs a2 a1 #[As ARAR (Secondary treatment or Biological treatment) :
walls Sseu-ed Hd Ay wRs 2lsl (aeration tank)didl WAR s A 8
(U5l 10.6). 24l At 4iBis T Add AEULAA S2UHL 20 D A AUl eoURYAS Sl UAR
A 21 B9, ¥l Guadll s ypwdi-l glgul el awil 4 A sdsA(flocs)
(el oLl dgill AtdnL ARl oiddl MaHs L)L 3a 8, 2wl 9la el
Al H5euui-eidl Hlel cudtel 1S el 2L Y@l AL v O, WRBUA @il
BOD (biochemical oxygen demand)Hi ~tiHuloL g21él 21 9. BOD 2@ i (&2 welui
el ot % s161s gl URBAA s 12 GA52RUL gl QUL HUFR AL 22l Yo
well Al yHl ded-e el 214 6§ wul 34l BODHL 821dl + a1, BOD silél ved
wslrl AL, Ydl gkl quAdd 0,7 Hurt i ddll uRle Id BOD» wisllui 8¢
s101[Rs el Hun 8. st wellil BOD Fedl atik dedl d well-l ugns wou aui.

U UBAHL 2U8 Auid 32 HoiHl BOD 8l oy vi2d, $seypiven A2(d01 2lsiil ui
s 2Ud 9, Ul SAISAY aALE AL O, g xAALRd sy [Burella @y
(activated sludge) 584 €. 2AL AARU[Bdl el 2LdLs 22l YU 53 RS 2lsiil 4 sl
& i d (A 44 (inoculum)+{l 212% AR 8. 6LLSl+AL {12l adLrL e Hi2l AARNABLS 2%
314223 - (anaerobic sludge digesters - 5162 3 291814 212135 12l UALAAIR % 21514l
A UMl 209 B, ] AL AN G152 F AL A, GLEZRUL AR 0L WA 53D, 2L
Wizt 04l A, SLSor AS1ES 2R s160w QiU BB iy w2t B, ¥ suAwdi
(biogas) A% € 24 dril Gualol Gladl Ald dl3 530 AU B, 5120 3 A wadsslla 8.

[Bcllas Rzl Wi S5eyiven A11-At: AABLS ol Feli S A€] 24 3RAME Hs
5L 2UA B, AL 215 wlwedl vasielly 4203 (aerial view) 25l 10,731 204 8.



UL d-5CAIRHL Yl

d¥l A4 sl 9L &, 56 L Yarodl ulalR- [Qaml
el dla dfel well-l ARyl Herayel MRS ey 9,
(AL @o10L9L 6141 % GLOLHL 15 ALL Sl WL Ay Ayl
2L stansuel-l Gualol U el 8. 2wl Y, H-a
(s dasfisl yeumdl g adl Y-l uba-d a2
Aefl asl .

AR 1L £91 3, Al il A58 51381 ude-{l una
6L A AL YA B 4 6L . U, vileell HleL el

AR Y Aeiiee wieerdl dva Aol auus +ell, Fell AR 1071 Y3 (Ut v e asells

, , . wadis
AUARA YAosel 1Y % AL sretdl] sl 20d 8. %A

5180 UeNEL i iellor=y, AN, UHIRL Ay 8,

et 2wl Hoted vt Batl Hud A€luiia ugriell eliadl e oo AsuH
Wl (GangaAction Plan) i Yy-u VLS Wl (Yamuna Action Plan) 23 S, 1L
1oyl E501, ML AvALHL Y2 Zledi2 wedi2 sirilaal-ll Wacld 6. el ot GuARel 53¢
YA % ALl Y5 531 WSt AR A5l [RaRML 20dd Yl Jledie wivesdl
HALSLd AHIRL ML RUME 2L ARLS il e,

10.4 sualdA-L Gaugul ?;i\&q-l@)ci\l (Microbes in Production of
Biogas)
6UHIRL S Ayl Bl (Meudl ay Bia) 8. % yeuwdi-l wEael daay 6 x4
aetl GualoL sondRL a5 X 6, d¥ ereulL 5 Yeumdl-] 9lg 2 2uAA- uReuA 2
fluz ddd [Alas UsRL Uy HOL B, M el Ayl USIRAL HUHIR Y&l 2
el G121 AURLdL SRS gl U 8l B, GeleR a3, w1 (dough)- 2uaa, 4l
otritctell{l Zan 2t Rl Geiert AHA 3ua A1y CO, Bl A 8. HUH 9t A4 el
g5 UR B WMl J2ells RS oisRul A2l iRl (e iy A CO, e Hy 1%
8. 2l 652RUA AYsaudl MANY -1 (methanogens) 5 O 2 dxil 25
Ba-leiseRuM (Methanobacterium) €. 1 Us1R+1 6is2[Ru1] €13 Yo Jlediwerit
VMRS EABHL ALl HOL . AL UsIR-AL 6152[R4UL 21l 20HAY (rumen - 5L RS
GALOL)HL el HOL S, GLRUL WIRLSHL S0 HIALHL A AR5 624 drll AUAAHL
Rl Sl 8, AHAAHL AL 6152301 2L Aqelos dl3 € A3 UL WML Hewaysl
Qolelt AU 8. Y ¥ [l asl 9l 3, 4 drul As1RM 86 Aeyatlosg WAt 50 U3
€9 7 203, Ul 9181 (Ho-dung) FLOUGIR 58 B, d A os2RuLL G2 Wivil M1
€9, 4L £918L (SUOR ) UUIBRAAL BAlletMl AUAL B HI2 A=t SUGIR 1Y 5& .

sUAloLY wlezHl Siglexl vidl (10-15 g2 Gl4L) eeilde €lu 8, i ¥las su3) 2




gt el

25 10.8 : 15 cAlalis cuAldi w2

2d[qsitd

—2 o s -
) Qi 918l s1ed (slurry) SRUML 214 8. dxdl
BUR dq, lz9lett (floating cover)
AL 1A B, CL5RUL gIRLAA A U
SiRL gl 51280 21 BUASLEA BUR AR5 GlusU .
2% etrerl Al Ay ser a4 dl wdy

dllsaAd] €1U 8. ¥ A2l UL UEISRL YR
sl Wl wdy il 23]l slu 8. afal
stearll w1y, ol gl oleR [Rsie sl
1A £9, %Al WLdR dlS GuaioL e €9, A1
[QRcti Ml WL €918 YosUL ML MM A
Sl B 51201 5 Al uyii-l [alay dque
GualoL LA 8, HI2 % GUAISIL wetlwe L
[CRARAL A, Bl HOLED. UL BuailoL
fAL 27 WsAGleA Aol W2 Ad B,
UL Wty 1ot (el 10.840 21l
8. sl Sl3u ARseara Rud
$[=22ye (IARI) dal el »in, A GeldL s[Man (Khadi and Village Industries Commission
“KVIC)~il M1l ot 25-0eli2 [Qsaaaii 4]l 8, % dHidl won UMt 3 d-l Aws
1A €14, dl A5l eUloR Wl MRl AL Hi2 uMe WL, euloi WLl qasid
@l 27 defl RS WA aldld 530 Al A9 ay sl Hadl asy 8.

Yy -2i5

10.5 %[as (R8sl a3 in@@l (Microbes as Biocontrol Agents)

gq [Fiasl 2Hed las uglarill Gudlol gial a-Ruld AL A4 Gusdl % (pest) [FawaL.
2[R Y214, Sle-tasl (insecticides) 2im FirlLalsl (pesticides) il AHdl GUHIRLGIRL i, [RERL
S 6L 6. 2L 04R0 UL D 2 g Ay Wil W2 v % silFisdl 9. GuRid dail
2L iaReL (e, oyfHy %), $6ll, ALSMUD A WS ueid 530 260 8. el e 2
quztdl -{lerias (weedicides) glt 24l & ugL ugfia 24 il 9.

Gugdl %‘g v i\aﬁj Flas-Ruaa (Biological control of pests and diseases) : §[‘l$t9l
Wre S2lal 20 ugla Rnaii-n Guaiondl A uslis clast R ay Mol 8. seilts vidl
53R (organic farmer) 24U Fa-{AlAtdl % 2euea-] Al 9. eeu ol uR Fedl [alakdl
a4, ded ay dsi 2eaflugy. Flas vidl sadL vigdl 25 g dot [Asuaani sidd §lu ® Fu
slest (3 sedls AR Gugdl @aldl seami 214 8) did [RARR A 3L drl 28 AaRaUA
2 s @dd 27 dUfAlle Featida4L drl 82LsL (check) A ddadt 12 %R dated, ey
S 2. A, “UIWRWLA’ (conventional) Wl {l A0 BLs gl 21388 dimerd] 21
SUFS15 ol Fa WA HZL Al 2Ud 8, A (Fa ML) 215 wseraidl efese 8. %



HUrld-SEURHL Yl

IRl 2 drula el Aol 20004 AL 53l ADdl-] WRMRS UEFUAAL Aouxl
AHogell (51 1L B, HBIFLS s+ 492 HI2 sl 21 efesian [RsRic wu ® % el 3 %+
U8 el (Uz2) WL sl el def [Faurel Hiat A5 el udd ALRe9{ld weL 8, dsit
R ALMEld] URME] 24 U Sl2s weid €] US A8, 3 % Dl YR Uldivl WNRL 5 BRLS
W2 d o1 i 8, 2l Fa-Faoe g2, [l el 24 Fgriast usdl 2uusll Foeidl
Heed 8dl Ny 8. ¥a-5M (biological farming)«l Heéarl Udle AL 2UU8L Bt 2dd a3Ul
% VUl qudl’ sl ezl d o Ad F-@aldl A ddeil DanAsl, sl Asst
5301+l Tdclld A1 auale-l A3UL % dzil e 53 0 dx-ell WRRid 2S¢ ot % wuRi-
Fa-MaARIAL Alod ALl [ SUML Hee 53 O,

viot % el Adlord (Ladybird) 219 3oi-seid (Dragonflies) il 412 U dld A 00
2oLl [Ha €l 8 dal ejauslest (beetles)l Gualol 51 AB A (aphids) 2t H24930
(mosquitoes)&ll 925131 AacMl vor Alaeld] 89, euwdl Fa-RuaiRiL Gelsela3u dRiau
WR (B[ (Bacillus thuringiensis - ¥ Bt 3 21oeud 8). 6is2[Ru1-l Gulor ud Bl
§401 (caterpillar)l [Faot2l 112 SU3HL 20d 6. ddl s olln.) (dried spores) 2434 Ws2
(sachet)Hi Guast 8, %= WelHl cludla, a3 Adenglla auldal Fdl & A (Bras-
sica) ¥ SUUG gall YR dxll 92519 S3UML HUd €9, %L Slesil Rt (larvae) glRL d vy 8.
(R3atetl 2UrtHITHL 2L (AN 35t 2d B 2 R3oila 21 Alvl ©, ez Aol Sedlar (Sum)q
HIZL ALV 69, Uiy, i Sl2sie 16 s usiASell el doterL edeel eu sl (i Sl Qe
(sl dsulsian dRia ARFARRIAL [EusRs o-l-n arulinl etvd 54 8. wud
AUl Sle-diarl 2542l AR WLsRsl eAld . Bt-5WA 2Ud 215 GELSA B ¥ UL
ealril S2als AL GHAUHL 209 8. el [A2 a W2s AR W88 123 Haaall.

Fa-[FU1eL S801 U8 (Trichoderma) $91-. UL AR Uis+ll ARARML 1M
204 B, 21451541 Hsd @l $0L 8. ¥ WHLAd: Yourtl [ReRirdaAl Adl 46 9. o BRw anuld
A2LH5L HIS 21U Fa-[Rots .

szl (Baculoviruses) $125t 2t 214 ABWEl AL 0L AF B, Hi2l MldL-l
CECICIREE a-HUASL B, dxell AL f@;LaBC-thfl Wdleas4 (Nucleo polyhedrovirus)
Ul S50 A B, 2 (gl sala-[ady, ay aviudlu sl2sly ualey-t (narrow spectrum
insectidal application) 12 8% A4l HAAHL U 8. 2Ad, Fidl 4R 5 Al d-fd, Arer,
walladl, Hieodlail 3 dguele £l2si R SIS SRS AR YAl Al d [N R $29-{lu
8, w12 cloteldl slesi rawet iy, Fell (23124 Uz UM (integrated pest management -
IPM)HL d-ll GualaL 531 gl Fad-dsla [@Edil GuaiR .

10.6 #[as vud a3 %g\&q-l@)cil (Microbes as Biofertilisers)

i @ale]l RSB dl walaela ugusL 2 Ridid ou 5122 8. sE-Geutedil atdl 1o
weiafl anel W12 AAURLS Bl AUl GUlol, L UERL UF L W2 oLt 51201 8. uig,
89 AN NS O B F AR VUL afusal Gualowell well AHRHL AAS A3 B,

~
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e

@aqsti-

it uReud s16l[As Ml (organic farming) 5241 244 ¥{A% L4 (biofertilisers)+il GuxloL
atRalL ol At 6L 8. F[AS LRl Sl Al & % A WSl Uy g oA 8. Fa-bildlAL
Wy At 6152R4UL, §9L A AUl G52[RUL B, dR A 541 D 5, Bl gl aulii-u
Yo 4R Agdl ASHUBUN (Rhizobium) siseRauL gl 2iRs1d Falel wy 8. ds2Ra
clcltaRRIMiAL Nyof 22Ut 530 51615 gl oirild 8 F ariule 312 Wins 42s ddly Gualo
At 8. =y 152U % L sl [PARMARAN (Azospirillum) A AAI6L52R
(Azotobacter)] a5 adl O, dail U8l dldlaRBIMIAL Ny 2eurt 530, ol A zia-el
AYg 52 8.

3L uRl aufd Al Aswad 3l 112 Anelldl & (HSSRAOBL). 2eiHa
(Glomus) weala-{l uell a1 MSSRAGH (54540 | mycorrhiza) 3 . FHi §91 g
L% oyl S12e] AN 52 B il AUl YL U B, 2i1d ser Hudd auldi
VU UG WEL LB, FH 5, HOUL AIHRAL AIL5I5L AN U515l IR A Loscll WA 251
8ate{l audl, auy asufadl aaboll glg 2 s DAl 8. 4 ai yeud] sl i 3, g
2191 Ase-1o] g $14El HA €& 7

Al-I6L52[34L (Cyanobacteria) 2Nl ygimdl 8, % welly due ey didla ML
(A2 30 %L AL 69, FHiriL Hi2L CLRLrL AllaRBIHIAL ALS21% A AU 53 6 - £, 2A-A16{l-L
(Anabaena), \R\s (Nostoc), AUUARUL (Oscillatoria) 4313, SIR1R-AL WMdHL WA+l
ois2RuL F[As v d3 Guaidll 8. dlasRd dla (Blue green algae) U2l MBMi s16iHs
gedledl GARL 53 B 2 o3l sngualil atIRlL 53 B, slan, 2euel Bami HLdl Avaiui Fa-
BLARL 61 AR HIREL MW, 3 gl il FaMd3l Gualol 530 260 8, el virle
dreellofl UL 245 A3 A AAARLS ) U+l Felcl 218 a1,

AR

Y&dl Yedl U Dariel AL Hes 8, 6l YaHal A=Y, eldl el
gLl Yl U W2 dieteld] 6. 2Bl eRAY YDAl A sl
euldl Gudlol s32 ¢l LAB (Alses R8s eis2lRun)-l Gualal
ghuiel el oieladl W2 AL 8. 618 eiridal M2l 5215 (dough)Ml 21aaRl
ABAHURRA AAARA e gL dlaaml 2ud 8, Ssedl 21 gl W
w11 weL y#idl gL il ddl Anaari »ud 8. Alov Uld (texture)
e el You4 (flavour) M 61sRUL 2 gL Gualell . Gellolmi [Afan
B a3 Gualell dlses AR, ARIRS AR A vuiesidla HalBis
Beulert Y&l glRl Ml 2ud 8, WRRIRA AlRoudllRs 3 ¥ Guaiall
yeadil Hoaddl id 9 d-dl GUAldL AU elFsIRs Y-l
U HIZ Wy O, vilRoudlRsu, ven AL 2041 R~ W2 A 9. Fal 3,
RuaRa, stoll will (Gleiley) 2 =pHilFaL. uelaiiel Y-l Gualal
Yl ARAR W2 UGB ey-il Fulel gRL sl 21d 8 2 Fell



HUrld-SEURHL Yl

L s N o

10.

11.

geRcHl WBll Yri: A51U5R8L s2cUHL Hee3uw A 8. armld AR
Aaed gl BA-AE-1 A (Uddi) u% 8. A (AR
Yl glRL A%l oudldR s Glodtid dly Gualdll 8. Yauwdl
SlFsRs Urerll el 53 8. Bl Fa-Fasl ¢ 8. Fa-fFasl asl
Uertl (ot W2 quRtdl WRRALSA-U 4y Gudlad 219 8. dell vidl
20lalfldl %32 8 FHL AUURS WAL 22U F viLdAL Gulal
U GUR HslY. yau@dl-l [Alan Gualotell e u oy € , uep g+l
Gudlal 3L WL B ddl HIHAAHIY L SCUHL S s Y-l
SIEETEPEIE IR

ALY
ois2Rul A3 2UivL A Astl e, Ui ARl Al W2 YaHeds 4ot (Microscope)-il
dee Adl W3 8. A dd dauRl 43l dHl @dlastiq-l uddlnonHi yaeds Qo
weedl Yewdidl el sauladl W2 A5 Ayl @S Ml 91, dl dil sl Axdl dsil
A A He ?
A, ePULA Y@l AL s 52 80, A Rig sl Gelgell 2l
diL suL viRLsHL Alses 2R 6is2RuL (LAB) 8 ast 91 ? dxli-i edis Gulafl
ulo-lL Ul
96, Al A 2eudidl oridd 3eefls uIuold Ul viauelEl (adl dii-l
LU )AL AH 2L 2, AU 531 YBidlel GualoL iy © 7
A5ALS1RS GlseRULAL 5181 Adl AdlAL Rl sul Gudlell yarodi-l 3wy
s ly & 7
goi-{l 516 ueL 6L ofantl Awm 2l 3 % 2AlRendlRsu-AL Faierl Guaiel & ?
Yoo 2i2d g ? wiusl W2 Yo sl Ad sUlRsRs © 7
wufMs v [Bdlu few-e a2 Aidl3y ele sdL © ?
g il [l st ol 3, Yeuwdl Gl Ald © 7 %l L i dl 3l 2 ?
Ydldl Guaiotell AAABLS VAL 2L Fgasivl Gualal qaldl astd 8. i 3l
Ad 4 A% & AxAdl.
BOD 12l taalld well, 32t fled-e wirenidl el {lsadl well, el well,
ARAR L wid yuiad wel (Rdly drsequee)-l sA1dl sud 8. Ay
AHMERL A, B 211 C 54 8. uig nalotanounl s ealsaat iy 53 -,
A2 YA A, B 2l Crll BOD H@dl-l it s3R 8. 20 mg/L, 8 mg/L At 40
mg/L 9. well-dl 4l -l 0l ay uelid 8 7 9 Agld well 244 A3-udi-l 0ia
QY 299 © dd dd ¢l asal ?

(\
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12;

13.

14.

15.

@aqsti-

AsARUAA A (MlRaHs edl) xnd @R (JBR sidRAa-d wua
H2LsHIR 51251) suidl Hoad 8 7 d yeudidl Uy ML

Yol {13 2ld gedl W2 @fist Wl 2 Al dwiRl Qe 0 22l
530

(a) 2ssM% = Ul (SCP)

(b) o

WAauly W2 ddl 2 AR Gldrdl 33Ul dllsel. (Al Horcuq
ued Ad.) dMIRL Faloirtl 51280 Ald 2l

AR, ALS(EE RS, WHRIRA 24 el

opflete{l sagutdl Flas vidRl 3ol Ad auRl 53 8 7
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BUALS SNALD (Biotechnology)

w11
opl2sidl® : Rigidl
i BULIL

Us20 2 12

oISl 2 Al
UYLl

17+l LAl 374 drastidl, dARdWRA dar Falasu-l 34 IusEd (Rene
Descartes)l [Bailall % a4 irtdstiq 2 i s34 ugla [@suq ddl Rauxi
210 af & FHl WElRLs (technology) s adl ¥+l wRRUH @3U Hira-
ast-l QrisRlul glg A A Ul @aste U ul WA 2y, 2 wslds
Hertlrd AH%AL M2l dHH AABEHL Hirad-dl ol oL 8. clilisfasi A
RUUBLEAA ST, 2501 21 PUEURLS AN %A=H IR § % 6lH12, Hird-
Yoy dal drl sQURL H2 14 53 B, @aldsiiv-l You Gualol viLsL Ald
a3 uf 2wl 8. udizs-lidio, 203 Al 2u4ls alasuq-l nav 8, F8
2RI AGRY AL DAl URAd- aldl €18 8 518 3 del Geutedla 2ULouHl
dal BlRLs-Guel RIS yaRal didl €1l 8. L isuul sndiesidia-l
UBAAL dal Sedis UALlA AHxalL MLl HaMd Rigidl UsiBld sauMl 2iieul
8 dul d-l Guz RAR-EHA sl 2194 8.




80612 OUR

Herbert Boyer
(1936)

€018 oliu(Herbert Boyer)-l %~H 193640 2ul edl dal d«l GO ulul
UARAARAIAL 215 UMl 2dl gl 24l Hlel oLl Yal-isl euouHl 3¢, Rl dal
Y390 el 196340 [Uetowil Rafdananil dxia dudl ids Ao wel sl
dal dnl A Al A2 SeReilds QAL A2 9l AR sl

al 196640 6lidd Al $IRAHL 2uda SRsIFa RuReaaaul asius
neusL siden elsial. 1969 3l A2l [AlRre dimels deiysd €. sl
siseRulL uRuol RR25UA BRASL R 2y yel s olluR adisd s34 3, 2
BRAASIHL DNA vield 25 [Afre et stuai-l addl ¢ld 6 2 % ool AN 2l
& dd vl wadl lug 88 s &, 2L 2o B3 AissA wEuHL DNAU
2581241 A8 A A 9.

AL 2L uRBUH 2a30 gl Rad 24518 daulFis R+¢ll 518+ (Stanley Cohen)
A olgHed dul clotelds QAR 4 Asdl. Sid DNA-L Alsti-Ail adul ¥
WS 58 6 drl U S Sl el 2L ARMS J2als [RAN oiseRud SNiL S1MUMHL
Ysd @3 ddl ¥l $11 B Ul DNA-L i3l gvie (Sind-a DNA)YL adat
WU 52 9. Slde sl 2 R ol stedlrdl dal d s3ell v siiu
elvied L+l ugla [Asuiedl dl. 20 uBai DNA-U [@Qeua- sl U3l 018 Alsadl
ollaR (Boyer) 17l 5181 (Cohen) DNA-UL vidir $[89d 3uviisui s30el ollsdl yni:
AU 53 2 Gs2RUA SINHL DNA elvd 520l W2 A& oirledl % w10 adl
QRre WA 12 Gaues AsH adly sl 53 U3, 2L sl suAiRSHIAID-L YaMd
IR B F Feil WAL BUR Fads[sl (Biotechnology) auvitel 2arusL s2aumi 2Atell gdl.
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GUALRSUALD : [Rgidl 217 uEuil
(Biotechnology : Principles and Processes)

11.1 sidiesldioi

Rigidl ¥ad4(él (biotechnology) ¥ uDdl udl d»lidl Wt Adl
11.2 we:54) ¥ DNA Bl Gualal 31w Wi Gudloll <{lual 2 Gudiofl wBuil
Bsilcliovnti Guseal Gewert s2aiefl dsfisl wd dsonda &, 2 vl edl, Qs wua
11.3 yt:4%¥d DNA -l ez 3 % Yerdl g1 AUt WEAAEl oA 8, d-d wal
sidio-] Bulaf spis~ieiol 2034 dl3 QAR 21 8. adiid aHUl ABid

UL o5 did Al 20d dl dHl A UBRRL 2 © FHL
Guisd ueldidl qud HoUHl Gaded W2 l-uRalld uwdl
(Genetically Modified Organisms-GMO)-lL GUdIoL 521 2419, €.
AL Fll Heis WEARAL [ dg(Rsil ade suiesldini seaHl
il 8. Beleel dd, 8 [A2L (in vitro) et glRL ‘22 Lol
Frley, ogefleie 2AsAu dal d-l Gudlol, DNA @il st aldsird
oge{letell YR 2L o4l udiRsdi-l % eudL B,

g?.\tﬁ-lil-t olldi2sldi® U (European Federation of
Biotechnology - EFB) g1l slii2sldioo-il earval suaimi »udl
FHL URUASLA 2A[M A 2Ly 2U(Fas ouieslldiorll AHdn
. EFB glL UMD e vl L oo O ¢

e Y

“eflussl 2 Al e wiglds al@sud 2 udl, SN, dHHl
oLl dall (348 HAq3udlg AAlE-)

11.1 sl snaio-l [(Aglidl (Principles of
Biotechnology)

el agéladl W, A e 6 assia s ondizs-idion
% AL



aa[dsti

() o1 SndAen (Genetic Engineering) : il 25-ldi® gl »udlls gell
(DNA 7, RNA )il 22042141 WRad A dA 42rHiq aeodil 1AL sudla aosHis
AWA-L GUEL AU USIRHL $251 WAL 214 .

(i) FauBu-Sulasn (Bioprocess Engineering) : 20142 $%731 MGl Hist
S8 Yeradl [ ysindedl sl FRAlct (qea AsHRL- Add) nnagll 530 9l
sudl ay Housl eudiesldilssa {luag gl & slRoudiRsu, R0, GRS adlid
Rl sl 209 8,

Alell 208l 8d gl SgdlQenl Rigldiql Aseudidls [Asud axpl.

AMad: dd 2AlRelua-l el [Rd{luorn-l siuel (A9 aneidl sal. ([ollue-s
AR AR el ATl AL dal Bretdl He dsl Yl wd 8. dxisu seaus
ADA dUl el W2 slueLsRs €S Wb O, wRd{IMyA 2udls Al uRAAd 53U
Uel €2 Ugl el v 8, w1 [0t gL [l GeMa 8. uRuReeld s8]l uglail
3 % asufail da ezl Aafaui Gualol 8 d- gkl 3eedls auid SR o-l-l -
A2 2Fe0ld oeleiedl AL L dRiL A M B, Gudsa &l g2 s W o+l
SoglQaudi ol Al 2149 %l _NIdQ (gene cloning and gene transfer)sil
Guallal 53] YA RiH¥d DNA (»-DNA recombinant DNA )i (RHl2L sa0341 204 €9, ¥+l
[A29e{ly, el ouusicl A w15 waal sl ay 69y we{l-tin medL didlA da
AL elud 530 wsly B,

9 ¥ el 91 5 % DNA-L 2541 [l Aediui il sl 219 6 def @law
9L 8 7312l oudl L DNA-L 2538l Aaril 6UASIHIHL At Widl-l audl Huadl <.
uid 2L o AL elledl 8 AN nU B AR o [Qeua Wl 4ot DNA 08
LBy oiefl o0y 6 51281 3, 21 [A2el DNA-L 2531 2a1401e4l s ool il o0y 8 5 o+{l
WA 2 rirteil @l 14 9. YL DNAAL 215 [Afe 51 2Uddl $ld & %= @il
Baulnt (origin of replication) 5& 8, ¥ €U =irixll WM W2 wUselR €1 8. 2l o
We 515 w2 wadl [Qzell DNAAL 2581l oL@ 12 d R 2iadl WRPIAL Mol €ldl
lds S1 O § % s [ARre guidl 4ud © ¥ @yl Gl dild 2avud 8. 21
Ad s (@22l DNA @it Geulrt a2 iy 9, el 240 [Qzll DNA-L 2581 4oi-
ADAUL YNGR A%t A3 dARLL WHL 43 . i SElHoL (cloning) URL 58 € 2l
SS 2ud2 DNA-L asuvll 25 sdid Foaier wa sél asiy 8.

gd s 5B REMBI2 DNA el Faledl nan aedidl sea 533 uay
Rs68it-2 DNA- e uadidar 2uByRun (Salmonella typhimurium)<l w44
w43 (native plasmid-acaisiz ollel 22R14 DNA 3 % 2edol e« Wil 23 9)Hi
ilr2ondlRs AR wellririt 25417 Al U Asy. @l SleA A €018 6llu 197241
Gusa s Bl2ouallRs Uats il wells8L gl Ut s34, F W2 And fBisuidl
DNA-L 253l st 3l 2A0ReudlRs ulAAMsdl Meld 5L W2 FUreR %F{ldl edl.
WUEY 512’ Al il RRZsAA B vzl DNAA QR wouiiell stud
sy ol Asy, 10l DNAUL 254l WlllRAs 018 sl »0d 8. 1 W@ DNA



oplesdl : Rigldl A WBAi

sl FH 51 52 0, F d-{l WA A DNA 2ldRd 53 8. Aetdd: diL 2Ll
691 % H92, Sleales dly adli AARAAL uRuwdld Al 2UdRd 53 8. oy,
w1l % Ad wlRFsAL ates ddld Gualol s34 (@2l DNA-L 258 4™ AdiHl
Wisadii 21 8. A(2oualRs o-lln ales AR Asald 514 DNA ddlos Galus
GlRL A . % DNA 29l sUAAL GIoL YR 5% 53 detl 931 wseld 514 53
8. udl {ld 25 Adl @ wlasld sruadiaon (Wdidl Ad @EsRd gdl) adusi:
DNA- in vitro iRl s 8, % Raloitve DNA dly 2oy 8. 24 it DNA
S. S (E. coli) oiseRal ¥ % Al (Salmonella) NA A%€lsAl Aol HAL
& Al LAl $AUHL U 8 AR d Al 4%HLAl DNA W42 Giusl Gualol
530 ulasfvdl otrtiaal @l 8. §. slardul A1[RondllRs xaRids o{la-dl 2iAs 4sdl
sitiaclll andin . slendul AlRoUAIRs w-{lar sl sy B,

dil it @oudl wst ol 3, el uRaldd awdi-n FulRml qaod e
220l 8 :

() SR w-{liysd DNA-] v,

(i) v WHAL DNAAL 4%HiHl Maal

(iii) udAdL DNA-] aorainmi aaasll dal d-{l Adlaxiil DNAT aaid

11.2 R5F51--2 DNA 25-0aiooni Gusel (Tools of Recombinant
DNA Technology)

g 28l udai-l 2l w2l el ysun el 3, el Sallaen vuar RefG--2
DNA 25-1el® R % yal 4 9% 8 & ol 2uuell Wil Héwdi Guswll Fal 3,
RR2sAA GAASL, UM BRAASL, AU, Alesl 2l UAHIA ADA, 1Y, AL, &4
il Feais [Qagdl At M ST,

11.2.1 RR25A1 BRAAS (Restriction Enzymes)

ad 196340 6l GRAASIA a2l s2aUHL 2iel 3, ¥ §. siedui osRuUlFn-l algq
AL M2 HAUGER 8. dUidl s DNAHL Bauda aqsd GA 8 aul ol
DNAA 510 8. ugdlell duisit olloan RRgsAA 2i--y5a00 sdaii 2uel,
uud REZsSUA iy (Fany Hind-II, %<, $14 DNA =y[5a2iia18nil
@Rre s U 2R ASL B, d W™ 9 ydl Hedl sAUL A ML L)
g dl 4Ry %, Hind-II $9.20 DNA L 215 2155 [Blg U 51U 343 6 wdl 9 66
Al 25 Al 54 €l O, 2L A1s5U ASBsH Hind-II1L 2005 H 13 onelldl ©.
Hind-ITRicu 0% 900 i RE2sAA GRS (A 2n8isiil 8 % diseRuu-{l 2302
a1 Al Aedl sAUML 2l 9, FHidl UAS AAN-AEIL BUAMSHIA AN .
VL GRASIAL AUHSWAHL UIUAAALR, el MUH a2 uelanidl 2R oflo
oL 2&RL 2RSSl Sl laniel Al 20 © 5, FHidl de AEdL $UML 21l
dl. Gelewl : Eco RI, SR S\WS (Escherichia coli) RY 134igl 21edl ©.

.




e

aq st

a4l Eco RIML 282 ‘R’ %del «UH vl daidl udd €. Aud ugdl-l x5
oseRul-l F-d 2AdHidl UL sHHL GRAUSA AL s3UML 2l edl d gald B,

RE2sA GRS YEaABA sdaldl GAsA Hlet 4ol duda ud 8. d
G U51RAL €14 B 1 ASAY[FARNR A Y5 R, 21520124 [ZaA% DNAL DL
well ylsulatddun €2 52 6, WU AASiy[5u2n DNAHL 2ie2 2l @ R
CRTER)

uclls RR2sUA 2indly[56uiss DNAHL giuiei-dl donse Mlaa sal ugsl d 514
53 8. w1 d Wdidl AR 200vsH Ui 530 A © 1R d DNA e A 8
A sl faall ol guan adu-side rdeldl RARre 3l udl s 8
(pusla 11.1). ucls RRzsad -dyf5a2s DNAUL [@lre Wla-gifs
vgl?;az»&au&s ﬂ\'{éllirﬁ (palindromic nucleotide sequence)l AU €.

RR2sAA GRAUs, 514
BRAs & % DNA- il duieiil %12 DNA Y2 GAATTC $4 €193
25 o Al s €14 A2 Eco RI DNA W $%d G
A Arll a2 o 514 4 B
alss DNA (a2l (ete) DNA
¢ §
G| |A| |A] |T| |T| |C] G T| C
Cl |T| |T| |A] |A] |G CHT G
t
I Eco RI [
luy B4
- C
clr] r] o] la TR
lug B4

DNA-L 2581211 2lug 9412l 2814 9

Jl
RN TR

y-1:244[¥d DNA (Recombinant DNA)

2usld 11.1 : REgsaA vy [5ala Glus Eco RIH] uBuL g1l YrRidlBrd
DNA-iL Rl 428l

90 ot el 91 &, UlA=SIH 9L 8 7 AGELAAL AHE B ¥ ULLA-ULIN 61, Gl
AlAdl Al il wsy B, Gelewl : ‘YU, DNAML WA 6l sl s
dl 54 €14 9 ¥ DNA-] 215 ougaiell ol ol ds 210 2t wiesnel AHsAvil
il wsld . GelgDL : AUUG s34 57 — 37 Rl ainad]l ol guaril Asuvl
aizl asy, A dd 37— 5 Rwnl alddml »ud divgl d 0 W 8.



spdlesldl® : Rigldl »A WBA0

5 ______ GAATTC __ 3
3 CTTAAG 5’

RRpsa GRias DNA gvidi Waniin e Swaell uey g2 uid [@g el
6L Al GLe{l a2l 51U & Fell 501 23U B UR 25 Yuial-dl oudL L 2 8. el
Blasl gdel 841 GUR 215 Yualaloll 251 el £93l 2 8. Hidl 251 s UNAHE desdl
Al cpot ug B4 58 8 (sl 11.1). ddd g Ud 2edl W2 AUl 21 8
S0 %, dril Y5 swadl ulazu we SLddwe oY orid 8. Sl L Alusiug
(stickyness) Bl2s DNA dl4dlovril S1AHL AUl Held 53 S,

RRZsAA A=y fseaindl Gualol ol Syalfasumi Y14l DNA g
oieldal H12 Sl 214 8 5 ¥ (et Aldl/x+{l A5 (genomes)Hizll Hiwd 2dl DNA
AR Y oAd gly 9.

215 o RR25UAA GRAAS g1 stuatell Uitd Al DNA-L vHL 4 UsirAL 2{lug
831 (sticky end) €14 € 2 d« DNA ddio-l Heedl sisollon g (9412l 931-end
to end) A sy & (2usld 11.2).

[zl DNA
OO

& s % [RR2sAt Gius [Qzall DNA 21 @
dles DNA oiqiq 2155y 2uel s1u 89

XOC OXC OO

Al [zl DNAA wiREs
AL 23 B

d

Y :441[¥d DNA 248,

S. send

(sal~ioL uoi-) v _s?l‘q[E{(l-[[r[ Ny
) Wi 8

250A 11.2 : Y4R0PsA DNA (-DNA) 25-lidioos] 3utiBd F3ua




®

M

aq st

dil Ayel dld A YsuL sall §, MU wdl Yl digs A Ald DNAA
s o RRERSA GRAAS gL S1UAML L 20d @l Y Yl diss 29 e as
Asq -l

DNA vidld yussel 2 wHallsm : RR2suq Ay 5421 612l DNAR stual-l
uReud 23U DNA-L 2560 46 ad 8. 1 25812l ¥d SAsUNIRA (gel
electrophoresis) il 2lavidl uglit gl xedllsd s30 asa 8. 5345 DNA gssiil
881 cflERRa AR ld 6 Fall Al My [ AuHsul [@Qgdaa-l Heedl v [Qgdia
(anode){l dzs eloyds 3l AadL s3 s B, AsIE AHLA Id GUEL sl
2lad, WM 20110 8. d ek [Fevl (see weeds)Hidl xetdllsd sadd geadl Wl
6. 24012005 Fel-{l Aell %cl el DNAAL 253121 drll 5& Yool HAdL Ay 8. N,
drlL g5l s¢ ed i ded d ay e WL WALl 2usld 11.340 gl 2 wigHi @oudl
$ YAl 54l 931 YR AE CRAUM A &d.

ey DNA-L 2531l IR o S A5t &

DNA-L suld 2l DNA- SdlRuu ellm1ds (ethidium
l . Llél?rﬂ\a\ bromide) 3l AAFt 4} A[MU¥d A4 UV
Al Hlel ALl ALl Basil el B ; i (i
7 1 147 /1 / WL gl -11[32\912.-1 (expose ).“sQCLLHL.btl dr Us
g 15/ / DNA-L 258121 £ 24314 Ustal R [Hd sl R
[ gg ” 177 AS sl o). SeRun el ARE A Fa
| GuR UV usl8 Wédl DNA-L A0sdl el a1l
Uzl di AS ALl (2glet 11.3). DNA-L ugiiA
Agld 1131 vl (4211) e ulid (1l 2404) A Feuizl] st oleIR SlaAUL U B 2 Farll
DNA- vl apsfRatiara salad 2ssilell Madl sl A B, 2L UBAA s1an

cl#[BLs HoUAS Fd SAsZS RN

(elution) 5& 8. 1 Ad Y& sAML 2144 DNAL
gsslplia sallHal alssl ad Adld Rsiloin-e
DNA-iL [FHigmi Gudlol saisl 2ud 8.

11.2.2 521 w8 s (Cloning Vectors)

d¥ 2Rl 91 5 R A ois2RU13n tiseRud sl RP1Y DNAAL [HEaRL @R
et d @At sl @Ml 41 8. sis2RUFHL UALs sluHl uRll i vl glal
oiseRue siNUl du-L g-l-iga (genome)-l mRllottl sl wial 4o 8. 2dls Wil
Wg w6l Asell Ulasin gld 8 s ol 15-100 sell Ul 5N ld 9. d-fl Aqva
wiieel]l ueL at 1S 93 8. A 2uudl @zl DNA-L 2541 cis2Ru133 2adl R
DNA 18 %43l sl Avat vt 652 [Ru139 el el@isl dsdl-l qvaid ausa o
sl Al el admint AHAHL UL SAAUHL 2ddl AssL Al D AR sai
24 8 %, el [d22ll DNA-U a0l ALl et By =1Braial]l Y1l
weolil Aslddl Ui WA,



oUAI2S UL : Rigll 2 WAL (\

(Al (Afncizil dlesdl Alsa sdllFoL sal Hie 33 © ¢

(i) wdwll Geulrt [Origin of Replicationo(ori)] : il d ¥ € osuiell adosei-+{l
UL A1 6 A AR 516 DNA-L 2581 4L Yutetl 12 AN 6 IR dorHLe Sl
2ig2 @Y% 53 A 9. L 54, A0AA DNA (Al DNA)-L «seiel vl
[F2io18L HI2 YRl FAGEIR €. Aedl HI2 A 518 dsd DNA- agil sl Ui 54l
Hioldl €1d dl sl Al alssHl sl 59 BSH 5 ¥+l Buldt (origin) viots a2
A5el oAl AU sl 1A,

(i) uedH 2w (a0 [Aen-Selectable marker) : il Gt (ori)-l
WA alesd udeollHid Jvsl usl vid@sdl €l 8, 5 ¥ wyRad-la
(non-transformants)-{l W dal dsl €2 sl Mee3u €l dal WRad-la
(transformants)=il (& 12 uieallMin il 2iud 1. 3UidRWA (transformation)

25 el s1duglit © ¥+l Heedl DNAAL 315 vigl doHi- Gs2[RUIHl 1A sued

8 (aR a1l [QeuatMl 2 MBUAL A 520). AHIA Id ARURRA,

sl MsiE, 225 dal i Fa ulaxlds (antibiotics) sl Ml

WA Aldd sa1ao o+l S, s
W2 Gualall uaiedlldid sl 9. ALY
€. Sl sl 2umiefl 516 uRL wle (A sl
MR sl .

(iii) 521 %2l (Cloning Sites) : [A2sll
DNA- 244l {12 A1HLd I Gualoi dausd
wal RR2su GRAASL M2 dlesHl ol o
29l 5 HI2 ML s % 2Au ¥UL gldl
AT, cAlesl vier sl QU W %UL
glatel - asuenl gsst 4 ¥l ¥ w-l Pvu 11
sellvioirt %Ra orudl & & (2ugla 11.4).

EcoR I—Clal Hind III

25(a 1.4 : E colisdlFioL s pBR3224i REZ5- 2241+l

! ook . . Lt =
(424l DNA 912 (ligation) 31 vint uld{as (Hind 111, EcoR 1, BamH 1, Sal 1, Pvu 11,
AUdRA4S (antibiotic resistance) %+{l-llHidl Pst1, Clal), ori a4 U RS »iaRis o={-il
=~ - = . - = R . .
sl 2dd REZSAA 2 W 541 21 (amp »iritet®) rop a2yt ool
Al MLl Addr 5269

8. Gelgel dls, dd [zl DNAA dles
pBR3224i [RAd 22rudlsa ulait] o«lld-dl Bam HI 224 odl sl .
el AU WS U DNA eivid, gl 2210 (5 21914 d31d 89, uig
YriRldloet WAl B2sinl MEARIAA Al Wy u 28dL uRad-ly w2siu
Audt (plating) glRl YlRidllFd < wHdl wesiell el wriesll 53U usi O,
AGPURRAYSA Wd R 9la sl 3uidei(uRad-lu q2s)d ¢d _
22RUA B S UM, YR RUUUARA s2aH 1A B, yriilBrd a2sl 2FURR e

WA UR 96 WHA U 22RUA A5 MU UR g6 WMl AR, vl yetRidlg-
4 WHAL 828l (Bt et AU ) ol Wazlas sell qiadl AL 9la WHal.



(iv)

aa st

2L (B0, 2] 28 A[Ro1AIRSRU 20485 %+{l WRad-lla q2di+) urigallui
Hee 538, w1 ofly 2Al2ouUlRs waRis -t [42all DNA-L uasel 5y
4 N B e YrtRidlFd wesi-l wrieollui Mee 53 8.

Sl2ondlfsul FI%Y uai-l 518 Ye:E sl uieoll 2is wla Bu
8 343 aul yei-gel vlRoudlRsy yuadl oid @enl [Rgadud 5wl %330
& Qell AsAs uaigollii Yusa Rusanacinl e 3 % o195 vl eilui
YR 24 Byt APl dusdl 201 Geurt sl andirl 2012 240!
R . %M, r-DNAA B AlAs2A630 Bas{l Al3las el uaa sddl
B AAsAREIS Gt 53 -t %y 4 oy B, ¥ [Radll Al
(insertional inactivation) & 8. % G152RuIL WAL (AL (insert) <
Sl ol 3oL %5 wetd-dl erdlal ot Fail aredied Fle iy 8. Raad
el B AAsRAS3 wella-dl [asll Ryl wRad 8 adl auedl s
DU B 52l Al ¥ YAl Al ddly wiomami »ud 9.
aufdil i welzimi sallHoL -l 12 aissl (Vectors for cloning
genes in plants and animals) : d4- 2 oag{ld s w3, e{l-dld
AUl 2 ezl iR s 28l 6s2RAL A duduHiEl
allval, e, i -l ol auuel wolR edl dull ARAL gdl 5 Ysindsl s
3uidRd s2al Hi2 %=l-dld 3l Ad @wAidRd 5241 3 % GiseRUL dal s
¥ $% © d KA e U 8. Gewew dly, llelseRun MR-
(Agrobacterium tumifaciens) 32ld [Reoll a-uldxil HR2 WIsRS O, d
DNA-L 215 v ¥l T-DNA 58 €9 % 314 a-uld sivid 3uidRd s30 21is
(tumor)i 529 & sl 2L 2YHR 1ML A9LSIRS W %33 RUABLI Beute 52
8. Adl o Aa el RIS WML S0 SAAd Sl wRaldd
52 6. AU51RS g1 Y5l UL Wl 2eaidRat ugla 2uust
Ad aHw Aa1s15+1 241 uglt gL Gualell atgsl Gudlal 530 g Hi2
coLelds il 2alideL 530 sl el 65 RuY s R R
S RoL (Ti) Wl sAllFoL digsl 3uil 3uidlRd 3 sl 2ue 8 %
Aeyfcl M1 8 01w+ 8L Al U -l Guylal Widirdl MR el
ey ARU[ARUHL RUAUARA 52 112 54 B, 24 Ad 3412 28 (I vl
DNA-L v q1oY cles A2 A4 eaml U 9 AR d-l 6is2RuL, arfall
Ay el 4l 2UAARA S 21d B (2l d dpa Wl ud),

11.2.3 A81H Y¥HI (Competent Host) (Yr:Adll¥d DNA e -

3uidRe W)

DNA sal1oll (hydrophilic) 218, 8, vi2el Hie d sinuueayid]l waiR s asdl .
3 ? eiseRulA WS sl Hie ALl sdl uedl d waws © % dseRud SiNA

DNA-L 2¢{l512 & A& oildalil 2Ud. A 52l W2 uddl dt Rld Alsdl 4uddl
(224dl[¥d (divalent) 4-l U~ (cation) FH5 (G-l AU UL 2419 9. d-tdl



oI5l : Rigidl 24 UBail

DNAA sis2Rui-{l singlaiadi 2iddi (gl gl ude wiHdl-dl sudiHl aiil w.
YA AU DNA (7-DNA)L SINAL Elbie $AAdl HI2 UAY dHA 612§ U AbAUHL U9
8. AR 6le 42 °C WML HsAUML 2Ud B i id Yri: 6125 U HsUHL 2Ud 8. U
s2a1ell 6i52RuUL 7-DNA i 6ll512 524l W2 uaH ol onu 8.

yoruie sIML (@2 el DNAA Mda stadiel wiot 211 % s A «tofl. Yau vid:AuR
(micro-injection) [ABMI YARUU¥A DNAA wRilsin-l singesul Y o 2id:au
sAAAHL 29 8. 2 Ugld 3 ¥ Al W 50 © FHL 2oRre & Al (gold)-il
g dlst Aofla 8l gL 2l DNA-L S8 WR 12l (bombarding) $2aUHL 214 €. il
gl ¥a walid (biolistics) udl -l E12s (gene gun) dily LUy € A
wifaAn ugla FHL BraetAs15 A58 Alssl GUARL sAHL 21d 8., AL aesial suR
S A wd B AR d YtidFd DNAA ol aidRd 530 & 6.

A YRt DNA-L (Fralel Ji2el Gusell [d vieqia 53 ysu ol Aldl ¢d,
A uglasd asiq 539 ¥ uAREFd 25ldimn 0 otild 9.

11.3 y:ddl¥d DNA 2staiw-l Bulal
(Processes of Recombinant DNA Technology)

YrtRiAIPd DNA 25-lelldl d2dis 2lssu s3ll AluL-lel A+
6, %H% DNA<, 2aollsml, RRpsaq vi-siysaxin-l seedl DNA
quigr, S DNA vis medl528L, due s34 DNA vl LRl 4ot
Yrt APl DNA-L ML, 4% SN, HIBAHAHL UUs R Aatin A
SEE9ct flusgie [Frosvie, 2l 62 24 o] 2280 [Bgd a3l Aeu 530,

11.3.1 1 g4 (DNA)d, 21¢2ll528 [Isolation of the Genetic
Material (DNA)]

Yle AL 5 S5 UBL udle dolR oL o AUl 2dls s
lsads 2R 8. el Ml awddl d RauifzuRely(sads
[ AUl DNA 9. DNAA REZsu GAAs- veedll stual w2
d 2uads 8 % d Ya @3y, ollon Herpgidl Hsd gldl ASH. DNA
wedl ad ddd €l 8, vedl e wusl s dldl v, ofla
6Jeg, AYAL FHE RNA, M, Wlfaias6u 2 (&Rl A8 DNA 3sd 2 8. 2412
sis2lRud SNl [ aiul wtaar welilld; asAodn (ds2Rul), Aeyds
(arufasvl), s8R (£91) Fal GRAARA ARAR glRL ¥ A Aadl Asd B, dA el
9l %, (822l Fal WA w1 djdal DNA-L ol 22l U %+l e wid €y
8. RNA Rell=yfaxiadl aradl g2 53 wasiy 8, wu U4 wiélain-l
ARARYL €3 s 9. ol RNA UPY ARAIR Gl € 5L A B e Hid &4
da-dle GALA Ya a3 DNA a8l sA% 8. d- Had[Bid (suspension) HUAHHL
WAl dldlizi-l A3 130 A s 8 (2ugl 11.5).

250A 11.5: 2101 s8¢ DNAA 4oL
(spooling) &2l &2 53¢l



aq st

11.3.2 Ais5 w20l DNA s148ll (Cutting of DNA at Specific Locations)

2s DNA 224 RR2saA Giasl 0 21 [Fld GRias wedl Sredan wRRElH
vl RR2SAA GRAAS glRL WA AU~ A 8. RRE2SUAA GRAAS gL Adl U]
WA 2ANBLAL M2 WRUY Fe HAS2SIAAAAL Gualdl A1y 9. DNA 24 8L dlosiRd
22, 8, drll 5181 d 4t [Agdya (anode)l drg ol 52 & (2ugla 11.3). 20 uBa
dles DNA g1l el yerualdd s3 asiy 8.

DNA-L 412l w2 gl uBuisil aHd 9. Ald (source) DNA dal dles
DNA- [afine RR2sA GRlus gkl stl gl Ald DNAHEL siia 3R uauei-u
Gualall o+{lrn, ates-l swadl gouiml Yl dXdl gll Bl »ud 8. uRRuM @3l

s YA DNA Fuie 2y 8,

11.3.3 PCR-U Gualotell 3[R uxidini %-l1g w4 (Amplification of Gene
of Interest Using PCR)

PCR- €8 Wl[3H3% AG R35%- (Polymerase Chain Reaction) . 1l W31l

WAL 6L A2 (Uil 0B A2ARA 2[00 sa19s % DNA [@Qei- Y4

€l1) i DNA U330 Gelasl Guallol s34 - (@2l (In vitro) Baufal a3

il Gualell o<l (5 DNA)-L aslletdl sigoilBid ulaslail (multiple copies)

ArANR 5AU B, L DNA WM BAAS 3 ¥+{l Age 4Addl DNA (genomic
ELERNESIRCTE

R
. Is ~ ’
B % ds DNA
3 Lyt

@ ¥l RAusllse
TTTT T T T L T
. ™ WU
o L UL 1], weugfad
DNA W[aH3 (Tag dllaHn) +
@ RoilGu-yBallas s
5 37
ST T I
: o (Qrg dlsw

@ 30 A4l

TTTTTTTTTTT i
| )

u5(d 11,6 WRMIB A Ralsa (PCR) : Ucls AU 2181 AW B :
(i) [a=teoll528L (i) MSHR e Rciet 24 (fi) MusHRe [rg dlsat
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DNA)A 2wude (oloil 3 5341) a3U sl ad dal Bl 8al yfsasiiaid -l
GuaiaL 5309, 4 (g 530 2 8. % DNA- adietei-{l wBu ugll avid yualid
4 dl DNA-L il 20123 2619 auid Hadlid 4 93 8, 22d 3 2619 Asdl oA 9,
guieeld DNA dlldHdy (8 25ARsu- Thermus aquaticus Gis2RuIMidl el
5204l 2019d) Blas-L Gualal g1 20 Fd Yvaldd wat- Anaami 2ud 8, % Gl
i, gL uRL A3y ¢l [Byvield DNAL [@duollsei 02 8. Al #3RUd €lu
dl U Uald vid s Wl A selFoL W2 Gualol 53 aslal ¢l (augl 11.6).

11.3.4 2241 SN 3 Aaul Y:Adll¥d DNA-L uda (Insertion of
Recombinant DNA into the Host Cell/Organism)

4184 DNA (liguted DNA)A ALl siMMi A9 s1adi-{l 2445 BBl 8. 211 512 213
ALELSINL Uldirdl 52 Udd DNAA HIREL 50l A#H A4S A A2 o dA AR 52 8. A
Uil DNA ulagas x1adts o-fl (eld., AEARRA) 4uadl € dd E. coli
SIMHERAALAR A 50l 14 1ML 2L 2 FURURA 2A414S SIIML3UARA 21 €9, %L 2448l
vilal 3UidRd addl s AR H1ad] 2012 (agar) Wed UR 8l dl $5d 3widRd
S8 % 9lg WA i 3UldR L el AL e WAL 8. 51281 5 AR grosdlui
3UldRa sl uiedllHl Ay Adl AR ulaRius o<l ¢ld 9. 2l BRuxl
AR wRAF@as xabs @il gl 3us (selectable marker) 58 ©.

11.3.5 [ag2ll (ur2ad) »-ll4 -luxr ANadl (Obtaining the Foreign Gene
Product)

U3 d¥ (A2l DNA vl sellFoL syl uda sucl siS uat eis2Rul, szl 2
uiellsinml AR 52 91 R [Aeell DNA dHi eigaLRid dal ol 8. qaimol o) o
et 2sllelo-l ilam Gea $RHA Wl Gulert sal-l €11 8. 22dl MR
YRl DNA wtMasd aq 3 €in 8. [Qeall o-lld $edn uRRAAHL o
wldionsd A . dorit s [Qeall el 2alerealsa auoan we aslel dssl
opoidi Glsteryds naidl 33 9.

S8 il sdid 5304 dgd WAl x5 AR scdl uRRAAA
Vi sATY ol Wedl 51 UL detl s R Bautet s (A8l [ddl a3t 8. g a4 A
s1281 [Q1R] sl e9l 3, wlel WA (large scale) Golert-l 4 »udedsdl € 7 o 515 WA
Akt oe{lt 5165 R urieil wU0eisd 2 © dl dl Ye:idllFd WA sdauy
8. cleteldl sAlFL o=l 284 UAL SN Al WA HERLUOUME GO 2ud
8. SR UL [Fvsiel (extraction) 12 At HILAH-AL Guallol 53] A1 & A ussl
gel-gel waollsal uglapiidl Gualor 530 dd Yelsel scuml 2ud 8.

SN At AQAHE LB 530 WS D 3, FHL QUL HHA A5 olog] ol
S1HL 20 B 24 6l suyRd] d1g MY UMl a9, Fedl SNl Uil 2etubls
Ad UGy 930 w6l [ [QrciRd Miera (log/expontential phase)¥i FULals R&. i1 At
Uglet 32l WA Faciil Gedledt dal SR Wl 44 Gauter W2 Gualel 8.

(\




aq st

it se HLAdL Aatel o uald Aol Gauest 4 asq el d-l s R
Bewler Wiz FAMEL (bioreactor)-il [Asiu-{l lcedsdl €l © 3 Fui Al {1l Hsuui
(100-1000 (Rt2x) Guaiol 53 Asta. 24l Ad FAMEL 25 AL (vessels) AHIA B FHi Y&
Ay, WRllell d4% HAdsiviqdl Gualol 304 $120 A (raw material)d <R3N
aRre lua, alFord GRS 493Hl WRaldd sl »01d 8. SR {lue Auqal 12
Famglil Sedd uRRAR Yl wsami 2d 8. F W2 (v, pH, Bl a, el
3 i) Sedd gl el wRRAR Y3l iy 8.

AallBs Guyloi Aaril viad ouiRuise: REE usia 8 ¥ wusla 11.741 ediaami
w144 9.

4

Yawar(dd
wulael |2
4N

N/ N

LS @LAIdRRL
W2 Ay AWARA >

glal YAl

Qs Rl kv
¢ (]
[*]
| yuel 5 S ot e®
SCESURIEE) N LAORETN [P S
L]
2icfin, iy __,Q °°°: oLole
\ a® ° ﬂoo
5 = -
yulel w81 dd D==D

{159 2@rtidel § o 8
~ ypiwdrled Ml a1l 53 0
gal i

.

¥

(a) (b)

5(A 11.7 1 (2) U201 2E8-2w5 oU1HL R152R (b) %S RS 28 6UAIRBS2R Fell
IRL YHDAR(R galrtl YRUl2Iil-l Hdgl 5AUL 89

-

Bias (stirred) evs RuiseR WY Ad AGUSIR 1Y B Ul B+ dAly adid €l &
ol [Rasersil e gelll BiaRidl Agiudl wid wd 8. cudifRaiseul Bas A
Wi[Fu%A-l Guactdl dal d-l Bgsid usl s 3 6. AU sdl uUl2L 43U
oudlRys2Ml Hisdcudl 2ud 9. A dd gl wuql Bl di geud 3, RuiseHi 2s
2wiglds (agitator) dat, 25U [&dR8L dat, Sle-REAARL dot, dlMia-[FE=18L dat, pH
(22181 ot 247 WAL UHIR (sampling ports) ALAAL 8, F-iiell AHAidI Aat=-]l AL}t

ol sl AsA 8.
11.3.6 Mj}lm@d ulzul (Downstream Processing)

Fa sl dotssl yel udl oue {lugial ol WElo w2 Msadl udal ey



sUHL2S Ul : Rigll 2 uBAl (\

UBuUHE AR s 20d 8O, {lumi-l wiadllsel xuA yalsel Fdl
UBAIA AEs Ad vguald uBUL a3 Gedviai »ud 8. {luwi-d
qoy uRRasl uRAAA oirticud 8. 2ANEAL ouoiddl 2udl ei-uadid
Ylazyds-l PB@ sl uamuial war saml 20d 8, uds Iyl
U8l oRiadl [Fastel asiael dd d weL vuads €l 8. vqualdd
uBaL 2 dptad (Feiae asrell (wdlas) udls {lug W Ha-Haol
€ly, 8,

ARAN

cU25UAl® DAL, SNl vl GRAASIHL GualdL 3 ~{lual dal
UBAAAAL HIUS D Gewted A WERoL sl WA Asudd O,
s olieslldiol #-{llFs FuidRd adiqdl Gualol AR e
4 Asdl A Wd DNA-UL Ruuid uRaldd sdiq 24
Y Ad¥d DNA Fuler s2aiq alvll el 20 udlzu uBaq
R5A%A2 DNA 251ei® 2udl [FlRs AlHFHuRa s¢ 8. »u
B RR2su i-8iy[5a21%, DNA diols, dlod Wl el
USR AssiAl Guaidl 53 [@ondly DNAA a0l 529 dal dHist
AL [AANdld DNAA aidRd s34, [@adly & [Qeell -l
M5, well-Ge walser Fal § Buicis U 2 d Ad
WS (2oL 12 dloy UL Fa9 4912 WAL B, AU 2R Al Bedteul
olALRaL52R-L GUAlaL A 8.

LAY

L9 dil 10 Y1l (Rsifo-e) Midldl wiel otudl st ol § 3l QB
weueldi Guulol adl €ld 7 dw A 3 d RBusle dd sul Gualoil day 8
(§vermieril GualoL $31).

2. RE2sAA GRAASL 5 ¥ UFUs DNA U2 513 5dl €1d, 22idl d DNA UR 514 Hsdl
€ld A 2 A Al Gl lusi euladl €l ddl 25 vuglaiel 18 oi-udl.

3. N Sl HoURIAL PR gL d¥ 56l AsL 91 5, U(BAY se-l HUHR BRAASL WL & &
DNA {2l 8 ? ¥ 3l Ad sl daqall ?

4. Hpadl s SN il DNAL 3l Alsdl o ¢ 7 duRt ey 08 yasel s3.
Y55l Al RRRsart AA=yf5a20 11 8 7 dHL gas =dllEd s

6. AU AAGRAA dal P [QAndl R RRRE2L 25 cudiRaiser L Sut sdRs L

Y SIUEIL Sy & 7



e

10.

11.

12.

aq st

ats 08 uaugd s34 Wa-ifs DNA giveuinal 5 Gelsal
2B 530 A=Al Rl wedt s30 Wiy gval eisiac
UL % ARL MU S3.

s ul el oeudl w8t 9l 3, YA DNA 569
vaRYHL oA B ?

9l o (A orenet 2l wsl 691 3, Rl Gelas uiealluid Juis
Guald (423l DNA g1l a4 sitiAL 3uidReldl [FaH e dl
Ad Gualdlil A sy 8 7

2 2ulas ARAUL asi 53

(a) @i+l Gaulk

(b) oudilRaiser

(c) wmauldda-ulGu

ARBAML Al

(a) PCR

(b) RRE2sA GAUSL 21 DNA

(c) s1SRAn

ARl Rets a2l s34 A sl 3, A 9l dle 3d] dd
Y

(a) R} DNA 211 321rye{ld DNA

(b) RNA i1 DNA

(c) sRAY[EUBY 2 Viwdly 51
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GUATS SNALZD 24, Al MA AL
(Biotechnology and its Applications)

12.1

12.2

12.3
12.4

vdlarsl+i
YIRSl D
UYw-il

2iluyHi yadslsld
nly+

wRyAs el

Qs el

¥ 2UGHL USWAHL sudiesldle (A vedi 530 Ysul ol Ful
woud w{ll7s 3uidRd Yt @dl, $21, aufail 2 el
GualaL s34 cudistiiyRsa A FlAs weidld 2UelBis R Gawed
5L 2D B, suAISUAIDL Guaiol RIBRuwA, Feldt, Wdlui
e(l[fs 3uldlRcd WS, WMBed Hddl Ve, oliHRuix,
ulre YHIRBU (waste treatment) ddl GloA-Geute-nl us 2@l 8.
sudls-lldlondi oL wled AWUARL {12 ywel ©

() AU AP, AL YDA AHAdl s BAASL
AIUHL A% GRS YU uLsal.

(i) GeAsl s1d W12 doAlRa-dl el Svedy
WRRA iR 529, dal

(i) AUAUS AAHA 250D gL WA 510 RS AL
\PAEER

Al 64, 2L 100 52 5 HPAH WAL S3U AR, i

BrA-GeUledl QoL Wldidl @add-dl el e 34l Ad
sl s-lldiodl Gudlal 52 8,

12.1 Wdladlui suai2s0aiooHl WA (Biotechno-
logical Application in Agriculture)

Alel 8L, 2-Beulel atil M2 @l as da »e [@seul
A9
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@adsi-

(i) 2l 3Bise 2R vidl
(i) sells Wl 24
(i) (L5 S wsl-vualRd vidl

SRawll silaall stewl Ae-yrasl YAl wil ased 8, uiq d atdl wdl W-a-
axell M2 Yl 8. adiRid Geutet Hot YaRel wisHl aalad-u Gudlol a3 o AlE uig
SAUL HARANA HelAA Aol AL SBsA (i A Fruas)d dli 6. 2w edi,
[Rsadl [Rani 200 3Bisardl Gualal Wgdl M2 vl o Walo 8. AHe YIURARLA Akl
GuAloL g1l ddH el Ws-Gauenl aml Aoia —el. g 516 2l as(eus wdl 8
5 ol sudlBs (olfs) AldlAl Gualor 530 vigd Uil vidiil asR Gauent
U 530 A5 7 g Hell 515 Rl © WAL gl VAL AR RUABNAL YrdH Gualol 530
Al gL ualaRel v Gle udl gisrs ueudid el asu ? olld uRaldd wsisl
Gualol s HioL Ay Gia ©.

Adl arufddl, Gs2RuL, $9L Auy wellzll 3 F« -l 5B A uRaldd s
2l  dn %+l WRaldd @Al (Genetically Modified Organisms-GMO) 5¢& ©.
GM arufcviledl GualoL BRIl 6L Us13 cdleieldl . ={l[Fs 3uidel gl

(i) 2%[as i (alld, 219d, &R, 21RHl) AR WSl a AR siradl
(i) @aldias el wrll Feldl aewsdl (Fg ularias wsi)
(i) cauell uesl Acl sl B2ASAUHL Usld $dl

(iv) arRulail gl veloq Gualol sidasdl atmrdl (d asudl e wudl
il sagudii 2esd 8.)

(v) viRusg UaRsly Hed a6 Gelsm @ [QaufM A 9t weL HRiadl AR
Alvll (golden rice).

2 Gudldll Guid GM-L Gualal S [[Rre G 2iARd arulidsl Fuleni
w8 Feell 2, eladl A s1uiyfRsd Al a3umi Gelloli As(@us Aldl
(RAauHAL) YL wl 9.

s sudiesidloHl Sedls naly-ll [ diL [QIdaAR 241 58l FHS Ddld
nlisizs axtuliidl, ¥ Fgritasiqi Gualor uaRi weisdl. Bt [y afian gRFulRu-
Bacillus thuringiensis (Bt) 6152341 g12L Gcurt 2y 8. Bt [Qusis o+{l-{l cis2Runi
ulaslail R 530 d arrulaiiul wella s2aml 2ud 8 el wudl adulaing ulase
W2 Ftasil w3Ruid el el 2udl Ad cndilRudad Fale i 8. eld,
Bt-5W, Bt-3s1s, v, aiHel, olelel v sl adil.

Bt-5Wd (Bt=Cotton) : LRy aR(FARri- 32¢ls ndl sial i Rl 52 & ¥
g5 Slest wal 3 dfdeal (amsHl sdlsislest, ARsslest), silaaineat (ad Besl) -
Reast (efladl, 4292)4 3l vl 8. ofl. 4R(FrulRA Watl gla-dl 218 A1y viaa
eluin Feals WA wlotd Falel 53 8. 2 wREAU Rusdl Slzuas WA
(insecticidal protein) €14 €. 2u [y olfRcta 2 H1e H1R] wrd 4] 7aidadl Bt [QusiRl
WA wslas Aa FEY R4 (protoxin) 23U €1d 8. % ugL sles 24l A% (A
vy £ AR dell (BRed a3 viesaldd pHL 51280 w1 F3Y wsRevu Wil gl



AR A el UYLl

Al ABZA @3UHL Sy O, 241 AFU @Yyl qudl urlL 21B9¢1U SNl ALE ALSH
il [B9gl Geurt 53 8, L 513 SN gl 512l a1 B il R Slesiv Yoy wy 8.
(alre Bt [Qusis o+l ¥ dfRax yRF Rl 2Hadllyd s34 swa dl asil
wis—anufaadinl era suS 454 8 (pusla 12.1). el waieoll ws dau FullRa Slest
U IR AW B, 1R Hlel eleldl Bt [y 2isy Slesyu ur Mok 52 8. @Y % Crylde
ogellel gl Alddd WA O dd 51U (Cry) 56 9, d =RUGHL USIR-L S1A 8, Gelgel a3 %
WA 2 %+llt Cryldc A CrylIAb 1L Al WAE ¢1d 8 d sui-l sladixia FaBid
538, w2 Cryldb Si-L 6l (51541 B9l wisdl Gusell @did)q FUBid 52 8.

-

gl 121 : sl €4l : (a) olladial gl e wid (b) yel uRusa swiHl edl

W22 ulsiRs atuld>l (Pest Resistant Plants) : 32cls ots[iadl Hida AR ual
el 2 S2eld usil adufapil R wiuwdl dld €l 8. sl Hadoud-
Seislo-lBuL (Meloidegyne incognitia) dMLg=lL 91+l YO UR AU QAU dtl Geuleris
oL o g2ldl & 8. Guisd AsHRLA westadl W2 s Adl- dioidl dlsiR s2ai wudd
¢dl, ¥ RNA id:814 [RNA interference (RNAi)] 13 42 20lRd ¢dl. RNA
Ay ol Ysiusdl uwdidl sifla e wesdl s ugla 6. 2 uglasi (@l
mRNA, Y5 dsRNA a8 2ddl oie RlEy af oy 6. ¥+l $024310 mRNA-L
@UNIAREL (translation)l 2s1d 8. 1L Y25 ds RNA-L Adld RNA %-{l-ige (genome)
2l A ¥ IFs dl-uRadsl (mobile genetic elements — transposons) R1ddl
AR gl dAld Auyi]l €S A3 B, ¥ A5 RNA 1l gl e Wi 0,

Al seRuu (Agrobacterium) Algsi-il Gualal s34 YotsM (Al g+l
oot il wda suell 4san ¢l (gl 12.2). DNA-L uda 2idl 2d suaql
219 9 Fell A UL SINHL 2AYRL (sense) A Ul 244ySl (antisense) RNA- (iRl
53 9. L 6l RNA 2s0{lo-l Y25 €l 8, % 6ladl §aaud dsRNA-L el 53 8, F-uel
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RNA ic:&Y 23 did 8 i 21l 5180 356l [ARre mRNA MY aS o 8.
il 5URA3U WRY{[MS (transgenic) 4FHIAUL YUl @dd W] Asdl 2l 21
U1z WRs astuld didiedl e wiupdlil 52 6 (2usli 12.2).

Bgla 12.2 : aopruet Ul RBLA dsRNA g1 pts il Gusa 013 28Rl 4Rl
(a) el (RABid arufdel 3o (b) Equds ytsBisl Au cougL ugdl-il
5 Raxn Yl wryllRs anfadl qo ug dld Gulal g yze

12.2 2AN4HL Faas[Réd udlw- (Biotechnological Application
in Medicine)

Wit DNA 251l uglirtl 2are-3ainl doti 2ciifs uoud usil 8.
518 3, drll 612 Gt Al ARARA 24 1 uenauoll Ry 2l Geuen
Y, Mol Aot 2y, YR Rl il 2495 Uldanss uoud uidl
el o1 el Al AAdL s e Guisd 2 @95 UldAAS ueud
W 8. dduid AHAAL @LeL 30 Fedl YU d RBRUEA 20nEL [l wp
Guatlol 2 elgd sl e 8. duigl 12 cudyl s @ 9.

12.2.1 %05 Sl §-4[&@A (Genetically Engineered Insulin)

Yod @5l ddl 4quie (diabetes) [Fas19l AHULdR Sy dauell ea 8.
o Hida Srayglan uala WsuHl GUasy - Sy dl Hiuds Al g 529 7 Al R
(2R s2atell 248l A dldedl 25z sAY 5 2wl 2w wellainidl Sy lén
A ARl GuAlaHl Ad sl Y 2d WYl wao s2d Seyldd ¥
HiqaRlenial] 2iadl eyl ved ¥ 2usRs &9 7 w4 HiqalAl ulaen
AR w2 etz $eyleinll se 2wz dl 44 usdl 4 7 dd seu-l 52 &, A 51
ols2[RUL Hirtd Syt el A% dl AssAU WEUL A4S A dd Al
idl GisRall GO s Fed U Med dMIZL dsdL AR Sy
oiritcll st 69l
[zl 3, § S-eylant wyuae] Alsaq yu gt 2] usid 5 8, a e ?



GRS A el UYLl

USdirl AHUHL HYUA (L2l W Gudlal daig

g2 izl w4 ejsd WA d- agfiguiadl oer
S13AUMHL 2t . MRl Ui adl -y g Seals
el MAD wudl wod WA ud ollw ulaBui aa

all ¢dl. Syfaq o -l difaueids iuenig sid gl B Ao
6. YUal-A i YUel-B, B 256l AL SJHACSISS 6lHL gIRL =3

Add §ld 8 (sl 12.3). wpa AR >4l _;__s_*ﬁ‘“i___ e
Sy W-vidae (M-GRAsHl FH Ui-vidAlad yel By
WRusa 2 [Fualle vid:aid ol udal d uEuigd adusdl

Alasdl €ld 9) dld ArARd sl 204 9 § ¥ qul Yo C-U2udy

viadd €y 8 ¥ C-ALES s€ 8. 2L C-ALs uRusa
Sl dldl Aell, ¥ wRusadt el S2yfdquiel g2
4§ % . r DNA 25-lddioonil Gualol 5301 Andldl §-2y (e
Baule-l 3o W5k A 8 %, Sy 24561 53 WRusa @3udl duR s24. 198334
Sla-[ued] (Eli Lilly) uel 215 23R8+ 5usilad 6 DNA guiciild dar s31 % i
Se[Arte{l Yual-A 2ol YUAL-BA 23U €l dHeL S, slatS-l el uqa sl
Srayfln giuiaiii Gated s34, 2 2nadl Ad Galled 5@ Yuidl-A A Juidl-BA
9L ARl JUAESLSS ol g1l Asolon WA AR Wi Syne Geuedt sy,

12.2.2 %+l A (Gene Therapy)

A S @lst ey Aot A8 30 O ddl g 2L AoL W2 516 GuaR-Aaa § 7 o+l
AAL dl o s A 8. el AL 2 uglail wAe © F-uedl 518 ouas 3
Rl [Relt saml 2ide oe{l-t-alavil ARl sl 2ud 8. FHL oLl wRaAR
Hie el A5l siul 2iaal Lall2ing ude saaml »ud 8, g-{lAs vl
ARAUHL 4[5l Hual SRl AL Fe{l-Al-l UdL suaaHl 2ud 8. % FlFY -{l-
alyld 50 d-l s1lA Au~ 52 9.

oellet AAYLAL AMAH MAI2L 199040 A5 A1 A+l 15Tl RS RaARA
(ADA)- Gty (&) g2 520l M AL Ul gdl. 2 GRlds AdulasisdlHl
wlaviagys €ld 8, 2 1AL ARARUSA RAUMAY W2 waeelz -l diu
(deletion) aciell wy 8. 32dls suNsiHL ADAAL GUAIR RAM%AN HRAUAULL gL &A1Y
8, B F2dlsil Bius Rdudi-2 4] (enzyme replacement therapy) glal $2aMi
214 B 3 Fui AlE g2t Aol uBU ADA vl 21 8. Gusd sid Baii A
Walel 8 3 d ol Ayeludl otas <l o+l dadlui aduad Aol ARuiel
ARSLANA GRS ddd At s 2 8. uBY ADA-cDNA (Rglaus
algs A )AL ARSI HdL saaMl 20d 8 5 ¥ diadl edlu aRAl Y
ElMe 5L AU B, UM Ol 2L SN A4 el Aofl, suell Belesel HAlRRuzg
alisisivl(genetically engineered lymphocytes)d AMuid g€l AL v sa-l
%32 U3 . UM 9di HuonslA SiHiE] A0l S A ADA Bt Sl %+{l-~il
WZ[Ms gLy vidralAlL SINME MA9L sAdAMl 2Ud, dl dtl sl GUAR AsY oA B,

A5ld 123 : C-retds g sl olle Syl
U= [l uRusadl

211
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12.2.3 2u8as At (Molecular Diagnosis)

di el 81 3 il AAWIRS ARAR W2 A W3 Rett 2 a-dl Aazeurilaen
(pathophysiology)t uxxcll ilavtiags 8. GuaR-Meld-dl uiuloid uglavil (Alx 24
Wo-fasduel adi)dl Gudldl s34 wRs et Aaad asy «dl. RsilE-2 DNA
2slldio, Wilauis A6 Ralsad (PCR) ud AdA-add [Arsg Sxy-l-
ARoL2 YA (ELISA) %dl s2ells uglzil 8 & o+l ueeall Aoi w3ls Fet as ud o,

Ads1RSL (GiseRul, A 413 )l 1l e dd D o e B O 5, Il
il gl Gt gl S @atel Al Mol d uHu Yl sl Aval ARl wdaidl
gell adl 4 4l €l 8. 2R oig 2l AvAIAL Gis2RUL AL SR (A AL F 2R
Aol Puedl e 2uildl A €ld) R dsll 2o PCRAL yeedll d-l 4585 AiRisL
uati (amplification) gl s3 Wl A, ¢ a4 woudl asl ¢l 3 PCR 34l ld ey
Histlwit DNA+] 2l 53 & 7 daifad AIDS g€l HIV-] i0m 12 2uasid -y
At PCR Gualail Aol 2@ & drll Gudlal 342 AclAd el o=l [@gla-l aw
50l 12 uRL sl el &L 9. 2L s GUALL dsHs © FAL glal 2w HRIeEL
ity Aol usl dwin 53 wsid O,

2se Yuidiny DNA 2424l RNA 18 215 310524 249, (o) %idll st seii-ul
d«l Y25 DNA 12 450Rd 54 68, ¥+ 221203415] (autoradiography) gLl Hloriali
1A 8. selit 5 FH [Agct Wl %l 40 O d sl2lulEs Bt u eviidl ell; 3345 et dal
BauRaldd ([aga) o=l solloa- Y5 €l =4l

ELISA [ -21[261dl wulRs Buimii-i Rigid U 514 53 9. vil2o=a (M,
scr sl adl2 )l 61wl gll Adl AAsRSEAL [Ae AsARA 2lRoeldl Rl dL51251
gL Geurrt Ul AsuRIAl A58l s2aMi 2ud 8.

12.3 uRw s wellzil (Transgenic Animals)

al uellail 3 FHeAl DNAA del€ld s3Mi 2419 €l 2 dHi (@2l (eusr) ol s
add €lu dxA wRyARs wellail a3 laval 2ud 9. wra-Fs Gell, audi, 6l
flal, dud el {9zl Gaurt U Y540 B, A% oidl uadHir WS ezl 95 2512l
QIR Gel 8. 21l U1+l WLl Gulet w He sl 214 & 7 0al Fuidrl sl
e g SLUEL A B 7 ALl d-l S2dls it SRl dw s3I

() AHi~ 2e4HlAen x4 [A514 (Normal Physiology and Development) :
RRre3d waylls welaiid Falel ol Fese 213 aze [@se i
AL 1L YR Al A (etdl)Hl HoHIA IS SAUML 2UL B, Belewl
9l W2 walerR R 51251 Fal 3 S Fal 9lE S5+ vedy sl
ol el o=l o sl Rid Gudsd 518 Rl ddi WRadsl
g2l Bl F[as AN 2o ddl 1850 a0 FlAs oBist (@A Rl
Ul 2y 8,

(ii) Uil 26U (Study of Disease) : -l [Asl o<l ofist o © d



oUAles Al A Al ALl

Hizell 2Rl AHY adRdl W2 {2l MRl WRylFs welail Rsuiaatl
el B, ML Hi2 s Hise ddF d-ll uddL 530 wsd, 4 H2 dA
[QRre3U oirldd 9. el Aol Adl WRR Wl sedn 4 43, adsi
AHYHL FwaR, RURS s1S6IRIA, ARl dl 2 UASH Fal YR HIAARIRI
H2 uRAlFs Hisd Guast 6,

(i) #(25 lual (Biological Products) : 2dls M40l AlRAIR 12
galaAl-ll wiausdl i O 3 ¥ Flas luwi-l oddl €S 23 8. 2udl dluAq
otttad] viol o wAla 8. WIS el ¥ Gudel Flas A Ful
53 8 Adl DNA-L owdl (2adl o«{l-l)d uda suan 8 % [Rre lusi-
FMulei ool d 8. Gelerwl @ Hida M (a-1-2FERA )L Gualal
ARFAHAL ARAR HR2 Wy B, Adl ¥ Ad Baudala~yRul (PKU) 24
RiRes s1daifausdl ARz 2 UARA SAHL 2dd 8, 197740 uud
R l[Fs oud ‘Rosie’ glal Hidd WAHAMR g4 (s [Meul 2.4 gm) Geourt
SRAML AL, AL g Heef HIEHIASAOYHA HRAL S A o Wi~ (gL Wi
oyl gecll g4 Sctl At MRS Al Bulest dRuY ©.

(iv) 2%l-YReU (Vaccine Safety) : A1 U Gudlal sdl uddl wl-l yau
el ulael s2al W wRy{llRs Gedd Muiel sai i 8. azpidul
wRy{llFs Gelrdl Gualol Wilddl »dl-l el ulae e sl »ud 8.
A Gusd wdloL w50 2 [Raua-ld ¢ dl {180 W W2 a2
R+l Gelrdl Gualol usS sl

(v) vdalets Yreu-uawl (Chemical Safety Testing) : > [AMRAL |
e- ulael dld ugL 2oy 8. L A o UBAL B § FHl el
rudldig, wdlae sl 2ud 8. wry-llRs welzidil wal qad sedls
geildid dial [wRl welal ucl awlfadeqla oidid 8. sal
Bt el »ud €l ol wry-lFs wellaia @ el
AUSHL diedl olle Gt Adl AAAL 20001 53cUHL 21 D, Al welliui
(ARl uZla gl 2udRie 5t AHAMl o wReud uid as Y 8.

12.4 Alds w2l (Ethical Issues)

g, WAL gRL A 516 YRl WAL SIS Bl [FUH QR ay HuidRl 53 wsia
e, ol Wndly gl 5 % Ul H2 Hee3Uw AU LsALLSIRS Sl d-ll
AU qeis 2 deals Als Hugd-l Aiagusdl O.

il -ifcs Yelly Flas e Wd du 8. R w-Fs FuidRd Awdl
Farrdotdl MA9 QU idl Adi-l il wRewedl qofl 93 .

Ml Hl2, Gl AL Al YaAsexdl wul 531 45 GEAC (Genetic
Engineering Approval Committee), ¥ W% -{l[515 Agla- Aeifid sial-l el
(AuUfFsdL) dan gA Rl 2 Wyl aodidl Audlsedl yra adil [@d
sty aQ.
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g alal (Bele8l @ el dHY RAB-Aldl) M2 ADdidl 3uidel
GuALBLAL % ilal AL $213L (Wera) Ui Bd AL Bl oiial Wl 9.

AlSIML A dldd 4 2518 8 3, Seells Susilail 2Ry sedl, asulail 244
ey FAs Aldidl Gualdl 53 d-el oidl uA dan asfst [@d dere und s3
Wl B, ¥ “el uvy udaidl dinvnad, [@AsRid 2 vigdl gl dal @Ay s %
RUAS gL dlsl gL dnl GualaL seuml vudl 8l 9.

Aol A5 W vileL 2t O, Fell [0 ¢l adl udai-l ARl vidl-n
SlAsUL aBle Al HAL B, s AAHLAAL U HoL SIRAHL vl @atetolL 2 v
Al wal 40 8. cudul Alvudl ¥ [@Alasd 8 d [Qadl Al ay @Qlaadiui-
s B, ounudl v d-dl 2u-lull Yol dal ale W2 uAldd & 2w d-dl 27
v Ml @URAML Gousadl »ud 8. WAl Yasl, disulsd dal sadiziHl
oMl agl Aal Had 8, F-udl A vaid 2ud 8 3, dd Asiil uddil addr
AL 20 B, 4l 197740 ARSI A5 Sullad sundl vy w2 US ez 214
2515 staled gl Bere (9231) M 530 efldl Fuell d Sudl ouiucdl 2l «Adl
ANl AR dar [@edinl 4l 43 8. ouuHdl-l 1 A4l A ardadi ®iRrdl
Vigdiel uuiold Adiil RsRid saMi sudl edl. eurdla suaHdla 2iH-aim
At A AW sAA Al WA vaa As Adl Gualhsl eldl sdl edl. Yese @)
el s AU gL 2 dlsl gl slddld s ulasifBd af wasq ed.
(Ut 2 UGB 2HRA ARAlA YU 2NEL GeleRWL : ene A dlHsLHL
Uerz Nl qRuIedl Udell S3el 8, Al Ul -l [ Aud a5y AR A
il Uererdl Ul (AHASW)A dd o wesidlyl AlE dl wed 2l [ alsail
LAY AL lAd] A v 2l d W 59 % AR 53wl

Fadsil (Biopiracy) : slgUAEIU surlladl 24 2wy 4216+l g1l FaRuRil-l
Uerer F-d 22 dtll dsl Aol dlsi-l Ariar 4y 3 2ulls diol 2wl R d-L
UMBL 52 dl Fadsdl 58 8.

dlel ataidl eiBs AP 2ls A (G A B, uid Falaldudl 2 uIuLLd
Ut g 8. el [QuRd [Rsueld 2 view@sfia [@a Faxid we Falalata
2 uIYLLA sl AYg 1Y B, Al FaAldlll YIURAdLA il Gualol 2uylHs
AU UL 2 B, Al $0RaA3N ddl epwlsel eHa amy, alsd da
EORIRTREETE R TUR )

[RsBia 24 [Asualla ARl a2 sy, rudin alyld 214 el
arlleld]l ucdl axweldl wHl Wl O, FeL 5181 Fedls AP Wididl FAAIdl 44
UURARLA Sttt Yd 2l Ao Adl AN UR ulasi Hi2el Rl oieud) 28 9.

aRcly, Aueul eual ¥ S[R[ud Uewe (Bl oflal YUEl Ay 539 © % Bal
Yerila B Adl Feil vicdld Uere (Ruw Aoilid, 36l atiq, Al w1 [[siRiu
U A S,



AR A el UYLl

ALRIA
Yeuwdl, a-uladl, welzil A4 dd-l 2avals seduendlr Gualal sl
UAl2s Ul glRl e W2 asuetl Gudlall el Mia af asy . Yy
A DNA 2s-llelia Adl 3ol arulazil 2im el Fule e 530
€Y © Ful xMdyd addl €id. sl WRalda awdi- Rl 2is 3 2sell ay
oeiloll, 25 Awanidl ol uani w-ide-dl gedl uglael [y Y1410
DNA 25-lldi®sil Gudlal s34 514l 20dd 8.

GM aiucilAl GuloL Uis-Gaule-a atizal, diell olle gl sl geLdl
A arufala Al U aiR deHella siiqail aiie 4l el 8. Audl dedly
GM a-iufaxil 8 & ol WNRHed Yol o Geid 8 e AARS Sleiast u
[Fetac vor o el 8§ (Sle-ulaias wsl).

YU L DNA 25Ul eRed-4R8rl Aol Acid AR Hetd 8. 313
Al 8120 YRLA 2 i ueuaoll Aintled Falel Aea o1, Y1 2iuEl
el AL AU B Bl 51281 AR9-{ld ulaa ueud uidl el i o
AL AvHAL Y5 B FHF, UL AY 5 weuncly Aldiiefl s o wsil {lue
VAL AL Ad B, Hird Sy § % olsRUMl Bt A 1 d
oltReL gecll ARy Fq % 8.

WS wellal MiAdRPl Bl 5 5-uR, RRRs sidell, ARl 2
MAEH W2 Hised a3 auy 8, Feiell et Aot (sl -l oyfsi-l
vyl qoadl Yau 8 8.

ogeflt AAYHL WA AHidRls A0 £ 5aL W2 A5 s 2 el
efletell ud AU 8. Ful alaysd [Agl s157 2 ABY - e g-il-
(el gRL GuAR W 8. Fui o={ld Uate-dl AHAL AU B, AR § ¥ Yo
UR 2UsHA ST Uil [Qeusast We didirl 2UgdRls gotd 4l s
AN S 9 Al AlesHl [IU MARL 53 Ry Y-l AL Aal Bl ML
RUUAUARA 53 wsn 8.

euedl, AUl w4 Wzl gz Ul adi Baadla dell: Alas
usl Glow s3L €l 6.

UAY
seals olseRuL Bt [Audl s[5l Uel 52 8 uig olselRul @i Hidl <4l
58 S -
(a) oiselRul (A ud uRRH 8.

(b) [am xulRusa glu 8,
(c) [ [Al%y glu 9.

(d) [@w sis2RuAl (Al Sl walRd €l 8.




e

10.

@adsi-

w5 652Ul 9 B 7 516 35 GelsW gL avlv 5.

{5 3WiARd WS-l BAle-l Sl dul SRFIMelL da-ilats Avuug(l 53U,
Cry WAl 48 7 d Uel sl Aasd U™ oRUdl, Hrid 24l U, Wldill $14EL
We 3dl dd Gualoi a 8 ?

il 8l g 8 7 ARARUSL R (ADA)L Gy Gergel il dq
qaldl,

E. coli %l 6iseRaml Waw-l (9la sidua e o)<l sdll-al duy
MU Sael Wby Aeld Boucts Fua s2.

r DNA ds{Rsl da daqt Ruamiuret [@Qa il wal geddl axydl 8, du
2R olloiall da (e19disiein) g sl S5 s gl Anandl.

$reane glRL Al 53§ ollest ASA L B 7
9L 2Rl YR W2 A Y[senin & 7
§r2ri2 gL dwit 52 5 3ulell a asid dan 2inHla w3y WA (orally active

protein pharmaceutical) 3l Zld ot-itclla] ? 2L S14AL BuariR] Yoo AHRHL
Qelet 2.




254 10
ul(=alalaan

(Ecology)

us@A 13

AL i ddl
usW 14
(Fflartdat

usA 15
Falalatdl v
A88L

usWA 16
yulaRelly Al

(alatdl (diversity) 2l $5d u®a @an-l o ([Alredl 4l ig d Palasu-
wsaydsii Qv wel 8. @dlisua (Biology)d Maqdlsael » asduldaust
(Botany), Mie{lauzal (Zoology) dal y&imdel (Microbiology) 3U udl dl
AR (classical) dal 245 (modern) AU AL 2 8. AR olle d-il
ol Mol 3 aldstid-l 2iBas Gl (molecular aspects) 12 AAZd
(euphemism - Acu2ll ALGUL] A0 Aoe-UAL%-) . eloyql, vl wal wel
YAl © 5 Al Gualal 24Ul Fadsfs sl AR 3 sl [l
aolld 2syoll Rigicdil asll dat 32 s lal. WRRAQeL waL s Ad 3 & &
¥ 2Rl @dlasiadl Asaalel efesivl (holistic perspective) Ueld 53 €.
FalQatifis Al draid (AR) 2L 4wl (an individual) ¥dat 3uell 3aL usIR E
6, e UDAL AL FAl USIR URUR A 52 6 2 5 AYS W3U (as a group)
du-l ofifas (Rauren-dl (physical habitats) 3dl USIR-AL © dal 5dl US1D dil
Aoul3c uSA axdl (population), AMEM (community), [fau-dal (ecosystem) %
UHA @aAla®L (biosphere)dl -l 53 8 d adi-l el W 8. uRRAR
Lo el AN O, Hidad[md wulazelly 2addlsRl (anthropogenic
environmental degradation) dal d-iel GeMadl AHLlrs-AwEA xR
(socio-political issues)dl 11t sdl 2 drll AlssA GEA V. 2 2suuL Guiisd
BGealle 2uellarics e(R (critical view)ad [N d avl dai s 8.




Axzd Fsu
(Ramdeo Misra)

(1908 — 1998)

2162804 AHEA (12l (Ramdeo Misra)d etixdad sl wRRa e fdl dals
UMl A1 8. A3l % 26 H1oR2, 19081 1Al edl. A48l Yues [Forsu (UKL
dlsd ulaeaiay (Leeds university)il setey. . Wl (W.H.Pearsall),
28 2.2, (FRS)L Hdledlet €501 1937+ aridi uRREARQenM dis2R @i Baiiis]
(Ph.D. [Aenaiaaula)-l Guilt dadl. dusl sty (g [Qaldeanay, aiel-dl
Aot [Aeuorl wRRAAG [auml 20U dHo A oAl 22U
530 ML AWA-ARA GuaisReitrl (tropical) AHELAl dall A3l 542l (succession),
a«iufa-ardlil-l yulazelly uRiBail (responsed) A GralsRoitnAl %d1d dal
QR Al Geule sdl (productivity) ¥4, WMS A$RL (nutrient cycling) 4313+
ARl W2l Wl vl Anea P cuddi WRRAM A uR Amay vdqeAlds
(postgraduate) UlssH A3 sl dH+ll 2uv {13 502 gl arid Rl Sise: s
Feliaigl-l Gl Aadl 214 daliA sl 24 [Qal@snadl dan A BAHL S
WRRARIQeLSU A dMs gl 43 sl

dud edld AlA [@stist vis1e4l (Indian National Science Academy) i+t
2123 dal (sl [ 215184 (World Academy of Arts and Science) «{l By Rt
(fellowships)dl A=HLFd ML 2iLcdl Sl A4 Ydlael 24 uRRAMRe 8
aotulaFad Axd ol YsiRell Y5 AL AL gdl. d¥-l Maeilel %, diRd
U513 uulaRld % AH Asen (1972) Hi2 AEL UG 2014, 5 F8L wiegeal
i, ualaRel 209 as ot sl sl W2 (1984) 1ol Hatxd sl




s 13
ADAL 21, Akl

(Organisms and Populations)

13.1324l ¥4 d< ualae
13.2 qzdl

20 A (A2 (Al usie- 2u5Ms (fascinatingly) 49 A Wil
(amazingly) 2l %2 €. 2Uu8L He124R)21L, SN, Uell2Al, 2101, Lol
adat uwdl, drdl, AHeldl, Madall 2 FaliRaRl-Fa Faduis
Ao1eleAL [Ad 2Rl v wEBAAL (investing processes) Il
drdl olRadid angal W2 v 53 Wl YA FadalHs Aol
(2l i-organisation )il 5155 UBL 212 HIUEL 6 W51l Ul Yl wlA
el - GeremL s, R 2l eellaiml agel AU ejese (bulbul)
Al Aol el i U i 3, ‘uall 3ol Ad dua 7 % ‘yall w
w2 oud ® 7 3l Ad’ usRq vl uBadl woa adl Balak
(mechanism) @l Sdsddl €ld 8 UL AU HZ' USIRAL UM
UBuLl Mgtadl (significance) il Brstiz €id 8. uuew
BeleRML uddl usL Hi2dl walet ualdl @Udl (voice box) i
54 R¥ (vibrating bone){l AUl 21zl €1 A5 © AR oflo UL
ogelloiil 6l ASIA 1A & UBAwd ePAL wallAd dnl el 0 A
A+l (communicate) 2419245l €15 A5 . U A dHITL dAWA
ugla- dsulis efesial (scientific frame)ell adis e dl A
Ueil (MRAZY ol U1l 28 [Rauy usil Gledl - At wldal Yyl
(night-blooming flowers) AlMl~4 Ad A5 W He €14 & 7 14l
34l 2ld w1 A €9 3, 541 WAL 44 (nectar) €14 € 7 Al (cactus)
ul HIe qRuotl sesl (thorns) 4ud & 7 vafll o2l (chick spurs)
34l Ad il did savl d ¢ 7 993 @dIR.



”

aadsii

AN 20UGHL aolidi uedell o lvfl ol oL 3 WRRARQAL 25 2Adl @y & 3 ¥ uwdl-
Al 42l dal A i sl ks (A%[AS) vularel azd-{l stidBUiil (interactions)-l
w1, Aug .

Yaeyd 3 uRRARRE 1 Fadaulnis A6l AR 2L AL A2 & : %Al (organisms),
axdl (populations), 414l (communities) 247 FAlAAIRL (biomes). AL MSWIHL AU A%FAS
A Rl a2 WRRAKEAAL e 5303

13.1 uDAL A ?lg PDEETS) (Organisms and Its Environment)

15 2 WRRARREL A qaeid d 2etBls uRRARReL (physiological ecology) & 3 %
(a4 uwdl Wot A L (survival) {2 ¥ A8 U Uririqil A6l el dusil wulael ucdl
3l A ngslad qe B, d AHFAL WAL Uil B, dHL 206 HIRRIML Hedi sl 83 3
wuell A yeedl Y-l 2w 3l 1 uRsHal (rotation) 52 8 2R dsll 4l 8L (Rsta-tilt)
2 dluiri={l dlsil (intensity) del 2@ (AHauli-duration )4l 3ol L WRls 325120 (WRad+l)
A%F O dal d Y-yl BiHL URAA D, 21 328130 g[RUd-precipitation (de Ad W@ 3

30
25 ] ?.'glmé\[‘\'[ q@L@Lﬁ{
_ - —
o 20 ;: .
o GuaslRoily a-t
T 151 [BidiveL qst
z
= 107
T
57 .
é‘ UggH d-t
T 07
% _10- SRS 2 s g
-15 T T T T T T T T T
50 100 150 200 250 300 350 400 450
AU <AUls 9fF2uid (cm)

2i5A 13.1 1 Ulls i 214 gRUIdrAL Aeal FalERAR Rde

gRULAHL dRAE 2 6RFANL 3 [RHUULA ol AHARLd B)Hi udi dllils 325130 A HollA Huy
FalaaRid (Faiel 52 © Fal § afadr (HRad-desert), avlart (rain forest) dal g uea
(tundra-ga, W+l 9al- 615 2ux9ied (G Awe w3l [@RaR (2ugld 13.1).

€35 FalQra1- 2ie2 % wAdl AB (regional) A @RS (local) [RR—~icidi-Al 51281
AABLs Mawal (2iai-habitats )l cuus [RREAI Fulel 9. sude Yua FalirdRl
2l 13.241 sulda 8. yeel 3 UR AW art $5d dlsls o ey Feriza-l Yd HallRd el
uig Al A (extreme) A 5812 (harsh) [Fate-mi el AR H1S 6 - Fal § AL Avid
(eLsci-scorching) a1+ 281, 3R aule efloadal (perpetually rain soaked) Heldu-l %21l
A HeIRLRY LS (deep ocean trenches), ARLddl UdlEl (torrential streams), SURHIA 61252
830 a1l gy EENTR (= ®[A-permafrost (snow laden) polar regions), Glal uddRl
(high mountain tops), G50ldL 94 (3¥a1) 2381l (boiling thermal streams) 4t £218 Wicll Ardlu



UL 2+ 4l

(d
250A 13.2 1 @URArAL v YRR : (a) Grisoit]d anlas (b) usbiuid) a- (c) 2L (d) AMsde

{12l (stinking compost pits) 4912 &LsL GeLeR8L 8. Bi2d YH  UURL HidR4L WEL Yerdl-l gl
Al 2498 (unique) (R 6.

14134 dwal (WRsi4l-key elements) 541 &9 % [ala4 [Rauzu-i-] cillds (physical) i
A14(815 (chemical) RARAIHI agllord] [QlAudii 5128 6 & 7 el Myl WRHOI diumis,
wiefl, usia 2in eyl e, 20wl 2 dte e %3N D 3, elilas-uuBes (Ax(as) u2sl Asea 2uuia
2yl Aa 5165 wal aad] dtaisdl sl asdl el Rama-i A015125 (pathogens), YAu i
(parasites), ®L&i5l (predators) del Aasil Acl WS (sRgl-competitors) 3 FH-(l A dxil Add
idAFAUL 52 8 dal g2sl uRL AHARIA D, 20U 24 Hix{l2 e9l2A 3, 245 ot duo-{l aHualE e fns,
A Ui5lets uRieoll (natural selection) gl it AABLs el d-{l 2ul 2516w 3 Gl
(survival) A4l U¥+t-t (reproduction)d §2d¥ iricll rvial W el [@Asi wed ¢l

€35 AWAA $2512 Al 53] AslA ddl AissyU RARL dstad €U © FHL d del A 50 UaH
Sl 9. d M2 GUARHL daidl Aldl (sl 3 wlRanrl-resources )l [RUQ4AL 24 WRRARSA
ol s el 515 @i (functional role), 24t ot 21508 AvA, d dsll wuoidl arugla
(niche) 2 .

13.1.1 4wy wlas uRe (Major Abiotic Factors)

AluMIt (Temperature) : dludid 3 YRRAMQEeN Al Herard vaiaely uRea (s15-
factor) 6. d¥ dL5% 91 5 Yeell U AAL AU Bl WHISL sedld 26 6. [Ayagd (e
equator)ell §llu [AeURL (polar region) d3s dal AwL2 Aeliril [BRARL (plains)ell uddRumzl
(mountain tops) d§ Gt 42d wd &, drdirl iy 4edld [@cURL 244 Ggor Gludaiou
(4R (high altitudes)di 94l «1A(subzero)dl 48 Gruouni GuauslRoitly 2@1(&1A (tropical
desert)i 50° Al R uRlL ugizl 24 . dH 9di 3edls wRdlA MRl uaL © a1 3
AU QUL GleL AHgrL waG®RL (s Wl (deep sea hydrothermal vents) 3 i AU
dluMi 100° A4 uRL qaidl 2y 9. ddl A s © 3 Aol gl FAd A @l Fal
(Bl (temperate) 2aML Al el 7 GO weL wsidl <2l eslal €ludl 3l FodlHl sl




N
j) @aldaii-

ol Al 2 2L 1ol He1IRHL GuusRoitrAl vt (latitudes)dl 21010 @110y, % al 1oL
8 5 usdl wsld 8. AWA DA M AUHLAL Mgt dl 2 A1 AeeSdl d1oy Ld yeuis 53
A5l 91 3 U M vad a5 d (i) Gasi-u alaldsuq (kinetics of enzymes)-
UMfAd (AAR) 52 O i ddl gl AWl AU A4UAY (metabolism) B 2 21y
2etIls sl UL ueuldd 53 9. dlils % AWl dluHi-l 2uus Asialel (wide range)al A~
53 0% B A gla WA S (Al yladd-eurythermal 3 Y3l seaid 8) uig ax-unil Hlet
aolrl (Me£dl) diumin-l 0l dsiHalel yadl AlMHd @ 8 (dal awdid W@-uda-
stenothermal ¥ d-iciul s8aiy 8). [AfaY salail elollds [[del voer o ay eyl dusi s
¢S (thermal tolerance) 32 U [MOR 53 . § awu -4l Hal seais ylada qul
el el 21 arulail & 7

Al alui, HA-HA 49 afdl dl AW ABas (global) druHi- [ Ridl adal
wHl & (M8 16). 2 2 Ralddl (trend) ddd g @ dl d¥ Wl ol 3 sedls aldii
[Qare] Haleid »u2 49 w4 d-udl d ueuldd 49 ?
wiell (Water) : Wiell A2didi @ad- A 5, vol e uRea 8. yedl u @a-
wellHl % GeMey eq 24 d well aoR [Biri2s18 (unsustainable) WL 8. WUARAURIME d-{l Gualeh
sedl o] AP (Hulld) €lu B 3 s5d AR A-sadidl 5128 % Al W’ wsy o B,
a4 (et Geulesdl (productivity) il (A8l (distribution) WRll W el % ay »UHURd €1d 8.
dd [GARAL ¢l 3 HSIUIPIRL, AAAR ddl AL Wl Al saA6iBd 519 uel
AHRAUAAL AL AR 52l Wl €l uig d iy e, ey Aawdl W well-l siad
(Rru1ulBLs Ao, pH) Hemasdl ot 9. sl Algal (WA $2AN™L ARML UL AU HLuA)
sdradld % (inland water)Hi 5 % sl 28], gl 308l 35 % e el (2l qaslls-
hyper saline) v wiRlli ANAAHL d 100 %l Rl a1 €1y 8. J2als Awdl aRdi-l vol o
aus Asiulel (A Algdl)d At 53 S ASaS1)uiq Hlel MLl 2 Awdl Algdi-ll il
Aotalel Wl AP B RA8a-). aen et well-i el ayg welui dion wvd w2
A 2l sl el da ayss wellail aion w3y e ol el wlad il asdi 4, sRa
5 e U (e qeiBd AL (osmotic problems)+il A1H-AL 5L U3 9.
WS (Light) : adulail 1s12:42A48L (photosynthesis) glRL BILs Bt 52 €. 1 2idl ulZul
8 3 % GloArl Al AU U512 GUAsH €U AR % A €1 B, W2Al HIZ % UL ALY DL WIS
(@au3ul 2a4ulr] (autotrophs)il M2 UslAAl Hewadid @Rd dd A ASlA 2. Forediul
(st wtel <Al aralaiicl gsil salaedl (6918 24 gul) ve o e wstadil WRRAR ML
§redi UsLAAAN S2dL W2 Aqslid 2ddl €14 8 518 5 Al Add Glal gall-l s
(overshadowed)4l % & 6. uell a-uladl e ‘i“fl&g‘tcl Hi2 dul uslaaal® (photoperiodic)
iagisdlidl Yddl 2 yausia R ol idl €la 9. qai welad w2 ver usia A Ad
erayel © 3 dail usiaddl dlsdl 24 axaounn (Mstaal)qi s da el QR
(astadi)d du-l AL (dusiR-foraging)-l 2", U w1 @WAUARd (Uail-migratory)
Bt 2d 58l a1 22 [Afan A5dl (cues) A3U GUAlAHL cld 6. odl YHl st 24
AL oirll Al 3 Ol 3l wfl u ustall Gualtt s wE sug Fd Asuddl 9.
U3 HSRWIRAHL (500 Hl2rell auil) Gl ualazel MidR 24451244 (perpetually dark) & €
el Al AUl Sl Al 2 ugL el el &yl A iavidl Gt S5 wellella Ald
(celestial source), ARaca w2 8. 2 du-l Gotwi 2ld g & 7AW [ABw- asiue sRiax



A\

Al 2 el (\

(spectral quality) U8l @d- HI2 Hewayel 8. AR [AGEL asluz-dl wRwHsdl (UV-ultra violet)
425 HRLL AWl HIZ LsALsRS B, U HSRPRAL gel-gel sy wdl v well-l
ariufcll W2 geu asluedi ol o 94 wesl Guaod wal <l aygyl 284l udl (aid-red),
sRa (dldl-green) 24 seus (wsidl-brown) dla sl sil (3¢ dla-l) Gsii Glst wierl
(vitzt 3 Hls1)4i qaqil deua-r & 7 ar qe ?

ol (M[R-Soil) : (A4 22140 w{lA-{l w5 (nature) 247 21441 (properties) YEl-Y &L €1d B);
d 2uelleal (climate), x1ugid-t UBdL (weathering process) 5 HEL (61 3l A 215 gouiviel] ol
gy dgrt WH (transported) A%l dl a1 (sedimentation) WHL & dal d-l (s 3ol d
24169 il U2 2UHLRA 9, B, (ol )+l [Afay cuaBiscuil ¥l 3 ofH2-L (i218t-composition),
$RU, 5¢ (size) v S8l AELSWL (aggregation) v Rl vicdAAR-EGHAL AUl FAALRL-GHAL
(percolation and water holding capacity) 1551 52 9. 24l claRscizAi-l 18-2012 pH, viHor 1216+
e o (Ramusli-topography) FaL MUESL 88l (g g AL SIS Wt Aol arruld A 58l
53 9. drl ussl d ot HollA 481 53 8 § o [BRaURML Sal usi-l ellpild wasuing a4 asd ¥
el uR AR Wl ad. 2 o 3, seld waiareMl, saugl-ala@sdisi qel i sy FMidey
(wel-dl a®a 8l wayR-benthic) Mel2AiAL U1 4551 53 8 % Al (A5 Wl a3,

13.1.2 u%[as 5128 Al wlaZari (Responses to Abiotic Factors)

B ARAlRSAAAL 2t sul udl s AARLs M- 2103 [@s WRRARL 51135 A 52135
A5zl IR (drastically) WRad- Wil 93 6. ¢ 2wl Yl 3 - 21 usietl [Hqaeeu-l4i
atqir ual 34l Ad asuqyel Rl (stressful conditions)l dlH-l 53 & dal A
YRR 26U aal 52 € 7 U 2L WAL FU6L ALl HA L Sl USdl, A8 S8l
2 Y9, AU 5, R Acid URAd e olel uiarRl wwdld w2 A Wil 8 3 wiils
Hosart (Acdtu-bother)dl 35 6. Awa (alsd) 1 uau
(2a08) Al 45 ¥ Al vRAcHl Qrdl Qi aHERuo
eMuid, well ol UG @l x1idRs (Al
vie %) uularRl [AsRid 5§ ¢ ¥ ol o Fauulds
uBaiall dal setlBls siald alfsdan sideaidl
(maximal efficiency)dl 534 & € - 1L % I Alaii-l
ol o el dloudl (dgrdl-fitness)Hi qHIRL 53 6.
Gelel d3 2 [RRdl (MIddl-constancy), 28Ul
§redd (esedi-optimal) dludid 2 2yl Algdl OUERAR  —
(osmotic concentration)-il a3U €1 A3 O, 2169 3d
AR, AP drl wHidRs uriaedl Rdl (auRal
sealdl UBul-homeostasis) 2auddl Mt 531, sl &
2 [afay euel wulazelly YRERARL -l AHRAUMAR 21264 oiiddls, (slousdid) deRt 414,
HerayRl ASCUAL YA 5L M2 NSl WE WAL (AL5123U-analogy)-l AUl -l @S _
el il el 3 416 St R dril WRUR dAtudin 25° A €ld QR A AAAY 514 Y S UHH  e——
Sld 8 A 312 e81R g3 Al 2141 (scorchingly hot) 5 dload] wvidl 64l (freezingly cold)

@l R vl d-l WRARA udid d wadl 3 esicll vanrdl $290 AW V. A d-{l wuRARA

] &5

&y o
: P Mans

Hils Fas

MdRS 2 —

2usld 13.3 : awlas wliBad 2udvly Rzus




N

.

eq st

gul, Husd sl avid SRML AU d-l S19U0 GALUAL dldisas (air conditioner) dal
Rratouni drus-01dl (heater) glRl Uit 531 23 8. AR A d-l [ deill 2uau sami--dl Raly
wcfls1d Foll €14 dx 9l il [ dell-l i) siandl Rl 1o el 206l eulSasl axRalq
getllls 3 R Ad A8 uiq sB kAL (artificial means) gL WRYEL s 2ud 8. oo
dwdl vi1d] sldd (situation) il A4+l 520 34l 2d ] 4% & 71l 2R [QARY ASAAUAL dRs
o2 53 (dugld 13.3).

(@)

(ii)

[Ruut $24 (Regulate) : 2415 udl 2etlis-physiological (s4135 A8 3 adgys
adldl laslRs uBl-behavioural) A4l gl AHRALAA el AMAL &H €U 8 § il
2R, it (2185 drwat) da 2ulas Aisdl 4ol A RaR dladl vidil 20 8. ol
o ua{lail i, Al (R4l -mammals) dal VoL % (R el yreall 4 21yvsdsll
(lower vertebrate and invertebrate) A2dl-l il ardaul 2ud Famq (Gwlu Fux-
2 2yl Fyu-t-thermoregulation and osmoregulation) 52l s1des 8. Gelasiusly
a2l W 8 F At w2l Asadl il WR i aadl Avidil asdn
5120 & uedl M@ dil 215251 (Antarctica)l 2l €14 & ASIAL L (Sahara desert)Hl.
dlel el AL gll ddl aRAL At [fas sa we 3 Balalk
a2 8 d vl wsReAl 8 5 Bl 2uusl Hpl su-udlal gl sl adld
Aty 37° A 2l vl glad, GruonHl, 2R R divMid 2AuRL AR diiML
53l AR Sld AU faauusl uAdl (profusely sweat) dld €. 213 {lAL wRBuM €3y
ousflotastell ad) 2lldadl (evaporative cooling) Adl o € % ¥l 2214l 2llds (s@r-cooler)~{l
s3] 53 AR vt {12 eud . Rrnonml, IR yalaeid didid 37° A sl vl
At {12 €ld R 28l siual dwlla (shiver) la 3 Yol Wl gl ¥ s usi-l
s & et GwL el A 8 el AR dtuHiA Gl 21d 8. R oflw suy a-uladl,
du 2idRs drwii RER el aval e 2udl 56w Baufal qiadl 4l
N ?lg' (Conform) : W] Hial sl a3 eigdl-overwhelming majority (&216t2L
99 %) s @aloidl ol % AUl dud 2idlRs uulae RER Aadl asdl Al dae
AR, AU HURAWRA WRAAL AL AR sedial 53 8. el welpiul, eerasdl
Rl Algl ¥ du-dl il sar dxe well-l Alsdl ol siecrd 52 6. 2wl
A gl AdUl w1 uwdl (A-adl@il-conformers) sSa 8. AdiAL 24l
(mun) 2idRs wuldBirl A BUAdl Adl, UL 2L A, Y9d BRSH § 2 Aesldd
Awdl W M2 [AsRid add Ramsl awal (Ramsi-regulators) oiedl <l. »usl GuR %
Hepedl A2 GelgR-l Gualol 54l B dnl e 5305 Feal dlsial A8 Al F el Wl u
25 dldlsds Sld ? o sedl dlsl 8 5 Bl d Al w5 8 & d wIlel wk © 7 ueu dist
Adal Al B 3 F Grousdl ol WML Wdidl uAdl lsoll wal 2§ 24
Buatqsadd s1003l (suboptimal performance)all Acld il d €. wgu UAWdl =2
GolufHud 2 G-l dAd waln €y 8. 99ell (shrews) 2 G vt uallil
(humming birds) %dl -l Rl e d AlRAN 0 8. Gwu (rRHl) spiadl 5 Gwy
Auadl 2 qwdly Axsasil 5196 8. R Al sl Awdly Astsu dunt se-uRaeisl
AU AR €lu 8, Fell U1 elgil ougal 64 €l 8 AR dvll dxl A1l Gw voy o
sl dpuaald a4l (tend) elvd 8; el WRRAHL daid 2uvad gl -l G
Ugl 5l W12 viot % a3 Glad-ll v sdl wl 8. 2L o v s2eiel vl sl wedlail ia
UBAAL el o Al HAL B, Gelasiuril AHUdUoU eUn, el 2idlRs walar sl



A\

Al 2 el (\

Avaldl BHd 24 did (cost and benefit)l [QA1R & Al »ud 8. 3edls iz
Fraue s2auel audl [RsRd 530 dldl 8, uig Wot yalazelly wRRAIAL AlHd alemi
% (in limited range). A d #alel 612 (Huletel at) €ld dl dil Adal w50 wy S,

A ouel URERAM deuaysl €l R uwdl Wil @lddl W2 2w 6 [@Asedl €l 9. $5d
2ldls AHLRUAL W2 2] 4 Ny wUal F-d RAlAML 2 o Ul Wl Ny 8.

(iii) 2440dR $¢ (Migrate) : ¥4 aruayel Fawrrauidl doul 4Rl (Aadl3l-
temporarily), 20UdRd 4 ay 450 (vulaeuelld-hospitable) [ERAIRAL Fdl ¢ & -
IR dRlAYRl UMY A WY 5 dsnayel quid dldl od AR dil F—d 20 Wit 2udl
8. e Ad Hul, 2 Wil (strategy) vidl © %, Griourl 2l [Bail elHuin
f5d [Bedl (Delhi)idl Rmal (Shimla) Wil ad ©. uei welad, dHi wel v s34
uelladl, Qo elREe dioll viddl it s3AA ay A0 [CQRARML RAR 84S nd 8,
¢35 Rl A% (Rajasthan)4i votl o elldl daaizd Ay Geus-mdyz-Keoladeo
National Park-Bharatpur) i a186l[341 (Siberia) 2 =4 vy 651 GrRy [Arcinial
viddl A Ul wallzild 2%l (host) 220 o<l ALdLd 53 6.

(iv) Ydddl Arg (Suspend) : s, §21 dal [ saul adulazdl 20 [l usr ad
glaraaion o{lngil (thick walled spores), 4%+t 53 © 3 ¥+l duA ufisn WRRARIML
w[d Wal W2 Hee 1A O - Aoy (BRA) yalarel Ui Adi dadl 2igRd 4 u 8. G
sl axrulaain, ofle 2 3edls ol aruls MrFs AU dH-L [QBeML Hee
5301 GURAA dRUAAL AHUOUNUA WIR WSdlll ALHA AU 514 20d 8D, 250 UM in
Ao{l WRRAHIML AL Aal 918 2a3U 2R wd 8. Yytdiaal (dormancy)Hl dil du-l
quuas Buisi valdl ¢ o,

wRll20Hl, AWl % WUOUALL (MaAlA) 591 M2 UM €, dl dil d AHA il
ueldd 4 (el ¥S-escaping) dguad 2ol & 9. Baow e(™uiq My lalfial
(hibernation)Ml ¥l &<l nR{ldl BRAl dat 24 uHA el el edi s G Getsw
6. Sedls olisoouy A el a3l dal wugs Fdl B AsiBd AU 2194l
Al [Hgl (aestivation)dl ¥l & ©. ulasn WRRAMAML ANA ddl dandil weil
uelasi-l sl yurdiazar 1l sal W2 neldl 8 (dispause-AuRd walazely
WRRAlL A sl [@der sl el gyl wlRs 2azar-uel 3y
waL). YYud 2Rl (diapause) 3 ¥ RelBia (sl 218 v ©.

13.1.3 2754l (Adaptations)

AL YHLaRRML vid 5B WRRARL €1d AU Al AHHL 520 112 Al Guaey v sy
[Aasedinl 2usiddl A% AUl O ¥ ol edls uwdl AlssyU Leills e (dlsast) gl wlala
UL A €l B R oflo Jedls Ul ades gl @asiRs Ad ulkisa wRRARL wd
uldBun 52 8 (212214l 3U sl druaysd R dR8 AAIdR 5304). 21 UGB Ardaul
AUl 2gadl usL ©. dell, 2uusl s¢l wslyl § Aggan A uwad s s Al qzaa
(sugs12814-morphological, 2etiBis-physiological, @ildslRs-behavioural) 8 % AaA d-il
(Faran (Fuai)Hl @Ad eal HIe i UgHir 5L Hie 410U 6i-ild 8, |l Srsal diol
Gelasiusly (evolutionary) Axu-l dloit olte [AsRid dul & 2 ={lFs A 2l e 8. well-u
oel Alddl SRy, G AARSIAL Wl siouy Ge (kangaroo rat) WRll- @dtdl dxs
3Rl A{l ldlRs 260 UERBAA (3 FHL wel Guleldl B) glrl Yol scHi A 8. d d-il




N
j) @aldaii-

Yol (urine)d Alg otiaai-ll axdl uL 414 8 dell d Gl Uelsil (excretory products)-l [Fistel
W welledl el UHRHL GualdL 53 69,

gell 2l arruladl dasl weildl Awdl uR g syRse HAA B 2l silF g1l Adl
wiell-l ey gaigal dxsl uslitl Glst audl (deep pits)l dlscudal 8. dxil (AR usiaRisAy]
419l (CAM-Crassulacean Acid Metabolism) 42l 4219 & % [Rai«ll A4 eFAA dHL welisil
olt, uvial 410y oi-td 8. Jedls s159182 (Opuntia) ¥l 201l crizuliil uall 42uad)l Adl—dil
3UldAR 48 25140 S U B-ustarisAnR s Au2L Usis gl WRYSL sl 2ud 8.

41 2ol sd (ARl At WRllaAl A dd Gwurl 2y galgdl g5t st 2 gl
Buidll 4AA & (%L idrt-il [(uH-Allen’s Rule s8¢t 8). delly a3dlil dld (seal) FaL ldy
Al auel cazil 1A 20{ld g 42 (blubber-e[Ru1e el A6(l) 4Ad & F GRusaAYs
(insulator) dal 23+l 2123 (2[35 G )R gasal s »ud 9.

Jeals uwdl 2etIlBls 2qsaAl 4 8 5 ¥ ddA deuasdl uRRAM (sidd) 0 @Rd
Ul 2usdiaal & 8. % 545 duqd SIS ay Gladau Got [l > 3500 ezl
afg-i-ledl WA Agdol ®ie (Rohtang Pass) el Al wdld ad dl dil Geoldl o=zl
(altitude sickness-GlALS Aoifid oful)-dl 2ay viqoia 4l sd. Goist (nausea), uslae
(fatigue) dal &yl HoislRL a4dl (heart paipitations) 9912 AU i1 oMl qaell €.
i 5180 2 o B 5 ay GRS HuAdl [BRARIML didlaely eoirt 2§l 8, Feil 518
AR el HilBuw qadl el g A3 ad s sanuqd asn (acclimatized-
walslid) ad ool A ddA Groldl ol Admadid edl wd. ddRl A AL wHAL
A 3l Aa 54 ? awig AR qd 3@ SN (red blood cells-25d580 ) Gawet awdlA,
(Raiodioil-l sit-gHdl (binding affinity) ®2ldld ddl Mu-AeHL Al s34 2oL
HilBuw{l Gualt maws (alauld) s2 8. Bl a4 QudHi x14s ynldil (tribes)
8 8. ad A w4l siel 3, awe Heiell [l WEdl dlsl 52l A wARldAIH AHIdA:
ald (82 sinl-l dva (3 ga [BHloalell) a4l sly €.

Wizl et uiellaAl, 2avARs uBAAL 2 d dao o4l % sty sl 20l (uisd-
narrow) Al AoAletHl Sreay Jd 20000 afl © (Melldl d 37°8). Ui Adl Y# DR
(2usloiszRui—archaebacteria) 48l & % 2124 wiall-l FA1L dal 2ug %5 Guatarfly Fusie ol
(vents) % %4l cluHist 100° ol UL QIR €l & cdl vior $a314 (flourish) 6. 21 3ol Ad wsy & ?

aefl weoelatl r21slest (efm gamea)-w wilellan welai ver ssusl [[s 0l 8 3
ol il Sl 94 sl wel 1A @ 8. duil dusit esyad s ¥d (4w yd-freezing)
sesid] aval 341 Ad qzau 528 7

L Wil 2ryssagll wellaiiel stns Aldail 21 el Herueir-l vot o Glsa 8
8 & ol £olRL 21 ALY dldiaRelly eoltat % 24081 %HlA UR wietdla gla dnl sl 100 219
Al €l 8. Al A1l woRea $45] AMdl €018l (crushing pressure) 4l 341 2ld 26 € 7 21
8 d2il 8¢ [QAlre Glus] 4ud & 72udl Acid 5B walaely WRRARMIML ‘At 1wl
FaARAARLS wsarlledl sty (Higs-fascinating) dlsasll (gu--array) suld 8.

Jedls @l diil yulazeMi ddl uRddHrl Al 531 M2 AldeiRs ades-l uaBul
gald 8. Al Rl Gl diudin el ol W2 At wiellail 2etlbls audl 4ud
8. vl aHdll Wil aRollall (desert lizards)Hi »oud g1y 8, Uid d ldellRs Guidl
(My[5a>il) g1 Wl AFRG diudi xsed R (2A0) Avdl AqaRaA 52 8. 2R did
Al ylArYsd Aot-[RAR (s &L Halel)dl 13 o 28 © R duil YAusIAAL dgsi-l



A\
AL A, el (\

Hirie HBll (bask) 2l G AU 52 B U 2R URHY (ARWAL-ambient) dluML d8dl
AL AR d Ol Al my 9. asll Al ol GuaHdl aRML (Gw)l siaai-gguial (hide) &
£9251 ol (escape) 12 WML € viedl (burrowing)«l &Hdl €ly .

13.2 adl (Populations)

13.2.1 a2l A[4AN @ael (Population Attributes)
ugland, 2uuRia 518w ol 2s AlEdold U (individuals)ti et ol o Wy 8; Al
il eudtl AR Ad [Asi widl ollolles [l AHEHL 28 8. w50l Aldl W2, eudllersl
3 sl (share or compete) 53 8, Hiduw-+ 53 8, AcRd Ad 2idAdd (FBaoadlu-
interbreed) €14 8 A 2L U1 Al drdl-dl AL 53 V. 9 AidM%AA Aot [RdDIUAAA
He YR B, Alouytril WRRUA 23U GeMddl Al AHer wel WRRARSY eqi-ul
S ML ALt Aell a3 Al 2Ud 8. Aorysd -l ol o eRaS wallil (cormorants),
ANAA qudledl wWdl Gel (abandoned dwelling), dr@lst-il ARLL 9&l (teakwood trees),
A UAHIAL 6152RUL el dolal $HoL 918l axclll Sedls Gelegll 8. G-I MW
ddl i ollval 91 dd 9di Ul AlEadld uwa A B % ¥ uRdldd vulae-l -l (cope) 53,
axcll 2R uglas wieoll gl SR qzsld [QsRd sad AAad iy ©. wuel, axdl
WRRAME 2 wRRARRa 2y Hewmd 8 8, sikRe 3 d wRRARA axdl a-{l-laen
(population genetics) - Ge[As1A (evolution) 18 A3 .

acll Al qaRll 4AA 8 % Al5Add AAHL €ldl Al. AlSAdld AWA ¥R B i Yy Ul
WH 8 4d arell ¥-34eR (birth rate) - Y4EeR (death rate) 4 8. ar{lul 2t £ s3: Ul @lsd
(e €ls-per capita) ¥+HeR 2rl Y4eR Gedritd 8, dal 2i e drel-l uedl-{l ALUA AV Yl
32512 (atq 3 ued) 2a3u uelld 54 8. 2l s Gelg U B. A 51§ donani wesdl aiui
SHOAL 20 918 Sl A UteL gl 8 Al 918 GHRUAL, FUL Al arell 28 A U B, dl 20Ul
=g 8/20 = 0.4 Al Ul s3a Ul al [Rauerell il s . 4 uElduouml s 40
sl (fruit flies)l drdldizdl 4 lEaoid sunlad salde 1550 A - -l dl 5 208
U3l eAMAA Y WA B, dll A AHY eARAA AcllHL YYER 4/40 = 0.1 @alsa0id ula sl
IR ECTIRITISTCTTRER TR

Qrell ofly [AfRre cat [ouauel (sex ratio) v2@ & «R & Hield UL 6. A[5dold Uwd R
wdl Hiel oiHid] 215 (either a male or a female) 89, U3, o drel+ (EoruauRL €1 8 (¥4 & axdl-l
60 % HEL £ 2 40 % R 8).

5165 UG AHA arell Y-y €l auril Alsaotd Adlnl Asl ol €ld 8. A dxdll e qu-
(A2l (2Ate 9y wadl ayga-l @l5dtd Al 2stal)-l 3uvil elami 2ud 89, d- uReuy
a3y ol AA qu (WS (age pyramid) séaud & (gl 13.4). addl Hie, au-RRuH

e

A UHHAY

HLEREE
Yd uy-HEH

(iR (azdl) 2l (ardl) gedl (axdl)

gl 13.4 1 Artaardl w2 a8 F3ue

AL A AYsd UAVHL AR 2L el aa-[ade eald 8. RRAMAHAL 2sR axdl- 9fsRal
(exsi-status) WIAUGIGIA 53 O : (a) 3 2 a4l €L &9, (b) AL B % (c) 4l €l 9.




eq st

Al se (Frawuraql d-l Rl (G 2w agje s€l 2 8. ardli 2uusll 29
worel o d YRRARSY wBad-l vl 3 dw s394, usl @md q ol alail wlHl
i wReuy id, wreiall-l uoud €ld 5 s aula (pesticide application)+{l 21 €1,
B A Yeuist Rul aell-il sel Udl S WRadsAL Aol (terms)ul ¥ 53 A
uglal, arelll seell S5 waL aai sueell el 2van 10 ol gl el (5165 ugL a¥l eyl
Aorysd L AGERUA ARA) F viot ¥ arR-AIHL (douadl sABB I ¥ ab 8.
Rl s¢, ayq dglAsl dd (technically) S dl Qkﬂaﬂ-’d.dl-population density (N+l
8 dils 2loiaid €9) 2 2ads AUl 3 ardld Wiot Qv Adxi o 2l AsiA. dM 9l
Qrellofluct (density) el ay dioy w1 GRIA i A A d-l ga vl o 8. Seas
Baurilul d Al €lu 8 vaal d-d Rl s34 1odd €l ). 51 urL [RRdRHL AL 200 5131
QA (UWR WWA-Parthenium hysterophorus)-l 618 6, Uid A ¥ [GRdRAL HEl AL
HR1dd $5d 2sq (Ao a29é (banyan tree) W 6, dl 3 58 U3 5 Uy L MHeL-l
AUa azga-l axcloflacdl vl o 2wl 9, ed I A WL qzga-l dlmar oyfist
(enormous role) AARIRAL GRAAR . il BRupIML, 251U3] 2191 (percent cover) %
¥4 (biomass) 3 dellril st A AAYEl WU B. A axdll vioL o [ €ld 2 d1RId
AL B 5 olRiddlMl af AHA AL AdL 6 dl d-l gat AvaL 2 A0l Au-iaal {1y s
(adoptable measure) <. o a2l wad yalaani WRBuH( xR ug A & al
Al oluct Mealg Adlvd Hiuq 54 & 75013, AssU WRRARSY A2l (investigations)
W2 (M08 (absolute) arcdlolladl onmtandl tagusdl €ldl dl; wla olAdl (relative
density)dl wel 24l G2 (S¢-purpose)-l Ul 53 4oy Ad Frwuaael s aad day 8.
¢eld (instance) Hi2, Ml WA CUYL-trap) €ls UssaHl vUddl Heel -l AvaL 2 donanl
arll g ardlofladig Wy wald Wus 8. 248l ardl@s dd (actually) dRIdl 4l QR 3
= %dl 912 uRle ld (indirectly) ddl-l se-ll il douddi{l 32 eudl Gusddl (obliged)
s3ad el puvRLl AU Gelel 24 e RaEHL el ardl-orRidll (census) “ell AR
el waai-l Rau-lall dur 1o su2sivil (fecal pellets) »UHIR WA 8.

13.2.2 axdlg(& (Population Growth)

518 ugL wlal e arele s¢ 21 RUR WUES (static parameter) H8ll. d AHA-AUHA oledld 8 8,

o ilel+(l Gualed, umael uend 2 [QulRd sami 2HdBid @y WReaon u 20181R A

. ardadl, Rclofladiil Adl 21 $35120 e adlHi g 4 2\ © d-l v ([QarR-idea)

2 8-3 4 o (arcllollact) adl €l 8 & udl €L 8. vilan 5129 515 weL @ Sy, uid 2uld

ANY e, 2004 [Rara, el oladl 4 AR Yaoyd UEURUHL 32512 dal- 5128

adcl-aedl 28 9. 21 AMIYL 6L (e el vidRUNIAREL) de{lollAclML AHIRL SeAUML dal 6l

(ycueR 2 ol L) dul weLdl scml 5100 200 8.

(i) ¥HER (Natality) : ARlMi 20A 32U e(Hui o4l (=1 WHdL Adl-l) 2
Avl dld Gedrid 8, ¥ U[ALs AL GHRL 53 9.

(i) YYER (Mortality) : 2004 A0 eLRU Al Yoyl (Y, wHdl uwdl-l)
Al B,

(iii) 2d:™UNUdQ (Tmmigration) : 2 % Al @lsaoid Al AvaL [QARRUML daiy 9,
% AU AHURUOUL eAHULA ey, o el [Fenal- (qudie )l el g 9,



UL M ARl

i RUN A8
O

1]

%'(:;Q "> aadbolaa |[T—— >

™

BIRESTIREL
(E)

sugld 13.5

(iv) “l2anidzel (Emigration) : axcll-l a2dl-l 2 Aval [QaRendl day 8 % 2l
AU Ml [Raai 918l ofle suis e oL 8,
aell, % t a4 Relolladt N6 @ t+ 1 a8 d-ll oladt N, | =N, + [(B+I)— (D + E)] 8.
dd GUR 2UE wHlsRML AS WSl 9L 5, A YH dAdl AL AvAL (+) 2idRAANUARA
Al Aval (B + 1) 2 Yy Wil Al vl (+) ofEaidRd udi-) val (D + E) 52l
qrIR €Y dl acdlofladl a4, AlRd d 82l 2. 0 WRRARMIE, o= 2 Yy 4 axdlofladid
21U Sl Alefl Herayel yRaol 8, oflod 6L uRAolL 5 [ARre WERAIML % Hewaysl 8 dy
1R8I SAUML 14 8. G188l dF A Faria-l axdl-ausdl sxgil dl o ol & (just being
colonized), dl axdlgleml #-4e2 sl idRANARD AWl $100 a4 lqWL (more
significantly) €lu €.
9lg-13-ul (Growth Models) : 9 arclll gl& 3u-dl 08 516 (AR 27 ol euviay Yoy
alld 3 uaulst (predictable pattern) e21d & ? 24148l >Rl Al M35 (unbridled) Hiridacdl
9l& dal d-il gl Gemadl axl (@ RFildd v 21 dell o %l gedHl Fel-yel adlil 24 o
us1? ad 3 9z ur 414l »ig8 (restraint) sld dl d W2 2wuell Prauri @weufs . axdlgla 3dl
A o vl asid d-u [l seid ugla waell 21560 sliaws vl asla gl
()  ¥eEUdisly th\ﬁ (Exponential Growth) : 515 axdl<l 216u8d 9(& (unimpeded
growth) H12 AALE 3 Ald (viiws 207 %oul)-{l Gualy 2ulldl d 2iams 8. 2ued
Ad, 13 M-l Al 5 Aldl 20491Rd €ld 9 R 635 old d-l vl glz
sl drll o Al AYRlusl vqetd saldl axdl 4ud 8, ¥d § A
(Darwin) 412 Wislas uieolldl d-ll Risid Rsudl gdl R Aadist s34 ed, R
2endisly 3 olififas el (geometric fashion)ii drdlale edl. % N se{l axdla,
el (ge Aval @ U Ul ulsa o=4) €ld dl b 30 dal Yy (Ul ulsd yy)
d Al 30 Mid Sl 2Ud B, AR s AHAAA™ t (dN/dE) ePau auIRl 5 sa1dl




.

dN

dt

eq st

A el 2l
dN/dt=(b—-d) x N
el WL 3 (b—d) =18, AR
dN/dt =N u4l.
2L Al v wslas 9lell xUdRs € (intrinsic rate of natural increase) s€ald €
dal dn adlgle uR S5 uRL F(as 3 w135 WRetl 2R (Mena)q 458l s2aL el vot
% HeTAYel HIUES HiralMl 2119 ©).

‘v el YRHIEL (magnitude) @A dHA €ldls vaIE 2l Geleel @YU ld-l
Ged (Norway rat) M2 ‘r’=0.015 € da dievl widl Adl Paid (d-si-flour beetle) H2
=012 8. 198141, Gt Hirtadrdl W2 T’ Hed 0.0205 ed. ddHit 7 Hed
Seq € d wl. d-l ol ue, anqd reR dal Yeye-dl uw sldl ¥332 ©.

GuR 2uddi 2dd A58 arell-l uEndisly 3 alifilas 9la oud agld &
(sl 13.6) dan 2R el arclafladl (N)L wmd (6l A0A 2udBid 53024 ¢laA R
afl sasfaa J2usieAl as 4 8, A dil yasid sa-t (il [akee ugld)dl uRRd
oL, dl d¥ ARAALSU glanl Asled azun {12 WML AetdL diredl wsl ol

N, =N, e"

=N N, =t a4 ugdl ardlofluc

N, = 24 138 axdloflaa

adlefladl (N) —

r = Mslds arindl AHidRs €2

e = Higlals agRIs-l 2R (2.71828)

AR Al uWRRAR2IML 28disle Ad gl wdl
1S ueL alcL 2Alesl AHAUL o vt o [Qua adlofludt Yl weial

W () Au 8. UEA eale] 3 erell ¥ A gla wad sl uat a-fl axdl-

A1l s L €lal YR § 2igU-L 2eua (absence of checks)Hl

weld13.6: axdlgleas Ruauo 2iva 3l wdiall a3 8. aeudisle A 9l s w2 e
(@) %R WAl qlen arell 3l {A sgudl Falel Wil & dn Auesld 8 YL 34

A s3cdl el R 2udv
2841diSlU 9. (b) 2UIR
ulBui glen ABd 18
QR VLAV AGUA 69,

(K) ceA-8HdL 9

(348l (dramatically demonstrate) (A2l «{12 38l @ls(iy ¥
245 (anecdote) Q{i(‘l“{l; 2

A9 Y4l U4 AdRY ] 24 (chess game) 4L K8l 4]
@il [QaA 42Addl A2, H4L g1l 4R S U9 4d (bet)
2dlsizal d4IR gdl. 141 HAds & 3 9 d @dl ¥4 al, d 4ot
els1s 4Gl €191 (wheat grains) Al §%98l, $ ¥l HioAl AdRYU Ye (chess board) UR
264 IR vietd] Avyl MG MUY LUH] A5 S8, TS ollon viLMl o, 2l vl
R il AL WU S BB Vil L U313 25 4 QG s8] uesed] Himuel] sl
sl 26l d uedletl v Y5l 89 5 vul Y4l A ¥ 64 vl HRAY L NY. AN
iyl @ridl 2 (seemingly silly bet) Wil dl4] 217 24 23 530, u3g d-u (An-iL)
gailouqe utumt odl Ayl ¢ @vy 3 4l wra 42l 5241 vor ¥ 44 sdl. A8 udal
vl A5 g8l sl A3l s 2 W] YA s 2Qd Ygld AgAR A
Uil AL GRl AL, YR AARY U YS YR WAL 2SHL vl AL L dl A2
AN Ay e dd wAsl (s19-dismay) wsdl 3 d-u Ayl Al Gula a4 ¥ 4G



UL M ARl

Asard MYl cwdlyl aluer o4l 64 vl oAl xyRal g9, €9 <t gAY
(Paramoecium) (A3 [QA11A ¥ s5d A5 lseao1d dvaud] 43 531 214 By (binary
fission) glU €35 [2ad d-il AvaiHi ool ARl 52 26 € dUl seul 521 5 64 [2alHl
v qedlse wayd wsuHl vl & A4 (mind-boggling) 4¢ ¥4l (U2 A & 3 w4ulled
LI Yl YUl Ugl Ud] 2E).

(ii)

Acey glg (Logistic Growth) : uslami 516 usl axdl-l wa eal
AHARd Al Al €ldl 3 Aeudisle 9la adl 2. d-l 5128 HulRd Aldl
W2 f5dotd Dl q42 ¢35 WA B, U, dudH AlEddld 1w
(fittest individual) @[Ad LA dAL U= 422 40 ALl ASIAA ULL 21
gslsd AHAS O A Hid Ardlglad qallRd sa w2 [QRR st
(restraints) elvid sl 8. usladl, 2uld Farirai (i) Wl ey
AGU, AvALAL WEAUINRL {2 Yl Aldl €l 8, d-uedl o a4l 9lg
dora Al A Faaul 3 ol w2 2 quled uslasl agaad-
carrying capacity (K) d3l3 el 2048l Hiel ad,

A6 uRl el aillRd Ald- 08 9le wadl adl a32idsl
4l glg-21ara (lag phase) eald 8, QIR ole drl A3 38Ul glg-iaa
(acceleration phase) ddl He g9lg-azal (deceleration phase) - ©ae
2l (vtridusll-asymptote) 9la-2Acaa>il 2ud 8, %R daclolladl d-l
Agrt-gHl Yl weizll ond 8 R axclofladl (N) 23y (1)+{l Ué 2uaid
sl d-l saglavl RUISS-S-usidl as 4o 8. 21 usR-l axdlglen
[age-ud deuey g(g-Verhulst-Pearl Logistic Growth (st 13.6) 58 8
2 A AL 581 g2l aslEd ©

B K—N
dN/dt =N K

ol N =taxd adlofludl
r = slds adRil AHidRs €2
K = dg-&¥dl (carrying capacity)
dier et uiel-adl2iH glg W2 Aldl (Aatddl) Hullzd (finite) & 4

et€ldl % usdlell 3ullRd (limiting sooner or later) 4l cliow €l 8. 1l Ay 9l
qiden ay ardlas {3 (realistic model) MiAalil »1d 6.

25121 ardloa] ¥l eud Hie wesdl 100 il axal>iisst 1561

s

531, d WA 520 2 A 520 5 58 9l cUd (pattern) il ¥yl ¥ Y &9 7

13.2.3 @a--griid [AldudwAl (Life History Variation)

el ¥ [Frenuzatdi 28 8 aui Wl Hedd uor-doady, ¥4 s doad (G
r yeu-{l doydl) weL sl 2d 8 d M2 [AsRid €ld 8. v usR-L wried(l eonan
aa, uwdl Gau sidea waHlfs uylsa ds s 82 8. Jedls uwdl dasl
DAASIAHL $5d 25 o AR UAMR 52 O - UAld HSRAPIRHL A He9edl 2 Al




eq st

(Pacific salmon fish and bamboo), 413 A= AWl Uldil DA e vel AR
UYL 53 69 = Hi2l GULl Yalil v A+l (most birds and mammals). $2¢1s 4gil AvUIHi
Al $eell Adlavil Geurt 53 8 - lu 2 a8 Heel2il (Oysters and pelagic
fishes) %12 2= ledl Avaidi Hiel se-il Adlail Geurt 53 69 - vallaill 244 At~ (birds
and mammals). d2l, HedH dRUdL M2 siRL $2944 © 7 WRRARIALL yud © § uwdl-l
@ar-griid daRl 2 dail ¥ FarRaAHl 28 8 d-l %[5 x4 w35 vesl gl dledl
2udd wlaoidl-l el [Qsfia wa 8. ([@ly waldliul @dad-gdid aasi-dl Gelasin
AL AHUML AN A Heayel Aol B 1A WRRARIEE g1 AglaHl sla 1Al 8,

13.2.4 4zl 2Aid(5a121 (Population Interactions)

9l ¥ yeel u2 5185 vial wslas Faed (@ [l ast ol 3 ol $5d 218 o Al auae

-l
-

€l ? 21q 51 Feauad 8 o AR 2 dell 2udl 5165 WRRAMR viseu-ly 8. 5165 wat wnla “ie,
YAdH 2AsdL s Ay Al © 5 ¥ d Wkl a5 4 Wb aquldolail waL dididl
Wils d old 8, uid dxil Asdl odl wasdl Aell; i sells gedld disal dal
2U516UAS WS drll AINRL HIZ el 2l il Yo @l dal %32 U3 8 A AR ugl,
well A6y qoR Ayl vALAYA] el 3dl Ad 50 7 d ue 8§ el wellail,
AUl 2 el A dl A0l W B A dl W] UF B, Ui FauHeld oi-laal We [alay
A AUl 53 B, YridH AHEHML UBL, BRI URUR Al AR (As@dAdIL 3
LA €14 8, dX 9ctl etl AR AdeuSH A Astdl <l

iddly vidBuzl (wuRs Budl) o gel-gel Azl axdl-dl 2«ial3u
(wraRs Bur)ell Gemd 8. d Buzdl s ald § ol el we acsidl, silfisrs 3
a2 (1 aesidl & 4 ellFsRs) €S u% 9. dsielns AldAFAL W2 A+ R, silFsiRs
2 ‘= e ddl dey W2 00 Rl Rl s3a 8. dl 01dl, stidandld stidBadiql
ol 254 uRBUHL U AR 302 (sies 13.1).
S8 13.1 : Al vidzaizil

nld A old B idFuril
+ + ALIUSIR Al (mutualism)
- - WAL (competition)
+ - YM&BL (predation)
+ - WU (parasitism)
+ 0 Asdl (commensalism)
- 0 Uldwd- (amensalism)

wsollon Al WRURS Brislmi-U€si Bl o salaid e 4y © 2
AHLHL oA A5 A B, YRAUD A A URMARL iUl 554 s o Al cleL Wy B
(250 WAUD] i, wElA) dal wruRs Bun ofl il (i aorHiq 2w RisR) we
AsASRS el O, Adl wruRs Bur § wul 21 aldd aet iy § 14 ofloon L dl et wiy
B3 A dl e, Al Al 5€ 8. 2uR ollw ouy, Waaul s Al el wn ®



A\

AWl A Al (\

w13 6l wld AU (AU A2RL) W 8, YL, YAUDd 2, ASHUFL AL AU~
s A (AL A 9 3, wRURs (Bul sataoll ldxil dmsdl 2isp18 o 8 9.

@

Y88l (Predation) @ 9 18 uqeid¥l auldl-d vuar e wel ¥ + ¢4 dl
)] awdl gt 2@ sl 2dd] A a4l Aot 4 wd 7 e dd
uglirll 2l 2ot [0l 251 61 3 FHL sl gl afid sl 20adl Gl G2
UiNS a2 2R 2 8. 2R 20Ul ueal xd Bk (Mas A elgd-
predator and prey) (a2 [l ¢l AR seld @l (tiger) 2 €W (deer)t
BELERBL ASH % BRI HAUHL S 8, Y 516w ollw wi-iR Asdl (sparrow)
ugl yeialdl gl Al dx 9di aduleid viataind welaid geusilsi
(ustel>il) L 30 viadl Ad adllsd sl 20d 8, uid dail euus WRRARS
Aealil ucieladl atl ol -yl

lns 2 Y Glod 2aidRet 5241 W12 oioL Hiol 22241 Ricuu, el s oflw
HeTayel oyl uRL e1od 8. dil sk Al Rl A 8. uid A ueialil
4 €l dl Rusonlaaii-l aadlofladl vor o atl? 4 d 2=n Fadanl 2R
(instability) 2udl 4. %13 515 ellollds Aol d2ells (A2l 2alail (exotic species)
Al 21e €9 ol doll 2A54Ss 45 Y O 2 Beudl FaS (MAUUAS) A% 9; 5181 5
s WA 4 (invaded land)i Al gecll ucial>il A2l gldl. 1920+ A32A1dML
212441 (Australia)Hi cladimi 196 S153LR (prickly pear cactus) il @lvil €523
U&~ (rangeland)4i Bsuall S5 dsitél (havoc) HA1ddl. 942, 515511 LR Ul
(315 U517, g&-moth ) d-ll Mslats i HiRlAUL cladidl el sl o ws4s
(invasive) $15312RA [RUBLd 53 asiuL. g[ﬁ"&g (agricultural pest)-iL [Fa1213
Ul 21ad F[as [Fase uglail (Biological control methods) s+ ardl
Fame s2ael wreellefl addl R 2utlRd 8. ueefl>il, wal sl (uds) Busie
Alerile{l a2 il dlsil 2l 30 518 el Ali-l [@lady saadl v
ugl Hee3uw 8. AHRSIAL MAld HeelRY (1L (American Pacific Coast)-il
wAAn (vssto-rocky) widrgalld (Mcdlysd-intertidal) [Acladl AXEIAIHI
19l s e AR (starfish pisaster) A5 Herayel umal 8. ualagou-l
BLEIR 5AUMUL LA 215 8oL UULIUL FULR 2150614 ALy doruiell il diiHiesel»il
g2 5L el dl AldRodld JUHLAL 5180 S5 Al % wyssdellaii-l ex sl uat
QIR el (g (extinct) &S LS.

A wcgll vier % awl sed (too efficient) ® dal drl BsiR-d tlaina
(overexploits) 53 & R ot{l A% & & (A1 (At A N 2 AUR lle -l Al
wilRLsL Aoiae] ueiall wat [Qgid as wal. 2L % SRS 5 gerdil el wowe
AM%EIR (prudent) 8. UIMERIAL Heta 9L sal Hi2 Bistd] vt [aldy azapt
(defenses) sncll el 5. Sl2sl 24 2851211 (insects and frogs)+{l S2¢lls wnlciil el
gl AdelSel v gl oiaal W wrHY d d{-cryptically coloured
(ial%tggd-camouﬂaged) Sld 89, Fedls RusRanlail 33 (poisonous) Sl 8 i gl
w1l dua 2wl & 8 % vitd el Hirls udBry (Monarch butterfly) d-tt 231241
(@glm 1ML gl 51281 d Wldirit uetall (uall) 2ue vl o 213452 (distasteful), »l2d




(i)

eq st

S e vl 8. e A, B 21 R0 Wil Suo-saa (32 Mar-caterpillar
stage )i B3 [Fellrl v8R gL Aud O,

aufanil Hie, geustdl wellail ueialail 9. ga slesi-l @l 25 % Fedl
lesi anufacisl (phytophagous) © (il d-zulal 24 24 arulAAlel 24 ML vy
8). atulavll W2 i AU A 53 el (severe) B, 518 5 duil du-il
el g2 euoll asal el FH F wellaal 2ug 30 wd 6. e Al
it AN w8 W2 wixdy-s (astonishing) [QARH cLEIALSREU 2 AAURLS
Areel Builaf RsRd 530 dldl . e Al Ak sual UsEY ALk si2l
(suan-Adcacia, AR-Cactus) . R{l adulail wiidl RAULL Bt 53 8 A AAS
uRl 53 69, U1 gRUSIRIAAL v © IR A oflMIR (sick) 53 8 6. ISR § WA
ARU8 (inhibit) 8, dx-l U+t ool (disrupt) 52 € & dde ALl (kill) gL «ivl 8. dd
BRLAIULS L €Y dal WdRl (A1 &sliMi-abandoned fields)Hi [FieBl 23U Glold 21581
(Calotropis) @4l . il 918 Ul I eeud Grl¥d s casiads (highly
poisonous cardiac glycosides) JA148L Gt 53 € A ALl S18L % 3l $A134 U8l 51
Acl ug 5 53 (browsing cattle or goats)h il a-iuldd Al AS -l €lu.
AR veldi-l cus @R % 20udl a-iufaiHid]l AuRs Q8L (commercial)
Fiesfid s34 ¢l (R5RA-nicotine, 3(+i-caffeine, (Fa-llS--quinine, @|sUS+i-
strychnine, 24 -opium 4d1). dxil d-uldil glal Gl 2 9. dRdaul il
R84l wellvilell sladl Hie- aRaelL 8.
44l (Competition) : 413 [ uglanl xR ue @a-AYY, (struggle for
existence) ¥ doddu{l PRl (survival of fittest) (A &l U Axdl 158l 59 e
3 5101 Gelasiu (organic evolution)Hi il ss18 215 Azl s (potent
force) ©. AU 2L MM 20 B 3, w4l AR % Y B 2AL A5+l Aoid
Al Ais % AL Aldl W2 €518 (ual) 52 0 ¥ WullRd B, uid d Ayeiudl WY
gl uedl did dl 20 9 3 A6iBd A €l ddl Al weL 2is %y Aldl Hi2 Wl 530
A O, ereld M2, ele ARSI Seals ¢l doudl (shallow south american
lakes)Hi Hellsid Adl 2Wolds Yool (ARLI-flamingo) i il eAs 2ual
Hi9elAL (resident fishes) d¥eil A1 wiLs Mellwast (zooplanktons) i dolaMl
il 53 9. 6l did W B 3 i Aldled HallRa €id viiaeus «ell; evao(l- uul
(interference competition)i, 215 %la-ll wikls Aai-fl sideadl (feeding efficiency)
6{le nlcill eviaysd 24 24445 8193l (interfering and inhibitory presence)<l 51281
qdl a5 8. Md 2 Aldl (Vs 24 ¥9ul-food and space) [AYd UL Gudsy €la.
adl, 2Hid 2s widl WBA3U W A ArvalBd 530 151 O 3 FHl w15 Al doudl
(alett widlRs e r - 2ddl ds uun) ol alasdl sl diaws Ad
(significantly) 82l 214 . MYIPLUOUHL $AUHL Hide UAIHL -l AvuHg(ld A0l
Medid 54 8, %9 3 20 (Gause) i oflo naloucis URRAQREA 53, 2212 Aldl
HalRd €, dl uHlens Ad Gau sl 8a2 ol Al g2 530 24 (competitively
superior species will eventurally eliminate the other species), U3 §EcML 1L U512+l
wHlcns ol[@¥s12 (exclusion) Wi+l YRual (evidence) dRal (MRilus «2fl didl. Seaus
Brusinl sl 2 dlsid uRRAlfe-1 widlBls yudal (strong and persuasive
circumstantial evidence) H9l dll 8. SAUAA 611 20431 B8 5120 (Abingdon
tortoise in Galapagos Island) il 532l @il olle 28 elasil o (g 4 ouwl,



AWl 2, 93l

(iii)

\

gulldl Ad o5l Hsdu ARAe&AL (greater browsing efficiency)-. 51281 .
uslami 2l aael oflat yudl ubials Wed (Rutldlad-competitive release) 8.
¢530 Gru Ala-dl g1 518l ¥ Al (@der -l oloil@s [l yad
Wil 1S oy 8, d sl udouds Ad g2 530 el ddl RdRa-lEdiR
“125ly A (dramatically) a1 a8, sidd-dl @agyHdl ax44000 (Connell’s
elegant field experiments) i Eﬁlitg PR RS TRV | UYade (rocky sea coast of
Scotland) u2 ¥i2L 244 4l 30U Gy ol-isa (Aédru-Balanus )<l sHidogau@ &4
yetladl 8 dal dd -l sirise (AARQU-Chathamalus ) d 8ot wadl €la.
AL A, AL S gRuetlil 2 adufail s351S g1 ay ulisa 2d
AWSLRS (adversely affected) &F3UU 8.

slu-ll s MY MU (Gause’s Competitive Exclusion Principle) L %glid
d %, As ¥ UsIR-AL Aldl W2 WHl seuaell 6 sl Asifd Al w-ddsio
(indefinitely) 34l w0 ]l usdl el & AeARAA (co-exist) YAl el 244
»d WHI3U (i (Gldrdl-inferior) lerl g 530 Bl 2uadl, Ad AR % w13
23 % 91 Aldl MU 82 -yl A8, 8l (AL af adid veqi 2 wudl 54
AUl (generalization)l At 5l Al QR Al uslanl 2iddla ul
gatrl MM Asidl Aol wel dail 24 drs i WA 8 3, bl Al sl
el 2l BailalB Rsfid 53 w43 8. o Faa (elssiz) R d-l ussifacn
Wetled U dl. el 25 Bailal AUld [@euy-’ (resource partitioning) €.
Gelewl di3, A 6 Al 25 % did He WL 52 O dl dil WIS HIS AUIA-E0L
AHY YAl A0l ARBLISAIL (foraging patterns) Uie 53 il ol 93 &, 34s
A3 (Mac Arthur) e & 25 o 318 U el geslail (UAR & 2gsuR uallil-
warblers)-l uix -@s-l Aoifid Azl wuldl oAl W2 wsn Wl A=A 98 W2
slesi-ll s dadl du-l wRe-ugainl daasiRs [l (behavioural
differences in foraging activities)ll 51381 A1&-118 2l wsl.
YAYDA (Parasitism) : M WA ¢l 3, @Al wRupdl usz (Ad) 2
2alrl 244 vatell Brevaio el vidl 20 9, (ensures free lodging and
meals) dl 21 224+ Al -l 3 uAuDan 2 a-ulaiiel as G el yvsdellil
Yl 2neen meu aollsellu el [Rsfid uy 8. s uAuwdlil 21 [@ARre 1xH-
(host-specific)<l 2la2il uHSL [AsRid 2dl © (A uudl & 24l 4oLl s5d
25 % Al U WAUDl Dan 3R B). 2L USIR YA i uAUDd] i A %
[AsRid wau ©; ved § o aoHld 2 WRAUDClHAL 21512 5l 3 ulasiR sl
(rejecting or resisting) ¥2-l vua Bulfal [AsRid 52 8 dl s ¥ ar Ald-l
AL us0 Yl Hi2, YRAUDA Al (amrl) BulaBa Frsn qar Biass
(counteract and neutralize) $2al 32+l BuilalB RsRid sl usdl. du-l @a-idl
(life style) 1434 uAuDdl2BL [@AAY wsa-dl [AsRid sal & Fau d %32 €y
dai ddgl »idn dlddl (loss of unnecessary sense organs), yori-el AlEl el
W delRy 1ol & Yusil €13l (presence of adhesive organs or suckers to cling
on to the host), WAl @y dal G2 Uyt-81¥dl (loss of digestive system and
high reproductive capacity). 4Audl+ @a-us «ell di Fed ¢l & Ful 215 & o
Y YUl & dlest (intermediate host or vectors) AMA €ld 8 % d-l WABLs
YL WRIUDURL (parasitisation)l YA (Als-facilitate) oi-ld 6. Mi-ladsd

.

4




(iv)

eq st

5B (AR wumdl- a trematode parasite) dril @a-AsA Y&l 52dl Hté 6 WY
Wm-ﬂ (allse auy 244 Hi9el-a snail and a fish) YR 4R AW . AR
YAuDdld oflon 4%Hidl U sdlal (MAUAL-spread) U2 AddAlEs (M2A9R-
mosquito )+l 2agisdl ¢ B, Hi2l cudLril WRIUDEH, 4L L5l ueiAl 8;
dxtl yoruit (uuil)Hl Garwl@dl (RiRwladi-survival), 9l& (growth) 24 W=~
(reproduction)di @2lél 531 A3 © daul d-l axdlolladid ue geldl as 8. dail
Yol WRS A s34 (physically weak) oiviiclld, ueiaRL w2 ay =y
(more vulnerable) oi-icdl a3 O. & ad 2Ag Wl ol 3, As 2wed uAuD4d]
(ideal parasite )2i, ¥4I il usldisu Ry glg wia qay aqd 642 7 R
u1slas el vuar dyel Ad suns125 (totally harmless) wluwdli-l [Asi
w1 4l 54l 7

qoist Al el AU U 2USIRY[L HIZ AHHR AvdL UAUD AL oL
AUl (ectoparasites) s€ld . df URg Gelew gl W % (lice)-l
A e SARAAL UR 6USHL (ticks) 6. il s el oial W] AHRatue
(S10ULSA-copepods ) gl HUWA ALY 8, 4244 (Cuscuta) 215 UMD d-1uld &
% AHLAd: AlS (hedge )4t Glatdl asizulail uz 9ls 53 8. Gelasin eBidir dnl ¢Rdge
2 uell (chlorophyll and leaves) 2picll €140 8. d 4L a-Ruldxie] d-f Wi Aad
8 % % dq uRuwdlug] 8. el 1269 WRIuDdl il suddl Aefl, du edi uy-s
W2 de 2w dlél-l ¥32 Ul 8. g di anadl ast ol 5w we ?

-l [Aedl, duRiumdl>il (endoparasites) Hdl € & F>il dHiL UWas
ARl (AR -l (dgd-liver, ¥Alis-kidney, 5i-lungs, cid 3B SiMl-red blood
cells @dl)2 W . du-l xcid (AR5 (extreme specialization)d 1381
AUl @adas voer % %4 (more complex) 8. d¥-l GUELSRSY
A iRAAALSY AR IBS A (greatly simplified) 8, 9dl du-{l WrAlsdan
oo A1, €9,

well2ilil 218 ulumast (brood parasitism) A WAUDdr WUE BelWL
(fascinating example) 8 3 ¥l uduwdl ual Wi S5l asl ax-L
(nest)™l Y& € irl 4AHLAA A §4i Aaq (incubate) & . Ggﬁstu—u[&m EICUIEN
WUl S5 s 2 2000wl Ssivll A v 20 H el wwenl Ssivl
A8 o RSB as . dl @orsiq wall gl Readla Ssia el steardl da swousisl
ax «llsoll oal el ds 2l 4 . dxl AL GaHl UgHBRg
(arict sl Al B-spring to summer) eARUI slue (cuckoo)-il AulcfalBil
AU 2 248 WAUD A Bu adl g2l
HSRHUF AL (Commensalism) : 21 Al HidAZU O 3 F3l s Al QW A4 O da
ol 2l A dl Sl 3 A dl det 2y 9. disusdl ol u uRA€l (epiphyte) a3
Goicdl 154 (orchid) 2 <det (whale)-{l Yls U2 aualz sl eliriset (barnacles)
SIYEL A1Y 8 WU iolel 9&n 2 «dde el s1S el udl 2. eloial (egret) i
ALl 4l UYL (grazing cattle) A@sdl visolladl 2 AsdlA (close
association)¥i & 8. % d® s IRl (AR (farmed rural areas)¥i 2L 691
dl il 2 224 Al HOdl, ASeUFAlL 2L Grin Gelswl 8. %l Uyl A2 8 d-l wal
% LAl WRLSMICL W2 € B 518 5 2R UYL AA (move) B AU BLSULA seld
(stir-up the vegetation) € - dHigll £l2sl 6te1R {154 € (flush out the insects) eidlal



UL 24, 93l

\))

25(A 13.7 1 222 9wt ol a2l udiusidl Ao « (a) Ml gL uABL
i@-YMU; (b) iR SUL oI gl HsaAl vdal 8

i glesiA vy 8, AlRdR aidufas Slesiq AWMl dal ussdl (to find and catch)
ololel M1 Yebd Al APyl ol Bele AYssA (sea anemone) ¥ vl Yatioll
(stinging tentacles) HAA & dal d-il a2 Wl 21 seddl sdlaq Hdl (clown
fish)l wRaulRs Buid O, wedld aygga gl weelidl 3a 2 8 5 %
wealladin, el Yariollel £2 AL B, AHggAA sdlad el Yo lal 9dl 518
Aol Al 11 g, g .
ARl (Mutualism) : 2 AidBul uuz Bul sdl ol ofaia del aiy
8. a3t (Lichens) ¥ §91 (Fungus) A+ U512:2454u81 53l dla 2 A14-sis2RuL
(cyanobacteria)-l a2~ dus Alusid Aol WAl 52 8. 20 % dAd §9L 21
G2, sl AUl 3o a2 sa540 (mycorrhizae) Al 6. §9L 2 o{l-inial
u[AAL924S WNS el QMR auladidl Hee 53 0 a1 olediml duld 21
sl GloA-GeuilRd 5[@1&.&5}3\2{ (energy-yielding carbohydrates) Y21 W €.
ASUSIRALAL Al wHeR 2 Gelasiuddl efea Hgs (dloumsu) Gelgel
(most spectacular and evolutionary fascinating examples) d2ulc-3Rll AoiHIHL
A ALY . AUl du-l Y YALLAUA (pollination) e dal ol [l
(dispersing) 12 MRl 32 U3 8. e d a4l ¥ Al (services)-l
g wellziell €ld B asl W2 52 (fees) dl Ysadl o Usdl. d-ulaxil yLelaLesl
(pollinators)l U1l A« 443 (pollen and nectar) dal o{l% [al3251 (dispersers)-i
RN A UNs $0 (juicy and nutritional fruits)dl A3UHL YRS AHAAL 52
(rewards or fees) 08l 52 8. uig UEIUSIRL Sl URUR AlMsIL datrl Bl &
£OULIRL AN Y4 (safeguarded against cheaters) Ul adl B, GelsRl dl3,
al MLl ¥ YAAUAHL ASI™AL 541 PR % He A1E Ad B, ¢ dd AS sl 9
5 aqule-well  wikulRs Bunial vel diz agiusiRlaidl aebelasia
(co-evolution of the mutualists) 2 H12 AHARA S 7 22A & Yoy 24 d-{l uAvLaLss
Alati-l Gelasin sollan A Haodiddl AAGL (tightly linked) 8. »i23 98
(fig tree)«{l mell 2laiui ®H3l (wasp)-il ulorass olaxil e 2sollanril Haoid
Aol & (sl 13.7). Vel e A D 3 516 2wl 20dd iR AN §5 drL wel
a3l ol g1t % wABL 48 A3 9, eI HL ofle nla gl <R, el sl sl
GuallalL et »i8FAuRL-oviposition (S5 Ysal-egg laying) W2 % 5l el uig




2ugla 13.8 : B Wi ur Hpuvll
s WLLALSS dld

eq st

sl 2ieR o (A5 uHdl ollo-l (el (larvae)-l WINEL M2 uBlL Guyial
£ 8. S8 sal W2 GBI 22+l dlH sl el A A YuReuAd
WAL 53 9. drll sAlMl 2R A dril 3eclls [Asudl olly- eyl
(st wisdl [Fedl 22 vis 248 9.

Wil adule 2yl aididl 2uadala sadl @lasa
(bewildering diversity) el & Fuidl =ell WAl wdAes Sles
(waHe{loll 21 eHRU-bees and bumblebees)d usd sdL W2
Rsfd 28 8 3 3 gl YMBA vudlydsd uwdL-dnL (ensure
guaranteed pollination) yd Ay (%tlé[& 13.8). ot 2AUES 4L YRS
Uelt Sl (offer reward) -el. R[S il5s (Mediterranean
orchid) 2 HuxIu{l-l 2alaxill glal YRRLHUA gl Hi2 [@ilsue
(sexual deceit)ll ASIRL & B, drll Yuuril edtuat-l s uivdl (petal),
5% (size), 291 (colour) dal [Mau{l»l (markings)4i Hiel HaHIb] 1A
ol % (4351 AL (uncanny resemblance) 4214 €. «2 H4HL{l dn

HieL A1 arll dg 2sMd A B daun ywusll 08 52340 (pseudo-copulation) §2 & et U
UBUL e 21 Wyl del YR AR A B, IR % Wil ofloa Yy ud seuy-
538 AR dstl AR wR el oy d-l uR WRdg WA 8 At 2 ust2 Yeurd wBid 53
8. AUl di A sl ol & weBelasin 3ol Ad [@AsRid vl A Gelasin el 516 wa
s12012l Hiel vl 201l 3RuRuEL (colour patterns) %5 UBL GleALS AU dl URLdLAUrA]
AL 8l oA, 2, i wu A el Wl A2 d-l uindl-) w2ddl Madal (maintain
the resemblance) A[AsRd iy O,

ARAN

walair-dl we dly, wWRRARIREL (ecology) A Al d¥Hril uaularel
§1F[@As (ellas-uAnulRs uRool) x4 s w2sl (2 oaldaxd) wd-dl
AsltlAl 001 8. d ¥adallFs A28 (biological organization)-l AR
AL Ao B : AWl drell, el A FaAlRAURL (biomes).

aludid, usie, wel A ol (o3) valazaidl Al Hewadi dlils
WReiwll (physical factors) 8 ¥+l U ADdl (Alq4 Us2 wsldd 2l 8.
A2dl gl 2l widRs walael (uuRA-homeostasis)+l suasil wd & %
Sred s1dl sl 510l 200 B, Ui WRad-lld el ulaRRIAL ALMHL §5
Sed1s o uwdl ([RaMsi-regulators) AMRAMR 2AMadl M2 AaH O FR ol
Al dH-l RS uulaRd i3 Faud 530 & 8 A $5d dHA
s U N V. 2ells 2wy Alaln ¥oulL (RUNIdRI-migration)Hl Al
AHY (AlwlHigi-aestivation, 2lldl-igi-hibernation dal g&ldlqwl-diapause)‘ii
ulcso uRRA0 oaal 12 sl [@Asfid s3A dla ®.

wislas wieoll (natural selection) gl2t Gelasiusla WRad- axdldar U2
Ay 8 A dedl axdl WRRERA A WRRERRA s Head da 8. axdl
A5 wel 2uld il lsadld awdl-l A3 (group of individual) & % HullRd
GLoNLS A Hl AML Alcdl (AAL8-ll-resources) HI2 GUAL UIY & wal WL 53



A\

Al 2 el (\

6. axcll %4e (birth rate) dal Y4eR (death rate), [oIUHIRL (sex ratio) -l du-[Adel
(age distribution) 4913 @&l (attributes) HAA € % A[5ddld AAML &l Sldl. axdlHi
A2 2 Mgl (Al aquyeld wu asll ai qd RIS dls elollds Ad udd a
8. drll R YAd B 5 9 Al el (stationary) 8, a4l 2l (growing) © & ©él ¢l
(declining) €.

adl w59 ual uReo-l uRRARSY ¢ (Uend) AU d-dl st (adl-
oflat)Hi ulalilBia a8, ¥ ol 2R (@AY d (Avd-numbers, Facii-biomass,
2513l 21aRel (percent cover) a2 )l sd 53 AsU B,

el oeH A vdRANIAWL (births and immigration)dl 48 & dul Yy A
ol[€2unid8l (deaths and emigration)dl 842 ©. U3 Aldl A4l €ld dl 9fs dAal
251U (exponential) €14 & Uiq ¥4I Ald GeAR (progressively) HullEd Adi oy
8 3 9l elld Al (logistic) U U 8. vinl llstdiMi 9% B2 (ultimately) walazelxl
qert-audiel Al 3 HallRd €l 8. wslas atdl 2idlRs ex-intrinsic rate of natural
increase (r) 51 Rdldl ala sl U~2nd QLB}l'j; YU (measure of the inherent
potential) €9.

sedul gel-gel Al adlil Fairan- (habitat)dl »iaoL el el g usll
d uuR [BuL (interact) 53 ©. 6L %Al a2 dcdl WRURS [BurAl (interactions)-il
uReus 2w WHi-competition (6inl lazil A 53 ), ueLaLl-predation A
URu®ari-parasitism (315 A Ao 2 6l A 52 8), Al dl-commensalism
(FUL s AM 21 6l BiavAs1Rs W 8), Uldwari-amensalism (A5 SUF 2
ofle Brauss 28 9) dal AusiRdl-mutualism (6l Azl d@leL 24 ©). YELELL
s ol o Herayel WEAL B F g1l WNRIGLA &R L (trophic energy transfer)
SAUAL ALAs0L A B A eals wealal disll RusiRazdlzil (prey populations)<t
Bt sl vee 52 8. adufaxiial grustdil (herbivorous)-l (G [alay oua
A15R50U A AR 28R BuilaBil (defenses mechanisms) [AsRid 531 dlHl &,
TR ﬁc\l; AU USIU B 3 Gy WS (superior competitor) A (M s (inferior
competitor)l g 53 vl & (RuHl eUl12 Rigid —the competitive exclusion principle),
wig aell sl Aol alin @y Gulfal fsRid 530 dd € 8, ¥ du-u
AsuReicd (co-existence)d AL oild B, uslanl AUSIRAU J2ews Al s
(30241 (fascinating cases) a-tRuld-uzlolales WRURS Bl A asy 9.

LAY
1 ellclcisel wel ypciaa 34l Ad gl © ?
2. % wRs el H{lsl well-i weellaul vl 2ud 8, d 9 d usdl wlad W’
W2 uaH el 7 A W2 A w MR AR ?
3. 2L el uwdl 45° Adl 4y i @lad €l asdl <Al Sedls yauwdl 100° A
Sl UL AR diui HR1ddl FariaHl 34l d of@ad 8 8 7 _
4. Aal aaei-l wel oiidl ¥ adlil gld uig AlEaoid Al gldl el E—
oAl AALdALSlY A atcdl axcdl 3 adui seul clatel A %Y B, dl d-l ArIRAAL AidRs €2
MLs?




10.

11.
12.

13.
14.

15.
16.

17.

eq st

Qi geugidlziil i werayel a1 BuuRBHL AL 2l
Ail5s anule 2ieu gadl wen uR Gl 2l 8. ik 2 Htiou-l ga il 21
WRMRs [Buid asiq dil 3l Ad s ?

% slesi-il Moit-ll Flas Frineugly wen el WRRARS Rigid 38 ?
{13l 922l dslad Al :

(a) Adligt 2 Al FHg

(b) oual Gl e Gl

s Y qull :

(2) A (Rl Gloidl) adruledl st welladinl Aqsa-l

(b) e e9ct (ULl 269ct) A, Uil vsErtl

() el enaglRs Aqsa-l

(d) aruladl e usag e

(e) UL Ul FA-249c{l AR el WRl>iAL el

(AlY x¥[As alazelld uRewil-l A€l sl

(AL W2 Gelsel L

(a) ic:Gw{ly sl

(b) cua-Gu{ly wellail

(c) el d@d oal Hodl a4l (Fdae uwdl)

aell i AYeId AR $3A.

“{lAAl AEl AR 5 2L e85 s-25 BElgW 2L

(a) Aoyl

(b) uAuDa~

(c) rsla

(d) A€UsIRA

(e) idrondlu wHl

BRI AWHFAERIA sl qeedll Aeue glaas (curve)d asiq 53,
AsY YAL 53 5 ¥ AU A3 Ad anend 9.

(a) s AWAA AM Ay D,

(b) 6irl AW AL WY 9.

(c) @5 Awad clol Ay 8, o1y A W el (ueuldd-not affected).
(d) s uwad cd Ay 9, ol U WA B (Ucildd-affected).
Al S8 ULl 2R Herayel [RANAAL QLD oilel 20 AHoAAL.




useL 14

[Rau-da
(Ecosystem)

14.1

14.2
14.3
14.4
14.5
14.6
14.7
14.8

[Fa-d—4¥-1l
21 41451

Geule sl

[qae

Qlod-uats
ylRRals1y Rl
wRlRAls1 27548
YINSUS8l
[Radila daiil

(FrarRidatd uglint 2is Buicts sl a3udl A asd 8, & ol
AWl A 56l Al wA 2AUAAL oiLl[ds uularel (physical
environment) A& UL YRR [BU1adl 53 8. [Rardatedl 251 218 il
donadl 4 [Qum @ad 3 HeiR YUl €1l ad 8. asu yRRA@E)
AUA DAL 218 AP (Rau-daL (global ecosystem) dild gl 69,
L yedlei ol o 21+s Faedol A Bid ad 8. el i dat ol
of [Qaue lanefl 215 o AHA WSALA AU 539 S 9. 212l 1eu1u]
SOl M2 d 6l dHReLd seupilil [[eulrd 53 @ny
(terrestrial) ¥+ &% (aquatic)Hl ~UHIBd saMl wid B, %Y
(forest), quIoy[4 (grassland) i 0L (desert) U0 (Rt
32dis GelsWl 9; dal dsud, AR, ydwdldd of% (wetland), el i
detirigyuil (estuary) wa% [Mau-dadl seals Gelsell 8. gl
(crop fields) 4 He9elaR (aquarium)d MiAaFd Fairdsil a3
ol wsiy B,

ugl Al uddi Fandatddl @ Ady, 34l Glaiuda
(Gawesdl), Gladd 2Uride (2UelRUmAlA9, Wns A14s8L) A
QAfisia ([Qaed dan Qoded) sHeg a2l wasla. il wa-
A 8L AsL (cycles), Uviell@il (chains), %0l (webs)rll oitl-,
uRL ASY & ¥ ol 2L Al AidRzieHL (inter relationship) ¥ddld 2L
GloA-mcuelril WRRIM AU AR~ UL B,



e

SEICEIG]

14.1 [Rada—=ia-1L 21 5184 (Ecosystem-Structure and Function)

uswL 13341, il waiareidl [y wesi—%las (biotic) i u%[As (abiotic) (A Ay, ai
woqlA 54 5, Al UsRAL F[as 2w qx[@s uRotol @dat d Asolrd daur du-i
YR uouldd 52 8. Aldl, ¢d UL L qesl ay Asld @ul ASU v 2 el
%, (MaRnidatel 2esiml Gloarl uate 3dl Ad wa 6.

a5 2 210545 w2si-l AidBavi-A WRouM @3y 218 cllfasasl Qs Wil ¥
g5 UsIRAL Mavda-dl cia®sdl 9. 215 [Faundadl adula 24 welaafaxi-l 2iav
aal AL d-ll il doisdd urdd 52 8. [ARY 2 Wal @Akt Al Gltda
[&dReL (vertical distribution) AZL$W (stratification) 5& €. GelE@L : g4l 2 FoIerL
udi2y, Glede 2, gl Rld 2 2 818 dal gol R 2 dlsadlal sl 8.

a2 i (AL Helvlid AHL dl AR [Faiddatnl o4l o desl w5 2wsH dily
PIDEISRARTLR

(i) GBcawesdl (productivity)

(i) [AEeA (decomposition)

(iii) wlsamas (energy flow) i

(iv) WIM$ A8 (nutrient cycling)

s wey [Maddadl uglad auoal, A6l 281 28 Al douasd Gelswl adx. i
w5 W @Y ]l 25U (self-sustainable unit) 2A AUEA Ad A Gelg@L © % s
yay (Madddaul adl sRa wUidABUpAl uer 1y 200 9. doua 3 ¢l uieil
(shallow water)j 22U 9 & FHL GuR UL [Ma-tdatnl 64l % AR YK 425l vol
o AR A Uelld w8, well 2 25 1[5 des & 3 FHL ot o wsiRs v s16is
yeldl gied 2dal 8 A doudadl dRd AR drdae WAl gz a8, Y- Qi
UA, dludlde s, Bau-dl 2all (uuou) 2 2y suollsasly WRRAL a4a
asuasil 518l eed a5 9. arruliwaasy, sedls dla 21 ddl 3 Fowe (gadl) aa
B2 Aa qadl adufail adi2 @iyl 825l gdl 1 8. H4sd d ddl 2= Al quae
52l wellast Guollsdld uARAa 52 8. $91, 6is2RuL 2 sl [Qauest © % v
53AA douanl d@d [Ayd wHRel € 8. 2 dat S5 Rl Radedatnl 3 A4 @diaaxdl
ol % 514l 2% 53 B, 2ed 3 @il gl - [&BReL GloA (radiant energy)-l Heedl
SRS drelld, SRS drldl 3uidR; w2l gl a2l Guellal (Mam); 3d
51615 uerdlle [Que-t (decomposition) ¥ w{l® 5381 (mineralization) 53| Uil g12L
Yet: GUAloL HI2 Al WL Hsd 54, UL d2iddle AR Ydde dd 28 B, G2 dlng
22 drg-ll Glode 2s419{l gt (unidirectional movement) dal UdldR@HL GWHL 243U dsdl
2wy (dissipation) it B2ldl (Uu-loss) wd .

14.2 GAg sdl (Productivity)

A ual Fariridatdl Buwalladr 214 2anluen W2 3AGloA-l Add MaA 2uHRMd ¥3RULd
8. UsLAAANR e Uil glal A5 AHA Ul 254 [ Gt Ul FAMIR
3 s16ifss veldl-l wou wals Gaugsdl (primary productivity) dil3 dlvdiRid 514

-

8. d Az (gm2) ¥ Gl (Kcal m2)-ll 23U Asd 514 B, Foueil Gewtest-l Hota
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-

Gwesdl (productivity) s& 8. d-l [A[A4 Rauddali-l Gauesdill qaql (uRvuuzl)
52l gm2 yr~! ¥ (Keal m™2) yroldl 2a30 eusd 53 asid 8. dd g4 walfis Gauesda
(gross primary production-GPP) i+ ardlas was Gaucsdl (net primary
production-NPP)Hi [Qoulrd 531 asid 8. usigRi=dNa el sielFis veldl-l
Gautendl €2 A A5 [Manddadl ga was Ganesdl 8. aulavil g sd wals
Beulgsclel Hi2l Guoll o2l AL GUalal Ay 9. sa WMy Ganesamial aux
gAML Al #21sl (R)1 suie s34, dl 3 airdlas wals Geuesdl (NPP) ©.

GPP — R = NPP
ardalas wals Gauesdl 1 [Avyuilal (gruetdlzl xd [qaest)ql auly
(Buatiol-consumption) 12 Gudaey gaala 9. [gdlus Beulesdl (secondary

productivity)d GUollsdlxil glal dal siellFis ueidlql Fulel 63 dl3 crvailid
PRIOR)

wafMs Goulesdl A Al (@Ml wdl adulaanfaxl v 2uilRa 9. (@l
Ul yalaelly s12sl, sl Gualth 2 a-ulaii-l UsiaRisaue-aHdl Y2 el
R AW 9, 2il, d (Al usRAL Raddainil g€l dld 8. AuA @aiaei-dl
alls ardl@s walis Gauesdl 2 seiRs ueldldl 2ield 170 Blaas a4 (4 aw-t)
wisMl 21d 9. ¥ U5, yeeldl AWl @2uedl 70 % UL HSIRAIRIRL glRL ASIAAL
(35124l) 9, dx i wBL X, (HeldPRL) -l Ballesdl s5d 55 Blu- 2n 8. 2o, ousl
el Ul ™ L o B, aw Ras wd HeruaRlql vl Gougsar el yvd
s1ei+l 4l 53l

14.3 (a2 (Decomposition)

d¥ selU AMRY S 5 AR Vgl Bioll dils Gedn sal 204 8. 518 § dil
%¥Re s16lMs sl (complex organic matter)d dlsaldl duy drll A& w3+l WAl
(301gU) elrllacidi Hee3u 8. 2 % UsIR, [@u2sl ¥Ra sy gl siei JELRUSS,
wiell A Wusl Fal uusielFs veldla [QalRd saumi vee3u o 8. 21 uBud [Que
(decomposition) 5& ©. a-RUQAL Yo AN Fal 3 wall, oie, Yl day el
Y 20y, 4L (fecal matter) AlRd-ti sl 21 Y wadvlu u2sl (detritus) o1 O,
3 2l (e w2l sl welel O, viauis, dlasl, vy, A-dusel (vidFuie) we
vil@sel 9313 [Raed-l WUl Hewayel A8l (steps) ©.

Yamallzil-detritivores (Fal 3 2Ral) Hd advly veldld Aidl-ldl seilui
Al (vRd $31) -l 8. 1 uBUL QWA (fragmentation) secid 8. Hlal
(leaching)-{l UBUL g2l Fdgled 51605 NS AL AU MdA WA & 2
vruaot ARl a3 Hadlid 4 oy O, clseRul 2 o1l GRAASL Yd addly u2sid
(detritus) A0 2516115 ueldlsl [@ue (degradation) 53 €. 1l UBUL uAA
(catabolism) &1y €.

W ellfg W B 3 [Auedil Guasd olfl o dotssIvl Yo wadNly Besl U AMIdR
WsAA Add el 2 8 (dugl 14.1). Awslus 2 vielwser uFai #Hlul
[Qaed et adl ¢ 8. A-dlusQ (humification) gll s oUe DL 2HS[R54Y
ugld (dark coloured amorphous substance)d (uiaL Wy . d A% (vUdR-humus)

~




/) OEIEEIR]

ol U2 Blole 25 ga
glegl 2 2y Wl

\ G Fzals WA 9.
Wi weldl 247 G-l

BUSIRZAUHL WA

—

w5 dld ust
ol 42 43 8

591 i o152 [RuL g1
gl 2A4ifs A Guediol
5UL B, dil t&cu-i SEL
oIl 5431 oA B

Jadis Wins del
B ulEuL gl
ol Hlae Wil 8

IR uedl el
os2lRul, W, $ddl, o
QA3 gl [Geed wd 8

[ slo1 55 veldluoR

oy

)

25 14.1 : 20 Fad-tdaal [Raed 25 uild Fgus

sy 8 ¥ Y& @RS (microbial) (il 32 vet % Uldus e“m 8 dal d- [dae-
fagx HlHe e Al 52 9. sldd (colloidal) ug[& Slald 51281 o WiMSiAL AU
(reservoir) dl3 sl 53 ©. A (humus) 5ol J2als Yewdl gl Qued Wil &
A wsielFs WS 4o 52 O % vl (mineralization) a3 ividl uBut
gGIRL Ay 69,

@aed 2 vor o iRy aws i Adl s uBu 8. [Qued-dl 2 yd
A4 q2sl 2 valaelld S50l AR Aue-l gl FEBid €l 8. s AissA
wlaelly uRRERML 20 Yd 2qdqld vesl [odld 2 sISRAueR dlu Al
Raedrdl g2 vol o Hdl €ld 8 A % yd 2y qesl AUS% dal ASA Fal
egled UeldlAOR €l AR d ol o Ul Slu B, diumid A ol Aoy vl o
Yerarl yulareld 512510 8 % Bl yiwdidl Bud ur dudl 2 gl [@uends
st 53 8. ¢80 (warm) 2im Ayysd (BUsdlysd-moist) dlarRl [Qaed W2 w50
0. WU Y AUMLL el MRS DAt (anaerobiosis) (A8 1Al 9 d-l uReun
AU SRS gl GLR Y B,

14.4 Qoa-uaug (AEduas-Energy Flow)

Gl AYsril AUl [(Fanidat (hydro-thermal ecosystem) [Ratd yedl u-l o4l
Fasdoll W2 alFd-dl vatedl sisHol dld 3d % 9. 2iud AR [@ABWHAL 50 %
sl ual 9t cwdtl usia ustaizadly alu (Al3@ (photosynthetically active
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radiation-PAR)4i WRd 6. 21udl el ¢l 3, arulaxil 24 usiaisayl eis2Rul
(Radullil) 0 2seiRs el vl oiadinl Y-l @BwL Gt 2uq 52 8.
AUl Hiol 2-10 % Ms1aAsANlY AU [RB2 (PAR) ARl 53 © 217 24 Glad+{l sl
WL o AU A (A 2sidl vl 8. wuell, d Nn8ig vel o Hetad © F aruldil gL
A 5AAe AREA 25 Aol [RY awdl Hsd 3l Ad uuld i 8. sl %
AWl dHAL IR M2 UMa 5 ua Ad Geawlesl U MR AN O, ¥l dR Y2l 9L 3
Blo-ll nas Yduidl Gawesl des 2wl Guellsanll drs slelly €lu 8. & 2uw
Gu1alas] (Thermodynamics) <l ¥44 (44 Qg a1y & 7

BuRid [Maitdat 20 Gupoifasie ol Fuxel Ysd el %330 24840l AANRL 32
Al Add Glod Howdl 2laus €ld O ¥ dlf atdl-odl sieadraiud AR Aslid siiugli
G121 A (counteract the universal tendency toward increasing disorderliness) 531 3.

Farddotdi dldl anufid Geulesl (producers) $&dldi »1d 9. WAy
(e, Wl (herbaceous) 1y st¥ld (woody) a-iufaxil Hvu Gewest 9. 3 ¥
usl, ¥y [Aad-datvl adfawaast, dla sqd gy adufaziidl @Ry el
Geulest €.

d¥d AeRYMA (food chains) dul 2URANN (food webs) (A9l iy & & il
ugletl xR 41A 8. afall (Bauest)dl et adl 2usRUMAL dal 2UsRUA
wdl Ad oddl €l 8 & uds wellpusk (vUs) e S8 aruld v 5 a2y wel w2
SR AW O e stecdlHl d 515 oflo Hizril 28R ot 8. 21 YRR widFelrdl
(interdependency)-il 51281 vl 5 ol AL Y B, 515 URL AW glL AL SAUHL
ddl Glod dii dal W2 AR Wl dl. Gewest gl AgsL sl 2uddl Gl
GuollsclziHia]l YR 4y 6 2Hadl dl d ALl Yot WH B, 25 Al Yoyl Yo Hadyy
g2si-l HgRgvAl dal 2USRANAAL A3 WY D,

ol MRl dunl 2wl ¥3Ruld e (Mg 5 ua Ad) atulavil Y 2R
AN V. 20l Al GUMISAIL (consumers) seclld © 3 Quainladl (wulladl) el
sdald B, % dvll el M2 Ganesl 3 aqufl ur Mol i culd dxid wabis
Guollsdizil (primary consumers) s€<ld € s %l WRl (ABLS Guelisdlil) & Fil
a2zl (3 duel Gadiee)d vud © ddiq ol Wil vy 8 dud Bdlus Guelisdizil
(secondary consumers) s8ald 6. UL UsIL ddlds Guollsdldl vl €S as 8. RRite
walis Guellsaizil geustdl (usisidl-herbivores) €18 A3, w0 FMau-daiul £lesi,
wallail dal ddl A w4y [Fauddaanl Yesin wellal (molluses) S2dls UM
dRUEIZIML €U 9.

Guellsdlzl & i, 2L gRUSIZl2LAL H8IR 53 69 dil MRl (carnivores) €14
8 du was izl (Bdlus Guelisdaipil) sdéd voy o Aoy 8. 3 el ¥ 28R
W2 walBs {2l v 2 ud 8 dud [@dlas w2 (secondary
carnivores) 243U HERA 54 B, A 0 A 2LE1RYMAL (grazing food chain-GFC)

el 1A stctiacitml 2udl € :
o ——--- » ol —==-=-- P e - - >
(Bewies) (alis Guellsdl) ([Bclus Guetisdl)

~
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Y 2aflu (ge4) 2u8RYMAL (Detritus Food Chain-DFC) Y s1ilts
sellell 23 wa B, d [Quesi-l oddl €la § § w2l QuHil Awdl 8, dil Yuud
£91 2 Ci52RUL B, A2l Yo sAFs gl § yd waddld v2si-l [@aed (disa-
degrading) gLl %33l Glod 3 dimel Had 9. did ﬁd’-ﬁ'bnlril (saprotrophs) a3
weL vl »1d 9 (sapro = Yd : to decompose = [Que 539). [Auesl was
GRAASL AlAd 53 B F Yo 3 A5l Uil A0 x1s16URS ygleldl 323 8, AR olle
Al diel % gL Al darii 2ud 8.

Q% [Fa-dstil A4 2ugRgmAL, Glaials W2 e Wl (uHs) 8. d-l
(a6, 220 Ma-doil 2304 2eRPMAL 52l Yd 2sRYvAl g1 4Rl 4 Gl
Nt A 9. Yo lRPMAl S2als 2R A HgiRgval A Al wsH 8; Yd
ULIRYMALAL F2ells Al AU 2gRPMAAL MR B (gd-prey) -l wd
8 dal 25 1uBLs (Rau-idat (natural ecosystem)Hi del, 519181 4313 Fai d2ais el
udegl (omnivores) €l 8. L WERYUAR]L MRS 2idRAM s 2USRAWNNL
Pl 82 8. ad Hira9tad 34l 2d qollsa s2al ?

ADAIAL 2y DL AL ULSIRAGIHAL 23 A ARl uRU 3 uxoHl
ALS5A WU WH O, Al WNBL 3 VLS Ald YR 2UHRA, 6Ul ADdl BU8IR-
vl 2155 @ A& © ¥ AUl WNSAAR (trophic level) dl3 2oruiaui 214
0. Geulest ¥ UAH UNSRAR, grusRlal (3nafts Guelisaiuil) Bdlas Wusd 24
iR ([Bcdlas Guellsdlail) gdlas Winsad? wdlid 8 (pusla 14.2).

Bergel

aclus A WNsAR W, Rig
Buelisdl (G2 Hiusilil)

Rellus qella s efldl, Heoell»il
Guoilsdl (MiRueRl>il) P ERCES
waMs [Bclla winsdR welwas, dldlens
Guellsdl (qeustlil) i, Uy
walis UUH LINSAR asulcneas, gt
Bewles (artufaiil) 2 gail

25l 14.2 : FaRinidotil Wi il Fzua



[Randat

ey

2l 1AL Heasll Y sl Fell 9 3 wsBid sl G-l Hsi
() gedl 2y 6. 2R S1S APl Yy WA B AR dull Yd vadily
225l & Yd FARML 32U 04 B % [Amesl W2 Gl s Aldd s 82
8. €35 UNsdR uwdl ddrll Qo+l 2iaisdl W2 du-udl Mt s
UR LR AN B,

£35 UMK A5 Alssy UMY @dd ysldi-l sedls %l 4Ad © dd
WYL Uls (standing crop) sScld . MW UisA Al el (FAMUR) 3
w5 [BrARML du-l Aval gl Wl astd 9. w15 %Al FaMiRA d-l die
5 Y% a%+ (fresh or dry weight)-l 20el3l 2A[Bdsd sl 2d 6,
FAGURL, HIUA detl Yo% A%l A d Vol % GRA 9. W =2 ?

A4 2P vedl sl qval Hailld €la 8 A usk G-
Ualge 2AAUARL 10 % e €11 & - 2ed & €5 [t Winseimigl] d-uel
e WMsdR U WL 10 % o Glod waul®ct ad 6. usledl, suar asuo
Al Aetarit Ml B - FHE AU ugRYUAMHL Beuesl, geueill,
wals qiuelxl, Bdlas diwedlzl R (pugld 14.3). ¢ a4 QR
a8l 6l 3, yd AsiRgveHi 2udl ¢ dlunalsr iy ?

N HINSRAR By Wusedz gl sz
Beutesl wals Guolisdal  [adly Guellsdl

_ _ : (el adaulaizil) @ (quuestdlail) (Miau1lil)

Al UlNsa
gllus Guollsdl
(G2 HiusIlil)

wigla 14.3 : AR Wusaal Godudie

14.5 uRRalafu [RAMA (Ecological Pyramids)

dfl [RGB 205l AsA WRRA sl RARHL Wl (UaR) vl
Sl © 2 d 2% ([AvR) ds Aisdl Udl 2 9. (A6 Winsdisl Md dd
AL IR 5 Glod Al Aol A5 5 ARl dHA AR 2512 AvL
o Hodl, 0], 2L AsiA AvUL, Faeu ¥ Gl (AlE)-L WEHL s 530




aa[dsti

A5 B, Geulesl 3 uad WNsdR €5 [MRBSU wad wlaffa 2 8. suR
gclas 3 G2 2zl Guedldlladl d-l 2lad uldffa 2 6.

A8 WS-l URRAMCSY RRABE 5 FHtl At d 240410 5141 Ud 6
(a) Avall (MBS (pyramid of number) (b) Facu-l AR  (pyramid of
biomass) 9 (c) G-t (MRUBS (pyramid of energy). [rdd sl w2 2usla
14.4 (a), (b), (c) 2AL (d) %il.

(NEENEY [Fddd aal-l vl
TC (gcllus Guetlsdl) 3

SC ([2cdlus Gualisdl) 3,54,000

PC (ualfis Guetisdl) 7,08,000

PP (snalis Gowes) 5,842,000

w5l 14.4 () : gROYM Rl vl RUFL, 4016191 60 et (6 millions) Feell arzuldiii
Beuted U R Fadiridatuid A sl 3ot 3 G saunL il 8

WNSRAR s A% (kg m2)
TC 1.5
SC 1
PC 37
PP 809

50 14.4 (b) : G2 UINs 2R FaUHL dlst B21dl ealadl Facu-dl Ry

PC 21

PP 4

w5(d 14.4 (0) : wwlraasl eus Rad (Radl) uisd uudd sdL asiuldwad sl
el (R wisil gaciuz-l 208ladl (GQladl) Rk
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TC 10]
SC 100]
PC 1000J
PP 10,000 J

JausaL 1,000,000 A

(\

vigld 14.4(d): Qlo-ll 15 uesl DR, % AdlB 520 % wulis Ganesl 4 usami diel 12 Guasd Glai-l s5d

1% % Aol cidls waBis Geuig (NPP)HL uRaldd 53 6

GloAuMLEL, FAMIR & vzl SIS el QRIdTIHL WNSAY AL 6Lt <L
AHAA 520l ASH. % 2UUBL SIS UBL UINSdR AL $5d AlSLs % AlFAdld Al
ARLATIHL AL dl ALUBIL GIRL SAUML 2Ude 51wl AHI={52WL (generalization)
WY AR A, sA18 A Alsddd AP s o AL VKA A Sl AR
WNSAAML Al HOL 8. 248 2L Ay AL AvG ATA § UNRAR 2
(Buicis 2dR (functional level)d UlMfBica 53 6, & 5 2udl 41 alad. 2wl
e, 215 % AHA 2 % [RAUAdAHL 215 $dl At WML BulRad 4 b 8
Bergrl a3y, s Asd)l (sparrow) ZUIR 6fley, $0 daL Q2181 W 8 AR d waAlis
Buollsdl 8 U 212 o Sl2sl (insects) i §(H¥1L (worms) vud 8 AR d [dlus
Guellsdl ¢lu 8. g ad A (G2 2ud] asl 6l 5 25 ASRYUAH] g™ Sedl
YinseaRia Baeld sig a3 ?

Wizl ool Man-dslal, Avaiedl, Faeiedl 2 Glodl oui BB A{ul
€ld 9, 2ed 3 Gaulesl AvuIHL A FAMIRHL dRUSIRIAAL Sl QI €U © i 1
o d geusIdl AvUIHL A FAGUHL MU 5l A €ld 8. 2L USR
(Rt Wlnsac? Glodedl 3ol éRall G2 NSl St Ay €ld 8.

L AHISWHL S2ells wuAlel (exceptions) €9; A dd 25 Hi2l 9& W
LR WS 2HIR AvdL Slesil vl amiddl 530 dl duA Sar usil R
vl 7 ed ML A AL £l2sl wR Mo Redi Al weflail Aval GRRL 2 Al
ALl 530 2l WA Slecial Al uelzil ux Mol edi Hiel uallaii-l awid?l
530, 8 dMe U Al AvAL (L5 AU151R IR,

Al Facu Al [RGB el wH-udl wdladl (Bae-inverted) €ld 8, s128L
3 queoelpildl FacuR aduldast (phytoplanktons)«l sl viol % AR €4 8. ¥
il A5 [QRl4euy a4l 7 a¥d d 34l Ad aqwmaqal 7

Glod-i [RGB édal Qedadl (la-upright) ¥ €la 8, s34 Glaal asy il
SIBL 3 U w5 AssA sl ol Wasdl Glod ualdd wd 8 U €35
dotss 32dls Glad Azl ¢aal o 8. Glod ML €35 adot (bar) 2uld
AHUAL 3 Al Ul 2sH [RARML £35 WNsAR 6122 8 G-l Mol 3 8.



)

SEICEIG]

2efl, WRERARSNY AR S2els A Halelil (limitations) 9, F43
[RAGLHL el uRL afaiiel aHd s & 5 #2060 3 6L sl ad WHsARL Al
A6 €l dd 2Ll ddidl Al deel 25 0 ARIHAL AU O B
uglad sel wal 2lRdc Aol €lg; il 2gRnandl axda adl el el uel auR,
Ydlumdl (saprophytes)il [Fadatul Hewasdl ofst od 8, o9dl uaL wRRAkSY
RRAGLAHL AxAL SUS 2 20l 2 2.

14.6 wlRRalaslu i5H8L (Ecological Succession)

d® UsR0L 1341 acll dal -l cd@sdizi 2 yalaa ud-dl dxsl wfaBa
(response) A1 Ul UABU 3al us1R W AlEadd ulaBuel gel w3 8 d-l
woxIA 54l e Al U8 AHAsl Al alael uA-A ol waBu-l v
WAL (aspects) duldl.

ot A%l Herayel alaisdl 2 8 3, yalazeddl sedldl uRRARAAL a8
AUl 64128 (composition) A4 AL (structure)di Add URdd- ud W H. L
uRad- dellotg A s4otg (orderly and sequential) dal lifas wdlaRMi Udi
53512 AR B, ], 2L USRAL 32812, Ba2 s dlL A Rl 52 9, %
wulazel AL Aqdd (equilibrium)<l <25 €ld © d-d AN AN (climax
community) $&UMl U 8. U QAL 2AlAAL GHIRBML Udl $M90: 244 T sy
dal 814 wlkRalasla Vi 5HRL (ecological succession) 58 69, U FHEL
e Sedls Al F-d [RRdRML quedl 1F O A ddsfl axdl gell Avaml
ayal Wi 9 sl Al ol szl axdl aedl 7y © 2w w12 4 nu 9.

AL AHA $H F A [RcAE us0dyds qsfid Dd WRalld ad 8 aq
$U15 (sere) s& 0. afSadld uRAdAlA AHeldld $45l 2l (seral stages) &
s451 AN (seral communities) 8L 1A . AsPd sH5L wRABNUL, 1D~
oAl Ritdini, ol 244 Al AvaiHl adil 214 d-{l 1A 6 Facui auRl
yal ¥ai WRad-l w 8.

Rl Madad Aud, qdl 42 @ad-dl aziid 48 e, dvl avidl
BsHRLAL WRRIA 243U AL 8. Ardls Ad 2gsul A Bosild A F-d uHA
AU UBUAL ed).

e, s s vidl UBAL O 3 ¥ WU d A WA B Al 5SS Al €l
Aol ual 516 dl [RAR 3 ol s4R4 uL 5SS udld wRde A W\ €A,
Gewsel dd viedl vss (bare rock) & SIS 2al (B 3 Ul uedl 541385 UuDdl
VRAUL Sl UL SIS USIL AL oML ¥ A upAL €l uddld WAl wgsun
(primary succession) $& € %3 ofload [Bcllus 1548l (secondary succession)
PRETETRERTE RN )

Wiy 2smel 2l wd 6 dol [@QRaRiAL Gelgell @ Adl 54l Widl el (cooled
lava), vicdl viss, Adul¥d dond 3 ooy ad 8. dal Flas Aol -l uEa
gell Hldl ¢iu 8. [k uwdidl Flas Axl AL 2y A uddl, i ol ¢idl
Blcgus 8. UL Bollsal U AR, vicdl vds U sugu gl Rl wslas
B A1z €220 Qul @dl 9.
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Rllas 2isael vial @aid a3 2 8 3, oul wslkis Flas wua Qe e €y -
FHy yeiugl cumddl wdlaws ol (abandoned farm land), A0l 2dal 3 sl divial
oolell (burned or cut forest), Y&l UGU[Ad ¥l a3 8. Fell 5304, Jedlls Wl § naAlE~
(sediment) i €12 €14 8. RBcllas 2isHa-l Bl walis viqsHel sl Bl €ld 8.

WRERARSA wesmai qsiq A-Ad: aRulds a3l uRad wR e 3(Ed 52 8.
o), aulis A uRad [@lan usi el W2 viiaus dul 2uaEra- deufdd 52
8. well, Fu-%H ALsH Bul 201 all 8 -y wellvi-l Aval 2 w5 duy [Ques
gL leel 9.

SIS uel uuy elhal wals wd [Gdlas sigsusid gedl 3 wdanlRd wda
(2101, artritel, Q91R) gl 2rsHRLAl ALssA 515 v d Uddi-l 2l deteld 53 wsi
8. 2ial UsR-l vddidl Al «dl Rl Fuln Wi © 3 Ful dedls Adl anlaiia Qs
WHal UiRSA 1oL 8 i vy 2l sdlildd 5 vril (discourage or eliminate) 4 €.

14.6.1 a-iuldllg w1454 (Succession of Plants)

AABLs Marradl (2ua)-l usl u 20nld - od d well €l (3 vor o ofl-t [@dqRl) 3
uol o o5 [ARcIRL €l - aruldll xsiet xdsi ¥a-2u3edl (hydrarch) 5 es-2u2edl
(xerarch) sdaly 8. YQ-2UIGH A4sHA (hydrarch succession) Vol % st [AeRlul
2y, 8 dul v ARl wefly (hydric)xiddl AsMd 1y gd WRRAIL (mesic) dg L
afl 8. vi-uyl [‘clg;a, @b&-ﬂliﬁﬂ ULSHBL (xerarch succession) S [BRAIRHL €ld & dal d
sl A8l @eldl (xeric)idl AsMd 1 g URRARIL (mesic) dRs (s Wi 8. 21y,
FA-HURC v Yrs-2URe{l ol viesHAL A Wy ¥ WRRAIL (mesic) drs elud & - &
3 Qa9 (@) dan A dl voer o Aoy (Fanon) WRRARL drs.

AL, ¥ vical [l UR AsMd A O dd 2uus 2l (Wl «ld-pioneer species)
sSMl A B, A Nl AdEA vgsl U AR WS Rl 520, § ¥ viss [Uotoual
(Alo10uaL) 12 SRS Al 5l AHH €1 D 2l HUsUA (weathering) L MBFHHEL (soil
formation)Hl Aglus oA . 1R Ul d [Z2iofllail el vt o Al adulail et [@siri-l
Hol el 8, 3 Fil ol 269l HouMi Rl dldiedl usss sl Al s 9, axu-l w0l
HEL el gl ASAAUYAS dHg AL A 8 i ugdl Jeells ay Hail olle vid s
221l 23R (stable climax) axt31% (forest community) (iR WA 6. ol Y walazal
oeclld el b Yl A AMARAL AW ailol uHY W Al 8 S, uuudl WA wsielde
(xerophytic) aualz YlelMe (mesophytic) dudleHl a1 Ay 8.

wellHl By sigsHadl, Al adulnaast waidl il ¢l 8, 3 Fuil 1y wdl
Yol Feuad asulazil (rooted-submerged plants) g1t WlciRalid i 6 dal 3sd 2Ad
dRell a-uladl (free-floating plants) g1t =l Al qadl ddl 2ugd oflgtudail
(rooted-floating angiosperms) U[RAMUd A4 6. AR 6lle -5 UL (reed-swamp),
iy, oLl ol (marsh-meadow), BLI-BHRAHL AHaUL (scrub) i 2id gail Uldenfid _
1Y, 6, oL % IR ULl AHUARUL AHELY 16 AS B, AHU-(l WA YURIASAUIA (water body) — E——
2 Ny (Fariidl WRaldd as u & (2usla 14.5).

Rellus 2usumnl 2nlad 2usuel, ol Ral, well-l Gualch, ualaa auy ofly 3 dui



/) 2a sl

arifaeas U SRl (HR54-1941)
(2) o

(d

(FHe a-uldnqael gy Hy ol gl - al
(b) Aell el

[H3tont 45t drell ariuldaiaral HL-HRAHU AR

%N
(2

25l 14.5 ¢ walis viqsuerd Wild Faus

AL 2wy UigA (propagules) U FUHRA 1y 6. A3 udddl o AUl VR S1AR €1y B,
Wl viesHBLl €2 vl % BUl €l 8, el AL UBL voL % dRd I Uit 4 AU 8.

AU HIE 2 HeTar 8 F pirsHeL, B ST WAL 25U 28 ve I uBu B,
B uHIaRAUL Y wslual Wiz 581 g3l il AWl 8. ofly Herard A (ded) A B § o1
sHel, MA A WRlHL 11 & oA U, s % AL UK AHIARAL ALY A HHH Fd-
YRR (mesic) ds 2210 aBl 8.
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14.7 WMsA$3 (Nutrient Cycling)

dd I8l XIHE vedd sl 3 uwdid qls, uge da @R BRsBauid Fuys
52l M2 Add WHsAL Yasil vagusdl €l 9. 515 sild und, il gl
destellr, slel, UdiH, s, QUM a9 Fal Yusi-l ol Guasy [Rula-
9 (standing state) dils Gedualil d 8. d Yel-gel Uslel Maud-lHl
Fel-%El €1 8 2l B YR W AR €1y 8.

W AUYG ol B© F WMSL § Fil Faririciiniel swdu Ayeiudl g2 udl <o),
U, doll ARAR Y AsRL WA 6 daul L YiAstl deddsio yHl el s 9.
Farirtdaadl [y 228l gl Wdsdel-l olasladid WinsAs8 (nutrient cycling)
sdaid 8, WnsAsel ol As UH Fa-ep-AnUl@s As\-biogeochemical cycles
(%4 = bio : AW DA = living organism Y] oL = geo : U.Cicfl, gdl, well = rocks, air,
water) 4Bl €. WNsASL 6L USR-L €U © : (a) AUY3IU (gaseous) - (b) AAAUEL
(sedimentary). 33y U5l WiNsAs (ed 3 S, seldas) Wil olgR

iRl CO,

/ . sl dloroll 24
e a,ﬂ %L~ HEL dal Bl w2 (@
(reres it sl sizua ol edd

%!.UPI?'-‘U

A 2 [Bued

USARIEN
\ (Fe %{lél?.- <CE

gp:tcil
wela ® .
Co, =

Mlé.l?.?é‘-‘tﬁl

sty dd i o1

HAUle
o e e e e I

T [T T 1
el ueeR 24 Al e
| | | | 1 | |

wi5lA 14.6 : arazal sielas-l uellsd ulasla (43ydl)

AAURULA (reservoir) AUAARRML €ld 9 ddl AaANIElAS (Fed § Ues, 512sUAS)
Hi2ell 6Lg1R yeellel Wlusgl 3 2R (Earth’s crust)di 20ddl €lu 9. yalazelly q2sl Fal
5 oL (9ll-), Al (Asdl), pH, At a9l dlcdlaRRidl WHsl s sel-l e
e 53 8. Aaue-ll Buiellaay, Gaw (sMl-deficit) Y3l 52 We €ld 8 5 %
WHslHL g2 U4 (influx) 2 s8R [Fsid (efflux)l e2{l 2Aqdddid 5180 adl
Sl 8.

~
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@alqsi-

¥ HiRelL XML S21% sl [Rgd e il 8. 2l 20u8l siold 2 $1283
Fal Al Al s,

14.7.1 Rairtdat - 5161125 (Ecosystem-Carbon Cycle)

PR i 1Dl AU 200U 52U L N8l HALL 5 ALl Y A%t-ll 49 %
1oL ol oiAdl €l 9 A well ugl d oflon 53 2d 8. A 20Ul ABus sieinsl sa
Yol drs e A2 AR 28l el 3 71 % siol dl HEIAPIRML gl A3UHI
AL 8. 2L HEIRUPRAL S16-OLIR, dlclaBIHL slolrt Qs sl ot Ruuq 53 8
(2usld 14.6). o afl el 1L § e s slel-ll 2082 et 1% ®UoL % dAlcladRU
A 8 7

[B-otdel (fossil fuel) W2 steistl As U4 WRARRAC 53 8. adiaral
A HERPR GRL ddl Ddd 2l Ydwdl gRL slelig A5L4sWL Ad B, As el
UHIBL USLARSANRL gRL 4 X 1013 kg Fedl slolvte @Al alls U dd 8,
Gewesl A Guellolali-l uqt Bl g2l ardiaadl sieil Ygmaysl Weu Co,
2930 wedl §3 B, ol 3 HEIARIRAL 5L uelal 2 Y SRS gl dul [Qaen-
uBUL gl COpll A Andl uval [Quest wal ardl@s Ad (sunstantially) Ascuoil
ol B, AU uddl sl Jedls Wbl AaAEANL Ay W B nd wRagd
(asluse)midl olelR Fsia WA 8. dlssl qoduadl (svs-sadel-burning of wood),
ol 2101 (ga-forest fire) dal sis geild e¢+ (combustion), H[EH-61AAR,
el Bl (volcanic activity) 4912 dldieRRidl stelst Silsuss (CO,)l 4
Wil daqRil Aldl 8.

stolasul Wl ugMadidl vol o Yerayel uena 8. 3¢l adla-ia
(deforestation) dal Glod duy URdg- W2 [-oldel Add ed (Gualol) adiel
dlaldRRIML Sl6l SAISASS Hod sl UL AlHulsL dIRL udl 8 (M58 1641
AL8IGU 24r-greenhouse effect Yil).

14.7.2 [Raunda - {s\l%:‘R“-dQ{& (Ecosystem-Phosphorus Cycle)

Flasuedl, 455 RS 2 Sl Glod 2eALARBL dotsll 2 Hva ues $1Re B, Bl
el duel sa (shells), 81851 (bones) i eld (teeth) sisllddl HIZ UBL AL cdral]
HEL MUHL 2asdl €U 8. 518 gedl AAuU-AL 2 uddl 8 3 ¥ sRSe-l
AAFUHL $12su AR 53 O, %I uddl 2usu-l (weathered) WH AU, 1L sidexl
AlRad Wl oM glaRml gl Al © A adufadiq ya ad il dami 2 8
(2usla 14.7). qeueidl 244 2= wiellail i dw a-ulaziiel qad 8. sl st
(waste products) ¥ Hd @dld s1%2 aledlswl 6is2RuL (phosphate solubilising
bacteria) gll (A2 Adl $16U Hsd sAUML 2Ud B, slolAs-l FU, AU gL
AllaRRl $1252R% Yo s3I sl Al Y ad s10fm1us v sies2AAS A2l dslad 53
asl el 7

2l SllAA5 2L F1R8UAS A2AAL YU HeTaril 6L sl B 1 udell A B § arule
G121 $128U) AldlR@IME 2id:UA9 (atmospheric inputs) SL6Lriril 2ld:MAL 5l WOt %
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Guellsdiall | «—1  Bawesl
F 3
Y
5930 usdl
MAY (>uze) | <
! ([Qaen
A8
oy glas
T (MRdR ag-t
W% vieloA

2u5(d 14.7 : 220% Flad-dotil $126331 51451001 A0 AL

2U9L €1U B 2 oflogl, APl A ulaRBL a2 1§31 AY-[AHYU (gaseous exchanges)
s Aldad Slu 8.

14.8 [Raud-lla Al (Ecological Services)

dged Fauddsl 3 2uls (economic), uuiaelu (environmental) 24 Aledasl
(aesthetic) ML 2 Al eus [Brgla el 2R 8. Maurdaly uBuii-l
W (Bewrel)- Radat-Aai (ecosystem services)-il -llHel el wsiu 9.
Bets8l dils - degrd %ol (Mauddali-dl efist gal 24 weld we s2al, g¥sia
(2-ug[e-droughts) 2+ Y2 (2ildgRe-floods) 2lsal Uinsld 451458 (cycle nutrients)
gl sugu etrlad], aq-@ad audle YL wsal, Falfadan madl avdl, @Ry
ULSIHAL UMD AlUsdl 52l sl M2 AAuAA Y ulse A Aledasl
(aesthetic), Aig(cts (cultural) dan 2[R (spiritual) Hedl WL YRI WAl AR 6. dx
e9ctl, Falaladdidl 21 Al yeuis 5239 Ydd 8, uig d WHd GRd (s10ed) 8 %
galafatdi-l Gl Bud visidl A,

6lé 512l (Robert Constanza) ¥t A« wefleia siani, wislas (Aubls)
@aAAuds Al (nature’s life-support services)«l Gl [Fxd wdisal Huct sul 8.
AW 21 201204 Fau-tdaaly Al 218 ai-l 2ielsd Bud aaeol 33 RlRas
AARSL Glar 4l 8 5 B 2uus dd 2ellHd cuadl daiui (taken for granted) »1d 8
518 5 d HeAML MO B, L Hqed 3 Alus ga APl Gulewt (Gross National Product-
GNP){l Bud (18 Elaut »ARS JaR) sdl @o1edL 61a1-) a3 8,

(@l Faurdasla Aai-dl ga Badadidl 50 % dl $5d 3 A0 (YeL 6ols+t)
HE O A oflw Al Fdl § H-AR% (recreation) dal WIMsAsLL A3 e3s+l 10 %
sl usL 2l eudlerdl 8. arimas e el [May- dall dudied Hed qaLeL Udls
U2 6% Fed 8.

~




/) aadstin

ARAN

(Fairtcat 21 uglael 2ArUs 2 Buiets 2154 (functional unit) © 29 axl »1%(as (a)
dal ¥las (uoda) w2sl wAld 8. eal, well x4 %l x150615s 14%[@s w2bl s
Beue st (producers), Guatiallail (consumers) A [Qa2sl (decomposers) A s wesl ©.
§1¥[Qs uA FAs q2sl Al AidBUuAlAL WEsuH @34 35 Maunda [@QRre elilis
Al qud 8. Madddaddl d yea a-usly [QRredizil - wlda-ios (species
composition) 7, 2114381 (stratification) €. WMRLAL Ald- UL €35 ADAL [RaA-idAN
g ALSSA @ €Y B,

Bewesdl, [Qaext, Gladudie i WNsA5L Fadridatdl 1R 210l 425l 8. ARGl
ARl €2 3 Gelesld FaAMR Gwlet A Wals Goniesdl 8. d 6 usML [Roulrd 8 ¢
54 WABs Gllesdl (GPP) A diRd[@s Wwals Gadlesdl (NPP). ARG1AL Aeelrl €2 3
W516URS gedlvl §e Geuletn s WARLS Baulesdl seaid 8. Gauigsi-il Gulal ugsl oilsl e
FaaR 3 Glod ardls wals Gauesdl 8. RBdlus Gauesdl 2 Qa5 gkl eREA-L
aiiolls2al (WRUIA-assimilation) €2 €14 8. [Qae-ni, [Q828l gl Yo sii-i ¥Ra s1ilos
AL slel Q5SS WLl oA sy WASHL S O, [@Qaeul -9 uBuiil
Asuddl 8 % Yd gl AnqvisHl (fragmentation), Hlalsl (leaching) 24l 24444 (catabolism)
dls Al 9.

GloAudle (energy flow) isH1a(lu 9. uddl, a-ulaxll ARG AselL 53 8 A ugd),
Wil Gawesiiigl [@aesidl @idRa wd 8. uglal, [@lRd Wisdla awdl dust
IR § Glatriold Bisollon WA st 2usiRgual-l A 82 8. Ma-dal [y sest
IR WM Screledl A2y 2t dufaslladl WiMsusel (nutrient cycling) s8ud 8. 24 WEUL 4121
WML U3l GUalal iy, 8, WNsASIAL 6L USIRL 6O ¢ g3y 2 2aAEl. Aldiarsl 3
WAL W AYIY USIRAL A5 (slolet) S A=A (reservoir) B, W Yedld ug
(Wudl) 2L el UsR ($1282) e AR 8. [Fadddadl uBuidl lus-
(Fladdasl Al A 2uudul 204 8. eld., %ol gl sadl A4 wielld walsel

s ayeld Alelld (dynamic) €14 © dal AHA-l 08 URadA WA 8. 2 uRad-l
SH: AP B 2 URRARSIY viqsuBil 2L 52 8. 2sHAAL W 2eus (wasl)
Al gl vl @adfagld (lifeless) [l v HaAu-dl w12 9 © 5 il wesaell du-l
Ul (successors) M2 Mol MOl 53 B i vid s el WMWY Rl iy 8.
AHIARAL AHLY UAlaRRl AURadAld 28 cal Yl dlon uHd =2 2l 8 8.

Y
1. vudl ¥oul &Rl :
— (a) adulll _ sdaid 8; 5181 5 Al stelet Sl s udlswl 53 9,
S (b) gl gl ueAd Mandail vl RRMS sl €l 9.

(c) weld Maundaul, Gallesdl He RMids s1s @,



(MRt (\

© oo

10.
11.
12.
13.

(d) vl MauddaHl Ay Yaeallal 69,
(e) yedl uR slolee Wou AAwRAUA (OR) 8,
s ALY UM A 4 54 s Al {E axedl Hud 8 ?
(a) Gewesl

(b) wauBis Guellsdizil

(c) [Bdlus Guotlsciil

(d) [=mes

dsuaHl Bl Wusdr ...

(a) artulawast

(b) melwasi

(€) Aysril dlhl @ayle

(d) el

d Rcdlus Ganest © :

(a) qeueRlzl

(b) Gewest

(c) MRl

(d) Guad s uL &

URIBLs AR [QAB@HL usai=dNeld a3y @B (PAR) 32dl % €1 & ?
(a) 100 %

(b) 50 %

() 1-5%

d 2-10%

AL QAL dle W S ¢

(a) A HIEIRYMAL 2 Yl LSRYUAL

(b) Gewie i [Que-

(c) Gledadl (afldl) 21 2ttladl (Gladl) Rk

(d) USIRYUAL AU AUSRAN

(€) 543 A Ydgedl

() waubis Gauesdl x1a [Bdlas Gautesdl

Rerirtdatl wesls asi 53

URRARAN AR AUl 530 24 AvaL ddl FaMiAl QM Geleel ld aeldl.
wals Gauesdl 4 8 ? val uRowll (51250) Al asl4 2l % walis Gauesdl U2
MU 52 69,

(Qaen AR 530 24 @aed-d wBasil dar lus qeldl.
FatridAdl GlaAsalsrl A3 Uyl.

FarAdat1l xaatglasHl 2101l ARl @vil.,
Fairtdatil stotasl you, [ARred-l 3uvil 244l
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a-[Afdsdl 21 A8
(Biodiversity and Conservation)

15.1 %a-lalaqa
15.2 9q-[AQ4diq H:em

A g2 wdl s (galaxy)Hidl SIS wAldu- wuen yeel el
yetsid 2ud, dl Al uddl aid dd 2Adeid 2 »140id (amaze and
baffle) 523, % seld 2wuel (Yl ur-l) @an-l qlif@ma (@lRga
€ 5 el d Al 523 Wil e wel, Awd anl [@lduaue
AYg Al 3 Fl Ad 2L A U AL WA ¢l d e
AU ANy {14y (astonish and fascinate) 54l Qo1 28l .
AL, R waL viel % Yadldl Qa8 5 2l uusll yedl w2
20,000 $14+l 2alail, 3,00,000 ajosles (beetles) #ilail, 28,000
Weodl-l 2l dal aaedr 20,000 Fedl il 2l 8.
wRRARQEL 21 Gelasiusly amallzil sedls vas uel yld
21 (AR Heradia AHaAlAl Ut 530 8L 8 - FH3; 2] 22l
ol (A0t oalcdl 39 8 7 9 20wl [AlRad yedl-u Slasiudl el
o ARecd WAA O ? 2 dQty 341 Ad 2 suidl 2 ? warae He
2 [QRQYar 34] Ad 2w S Herayel & 7 9w QYA et ¥
slegl 6ld dl ¢ d-l 51451 usr 5163 Ad a0 gld ? @as-dl 2
[Qla4ae] qgaal 341 Rld eawer qadl as ¢ ?

15.1 Za-[alaaqd (Biodiversity)

BRI @ALARRIHL WAL Acdld 2 ¥ AR U Danrolly Adus
(Ul ri-organization)-l €35 2 SNl vie M2l AR (G8d
Al )dl A Faliail 3l vor o [Radr (v dlae-
heterogeneity)- xR 8. Fa-lal@udl ace w5 wadsuFs



\

Fa-[AlQHdL A, U288

(socio-biologist) »14a$ (Aeurl (Edware Wilson) gi2l %[5 dls-il e35 dd Asauddl
(AL agld 12 MARd s el 8. duisl vl o Hol-L A6EL (A uHEL B -

() s [QAYdl (Genetic diversity) : 95 ol %5 a3 dril [RdREAHL Vo
o [l saldl 23 8. Ruudu- @Ry Rl Goidl 20uHld adaula it
(Rauwolfia vomitoria) g1l saldldl %-{lFs QAR 2 Al gkl GulRd uBAU
18l (AufMe-reserprine)il AHdl dal Aigdidl 2Ad4] (AoitHl) €IS 93 8. alrd
50,0002l w2l ati wllFis I [Pt 2Alv (rice)l di-ucsladl dar 1000e uat
at13 331 (mango)-l 2alail Hud €.

(i) 2ld-[ald4dt (Species diversity) : ¥ [AfAHdL 2AlRd? ©. Geleal d3, uBan
ulz (Western Ghats)-{l GMu®dl (amphibian) 2nlaxii-l [Alaudal ydly we
(Eastern Ghats) 5di qt13 €.

(i) wR(ulaslu [alda4al (Ecological diversity) : 1 [a[a4dl Madddal 2 ©.
Beleel d3 ®Rd WA @Ml (deserts), aulasll (rain forests), sRULBARIAL
ElIRY S5d (4212l (mangroves), uxdlull al‘iiﬂ.\l (coral reefs), G\t%'i&d 1]
(wetlands), deiteyul Ueell (estuaries) A UsLdl U+l adufaxdl 5 wsLdl Uil
Q4L ¥el-dl (alpine meadows) <l uRRAMASY (AldkdL - 2 -d (Norway) %al
BWRARMA (Scandinavian) 29 53l A4 .

uslanl 21wy [ARUAR st 2al W12 Gelastunl arl adl @l 8, uig ot 2l Juadi-l
(species losses) L ddMird £ Add ALG A dll B 241 o] o AuRiA 6L UL 5l uBL et
AHuAL ol sl el Fa-{alatdl vl df A48 (conservation) UFslA e357U [BcRiolt]
idAPLA AlA20as valaelly Hedl 8. 5122 3 210 A U2 20l REolEdl 24 sl

(survival and well-being) 12 A4 (A2l agul ay disid Fa-[ARUA Rlaess el
(critical importance)w, Mt 4% 8 & d-ll aradlds v el 8.

15.1.1 11951‘1 UR dl MRAHE 2l calail & ? (How many Species are there on Earth
and How Many in India ?)

gl Yol WAl A AHIBA (discovered and named) 6il ¥ lail-l Al4ell usd
sal Al 8. sl ARl ¢l 5, e YHl 20 suuial Sedl ol wlail Al 9. uig
yeefl U S2efl olail €9 7 241 usiHL walel wiudl A8l <l TUCN (International Union for
Conservation Of Nature And Natural Resources)-2004 xSl 211 -l agiq s1ddl
aruld 2 well-onlaiidl go 2Aval 1.5 Bldad sl q8F R 8, uid »UuRd e vd
2l 3 o 3eel Alfavii-l WA dul avld sl susl B, viely qouddml Yol % @Ausdl 8 dal
dueiial gefl dl e BRI Ad “iRew (guesses) % 9. dRll ad((selld wyeEl (%i-groups)
e, Al win GwislReila (tropical) 2l sl ANAARL (temperate) eAML Y,
wRyel 8. A tAul daiy ¥ GwisReiuul itwst Ad (overwhelmingly) el uxRLHi
Al Al esl 8. waelaian Grisoidlu duy analldiel uglml £l2st (insects)+l
Ayl alauylandl seuxes (exhaustively) 2iedin 530 du-l 2isdsla dal 530 2 U
WRL (dpelid-ratio) 4l d [ARcRLAL R(l>1L dal anulail 2wy gl 2ail a4 (G2 530)
Yool el onfavticdl e Ava-dl wbe 2iel% (gross estimate) @dledl. s2dls wilan »iel




N
_/) a3t

(extreme estimate)-il [A2cit2 202 50 (laa-t (24 5 5318) YHIAL B, uig Aste A (Robert May)
gl saML 2dd ay Add 214 asuls Ad wAle Hiely (sound estimate) WHEL Alus Ald-
Rlfatd aatmar 7 Bildu (70 cv) wedl 9.

A, 2Rl ddHir Guast il 20t yedl-l Fa-[fRud Q- Jeals @uus
Beall (interesting aspects) S, o1t Aed AlaAztidAl 70 % sl uRL AR uelzil 8 wuR
o] auladl (dla, $91, Eriall, 29t oflrlail dan 2ugd oyl axdlia) el s3>
ARl d & 251Ul 22 % sl At el wellaiui, slest At el a4 waliuyls Jriadl
aofls2ella uxe B, d uellaidl sa 25l 70 %l vel atil ©, -l e 2 8 5, 2 A R
€35 10 el 7 slest 8. 5304, Slesi-u >0 [Qya dlamd »uusl 3dl Ad auedla ? [@aui
gLl onlati-dl 2Aval 2wy (fishes), Gotuwdl (amphibians), ARYYU (reptiles) daUl Ad-il
(mammals){l 2l 2sBic ga AvAL 5l uRL AR ©. 28l 15,13 32a1s Wou asisl (taxa)-l
farival edlag Fa-faltdd Ree s2aml 20 8.

/ | wuypesdallod | | yedaladl | \

ey uefluysl

\ dla AdsU /

2u5la 15.1 : APus wa-fARsar] UaRBa-2ysdsl, ysdell da aduli-oakivi-Q
Al i+l WHIRIAR AvUL

d ald Aladl AL 5, 2L viely RsNEHY AWl (prokaryotic organisms) Wil 518

n Aval AUl Al a2 A 255U vid] Al 3 AR SM3la oalai-l v 32l €S A3
8. AHAL 2 B % uIUALd (conventional) ad{l581-]l Al YA vVl HI2 410U § GRA

T Gl qa vl wfei wdbuonmi dad- dou el A w ayedl ki agl we

FauAldlRLs (biochemical) wadl 24845 (molecular) MIMESL AHUAIAAHL 2A1d AU d¥«dl
[alasdl areil usixl a3 8.
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AU 19t G A (AL g6 @R HotL 2.4 % o A HIAAlERAR BRI B, Ui d-{l Alus
lalaldl uenausll (an impressive) Id 8.1 % ©. 2L % 51281 8 % eud ueL @ 12 Wi
[Afatdl 42ddl 290 WSl A5 9. eudul @del 45 s wedl aduldafil dal d-dl sl
ool wat quiR ezl aldil-l iusl 530 s ©. ardlas Ad 2wy Y sedl wdd
o[l {l ALY Al Al LM 2Ll oSl ? ot A8l 618 Wil AUS 2ig1% (global estimate)-il
512 5302 AR ey YHL WA 5 Al 22 % ol o iy ad 8. cudi [Alakdi] 20w
HL2 2L 251UTLAL AHEAAL A48 el d2ul2 dl 1,00,000 (1 ee)ell i adyledisl sl
a4t 3,00,000 (3 ctrvt)efl atn? sl 8 dan asiq sdie eis) 8. 9 Ul S48 s
ol %¥las duel (biological wealth){l 2iyel 2t s uay ol Aslel ? QAR 53 5 21 5144
yel sal W2 3e¢l WA MiaulSa-trained manpower (ao{(s22U[4gl-taxonomists) dul
Szl anudl 2iausdl usdl. 2 WRRAM ¢ weL auiR [RRL%1s (hopeless) 2uild 8, 41 HHIuglL
e A wnella gl %, Hiew il 24 Aldil 28l dusl 2li sl usal o [Agd (extinct)
aalel ol AL 530 26l 8. uslart FlAs Yaasiaumi w98 ol o Yaasi-i sl e
gL Yot (catalogue) sl Ul % ¥l »[oHele (burning) 4SS &l €.

15.1.2 Fa-[alasdiri ulazuyeudl (Patterns of Biodiversity)

G) aiella élaia (Latitudinal Gradients) : 2021 2 a-uldad-l [QRAEAL a4
(il it (8 Ui it [ eald 8, wellail dxey arufile geu Ayel W2,
(AlQadmi Ruue alldl 4aL 8, Ful vot o elldl [AlRudmi xaisla sHog slaia (Gar-
2219) V. WML [AYagd (e Ivl-equator)dl Ydl (poles) drs ¥SH dH
Alafaladl gedl Ma 8. g5 s2dls % Aualel A, [Ayagdly (GwislReia) [BRar
(tarialla A1 23.5° Grirall 23.5° ef@ny 3+l )ui el 3 gaueall sl AR il
1 8. [Ayagdll ®s wa st (colombia)Hi 1400 Feel wallzildl alaxil »uR
41° GriHl 284l 4uls (New York)Hi 105 edl usllii-l alail dan 71° Gudi Rd
Aldrs (Greenland) $5c 56 Ualluti-{l AlA>il HAA B, eliRd, § Fil wUBsAH FHAlERdAIR
Guaus(eoilBa waiaml © d 12008 awl uellaii-l 2zl 4id 8. dsaldiz Fal Gwl-
slolld anl@dil algsUelRl (vascular) asiRulaiil el g6, (USA)UL
-y H ol Al aotdl anl@aiRl sl 10 28l atiR €. eERlL AARSHL ANAA
(Amazon)-l Hi2l at-l GeisoiBa anlasdl yedl ux Al arl Fa-[AlRHdL qd 8.
d 40,000 €212 arulaiidl i, 3000 Heasdl, 1300 ezl 427 -l 427
Goydlpii-l, 378 ARYW-L dal 1,25,0008 Az 2ysseiall el il
Feuizain 9., dsuFsi 2 8 % 20 avladinl 2R el ol sl 20,00,000
(2 (fqun) wedl sles oalami-l it dan AviseL 5 wiam ol 8.

[Anagliy [Qzaui g 3 QAN 8, 7 du-ll lell a42 [QlA4dl % siaed & 7 WRRAR(AE
dal Gelasirisly @aus{lain gl uRseuiil (hypothesis) uRalfd 536 : Faiall seells
Uerarl 8 % (a) A[AGeA (speciation) x4 Aol WA 514 8. Bl 5ol 2l
(ERARIHI ey staml Al [BuUuld (glaciation) 2l &l w412 A=l [QuRd, GisloiBy
el ervdl aniell defl A0E WA A21-L 8IL D 2 2L % 51281, sl Qs 2 disil
Gelasusly Any 1oL, (b) GraisRoit wulazel 2 auRidiva vaiazael] [Quld d it
Wafly, (asla) uRadesd, e a4 RA2 1A el eaiioy (constant and
predictable) »aal dl uiRd WL, 2id R valawy w-lvi [QRES1L (niche
specialization)l Mlctl&d 53¢ 2w} da Alell ay wla-falad ds ey, (c) [fvagi




alanyle —

aa st

Uzl ay ARG (solar energy) Guacd 8 % ¥ dsil G4 Gewewt (higher production)Hi
Aol ot 9. 21 G2 Gautesdl Al ay [AlREdl w2 wia dAd sl 2udl a3 8.

(i) wla-laeai-it deiyl (Species-Area relationships) : o{lell Helt Hgf&lﬁl&\ e
el AdsA did ¢wiled (naturalist and geographer Alexander Von
Humboldt) e[BRl 28RSl ANeldl A U2AHL dHedl WRMs ¢+ 2uus Alk-
eAlMul 2adisd s34 ed 3, dHviion (RlAlEA) [ERdiRMl aiRl sdl Al 518 uzaHl
Al [EHL ARl Ay B, uig At 235 walel Yl . e4lsdHl, adlst (2uga ol

adaulaatl, wellal, AR, Hlstza-dl sidlll)«dl

us [Alfkd w2 Anlayls xd [z a2l Aoy 2

Aol wildady (rectangular hyperbola) aqis™i 2l 1o €

(2usld 15.2). @goRLs WU wR, it Asid 2 {la-i adlsw gl

aglaaidi »uddl »is 4l Jvu 9.

log S=logC+ZlogA

ol S= nlauyls (Species richness)
A= [@dR (MU-Area)
Z= sl ol (AHLAYRL OLRLS-

CA’

Log S =log C + Z log A

RRdiz — Regression coefficient)

25l 15.2 : 2ala-Rdi-L Aol ued :
HIur Uz ol U™y ol oy 8

C= Y-uidS¢ (Intercept)

WRRAlA(aglA i 5 Z v, qer 0.141 0.2 azai«l
dotruletdl €la 8. ugl ad aollsely uve 3 uga
(%43 [ien-Britaindl a-uldadl, 3fasiHui-Californiai uallzil
3 ~yyis-New York A%dul ygsidl-moluscs) 516 Wl €l dA sl ausae vl
3L AHA%ASIU AsAUIA % Sl B, U, A dil M Vil Fal S5 vier o [Qwa uBall
Q2L la-ladR Aol yassel ([Asdugl-analysis) 5220 dl dus oldl Hadl & wsaus
Wil L vl % amR dlg (sl Gell slu-steeper) © (Z vt Her 0.68l 1.2 Fedl
Sotmaleldl €y 8). Geleral W2, [QAfay vid- Gwisoiy FadlHl sousidl (sa viriRi-fruit
eating) u&llzil A Ad-l-l Z Jvusdl dloua 1.15 Fedl Adl Hadl. 2 dsolul dls glaud
(w12 Glow gL )l 218 4 & 7
15.1.3 [Rau-da w2 %Q-El[al"{dl'i He™ (The importance of Species Diversity to
the Ecosystem)

9l 1S UMl (community)Hi AL Aval WIR Faddatdl 514030 W2 Herayel oo
B 7o s Aud B 3, B+ W2 WRERARIREL 215 AlssU waol >l asdl Al 4Bl slusill
(decades) ¥Hl, WRRAMIAEL il ¢dl 3, ay Al quddl aHel, L Ad 2l
Aldil 4Addl A4l Sl AU RER a4l (tend) 4Ad 8. s ¥[As el W2 w2l
RdL 9 8 7 A5 [RAR uyeld d-l Gauesdl atl-all aell 33512 (ay [l 2dl AsH
Al%; d AUA-AHA AR aRH W WQAAMs 5 UdluLd [A&ul-resistant or occasional
disturbances (482l & Hraulyd) WA UlisRs Audl RAfwRas (resilient) €l ASA 21
d [agall 2l gl adl sl e Ulal4s (resistant to invasions) WSl €ld % A,
8L A8l el 5 w0 aasl el alaals il id Ad Asdal 8, uig @as Rai-
(David Tilman)«il MaRLUOUAL 6L12 MU YR SAUML e dloll AL [RaAdatdl udl
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L [QANA Fedls s1MAAG el YL U3 8. RadnA Aal e %, ay aldvll qiddl opidl A
sa FaouHl at-al 209l 38R (Al [QRUAL) salddl edl. A du-l Mol 2L veL
el 3 audl ol [ARswa d-l G Bauesdidl $100 2wl gddl.

A e9cll 2Rl Ayeiusl il el 3, s 3dl da Fandan g 3 dgrd e-udl
AviaAHl Aol 20U B, S e 5 AuHwRL Wd nelal €l 3, uye Fa-[Alkudl 2 s5d
Frau-datl dgzadl 12 o 2iagus el u3g 21 A U2 AWaoald-l dioll xR 5 @ast 2sidl
Avial W2 uel ML B, 2L AT FUI 2B HseY Hedl L e+l Ol (MEs Adasi
2l uUlcr-alarming pace) lail ol @ 1A, AR SIS se1d ud 5 Al sedls il
Qi 48 Nl 9 B GUoLd UYL HIR WAvR Hewadl © 7 %l ulH aiedl 9all v Al 1adl
gsstll 245 Al (tree frog species) dAal H2 A 4§ 2y dl 9wy el Rau-doi
wieol Buralle ol o2 ? o yedl ux AL 20,000 sl sied 2Rl WA st 15,000
Al % ¢ AR s€L 5 d 2UuRU Dl Al R ol d A 2 8 7

BlAl AR Uil 1S AL waell ], uig R-s51d uRRulalae wia Aelds
(Stanford ecologist Paul Ehrlich) g2l Gualol scuMi »udel Ageadl (1l Ade Wur yduiel-
the ‘rivet popper hypothesis’) glal M8l dqod [QA12 5 ulRNed (perspective) [AsRd 531
aslol 1ol w8 [ Fal Fadal ([Radddat 21 diqair od 8 3 ¥ 248l Hus Fal
el )L ety % el Rl vilelpil (fldaa) (alddl)l Gualal gl Hsue Al 2ud 6.
A [l 635 s dul 23l 2s-uis vildl (Fde) vidld du-l 82 4 wad 23 53 (2udl
Ad Alddl gt 4 nd 6), AR w32 dl [@Hndl yraud 22 2 AR (Radatsdl
Butelladt dioy 2e4), uig o ay A ay villail vidl dal 3 g2 Ml 2Ud, AR Fedls
WA vl [t el Ad wdl aiolal (dangerously weak). ALA-AUA A YRl Hewad © § sdl
a2 518l Aivani el © A ua FRius 3 il vl &8 243 8. Rl el suya
olssl 5 ol wreL dlsl el sl sl d-dl wivll wr 8al Qdau-l vie § qsul
(@ed ¥ wdl3u laxll ¥ ¥ Faddadl 3oy Guulafn Aaldd 52 9)dl evlldl dd [@Qunq
el He olelR sviy (serious threat) 8. ([l uiviial fldausl 2l Fan-da-l e
Al WA dertl sAUHL 214 89.)

15.1.4 Fa-alaada-l ald 3 sl (Loss of Biodiversity)

IR 51 Adl Aladledl yeelldy vt ([aesl-treasury)ui GRR (AldBea glt) sl 20
AR o AslUe AL B, U d¥rll Add-FId s [ 516 st Al suen ae (yedl )l
Flas Auel vor o Bsudl ©dl 2l B i 2uafd (2uRl-accusing) tivwoll eyl Hidang il
R8s Bus 2l 8. Hindlil g GreusReiBa naid [Brdirel 6ig 212912 d 21yl (tropical pacific
islands)l aalsdls2 (colonization) 418 il LR uallai-l 2002 uat a alail
et 4 A 9. TUCN 3¢ [4Re (Red List) 2004+ €214 YRl WHUEL wiesel 500 arini 784
vl (338 ywsdallxil, 359 wywsdsllati-invertebrates, 87 axulaxii-dl ealaxil Auudfiq)
daut 4 AT B, gl qul alaxil (extinction species)l 2dls GelseUHL dlél-dodo
(Mi2Bu-Mauritius ), $9°1-quagga (2UZs1-Africa), wudRi-thylacine (20122 [4u1-Australia),
¥lar Al 516-Steller Sea Cow ((ul-Russia) 2 el 2180 Guastlail sudl (Bali), mmmm
odl-l (Javan) dal sURUU- (Caspian) 8. 8¢l 20 () anl o 27 (Axiiclla) Azl e

adldl AEl (witness) 28U O, daidld sla@yds uisinsly yuse (@sdwa) cald




N
j) @aldsii-

8 3 Aauu il Rdlun A w5 (random) +oll; Fuy Goruwdlyil Fal eals gl qud
aql W a4 Ade-ld (more vulnerable to extinction) @Bl 6. diddi-il ™Aulls £
(grim scenario of extinction)dl GHL sl 2L Ul &slsd (fact) ® 5 [Aaeudl 15,500
sl UL AR Al @it daldl @ul AHHL (facing the threat of extinction) 531 €l .
adie [, ot o uall slaiicl 12 %, 6l o A sl 23 %, ot o Gerawd) slazii-
32 % i otHl o 2-Ug ollrulan 31 % Al Qi Adiil sl UL 52 8 3 [Q-uasi
23 Ul Glell 8.

[ il W gl Yl Wril @adHl Sl sien urell uusl Wy 6 3,
Al el WA ad st % sladi 20Ul A @l Gla dd 2§U6 Hpealdnl ARadRe
(2o41) udal weL 2y 8. diol AHU e el 3 Bilaaq an udal surell yadll w2
@Al Geatd dal alaelsae 2y & el 2 YL win avid Al s [@diu-
(i)l vedsy qdl 8. addid Aadl 96l (6) ard [Adiud 3 [ ualt wr 8 d
uddinl uin qeisnell al us adl 2 ? dslad $5d drl g4 8. ddiirl Anadl il
Rdlud-l 83 2 HiAdd-sRdacAL q48 Yd gqaidion [ sdi 100 1000 a1el 34l
sl viedl 8 A 2 Bl g2 e el Bulafal o gaweer 8. wRRA[ROA
Rlarorets Adasll (warn) © % A 2l v2isiedl 21 adiid RaRidl Add A1 2@ll, dl 2uddl Al
(100) @il viex o Yl uasil iy laill @aeol 2igt oot salail g as .

Ay Ad, S8 ueadl Fa-alMdid 45 aael (a) adRufi-Gaueul qaudl w9,
(b) £2519 (drought) ¥l wuiazelly Gusdl (perturbations) sl Ftat ulARlaA (c) arula-
Beulesdl, WRll-L Guauldl 4 % dal AdAAsL (pest and disease cycles) #dl sedls
Fad-d5la uBaiml wRad-lladl aqar wudl.

Fa-[alagqa-l :;,aw-{l-ti 51281 (Causes of Biodiversity losses) : ola-[Aciust (El%ﬁdl)-ﬁ
afdl el €2 & il (@ 20 WAL 53 2\ O d Hrad HAd-UY [ S8 D, ddl vy
12 s12e0 © (4l Qe sauée-The ‘Evil Quartet’ 24 Guallis © 3 ¥l drll sl w2 2
UHISL GuyloL iy 9.)

(i) <qawsl NEL TN 2 AHYU$ (Habitat Loss and Fragmentation) : R\l dal
arulaiinl @ e 2 Al Yo s 9. GusRoiuql avladinl adl anae
sl (auaue -ueigl-habitat loss) i d-il -U2ALLs Belg8ll (dramatic examples) €.
s A Qulasdl 21 yeell-l o1l 14 % sl ul a4l Rrdizd 209l ddl el
Uid LUl AL aulasl 6 % sl a1 [BRdIR 204l A2l dil vol o suel A Udi
W B 3 UL AR 2L WS alAdld Y3 A Al YL (deal wmMuml) dl adiasdi-l
10002 at 52l (hectares) w12l wdi g3l AR aulan (A viet % [@wa © ¥l
yeefl Us $5A-lungs of the planet) 58y & d se1d vl Aldxli-Al 2u8d © d-
Aol (soya beans)l vidl e sl s 530 el 20 © § olMIA AL SR
(beef cattle)il ARL W2 ¢8L 3 WAWRL (grass lands)ui 32l 2l e . Ayel
quate--leLel Guld UgMRL (pollution)-il 1281 UBL &Rl dAAdlel Ad-ddlseL
(degradation) 2L € dal @ell Azl xR HI2 vdl (svii-threatens) ugl Gletl
ul 9, R [afay Hda-ugaiia sl [@un anatel (RaiiRaidl)qd A=
WML [ReUlra 530 satMl 209 8 AU % Al 2 el Hiel 2l F3Rud © d
A Ml uglacual seais el duel vriet Ad 2u Wi O 2ol dil ardl gawst
des el 8,



A\

Fa-(Alatdl v dAael (\

(i) 2[AANQ (Over-exploitation) : W4l €RUL “WiRls @A U4 W2 U5k
($ect-nature) YR AR AV B Ui FAUR Al 25l dldd (did-greed )4l cledlS
204 © (‘needs’ turns to ‘greed’) it AUBLs Aldl AN A3 WA B, Ul gl
2l AR $138L Wie9di wiaAl (500) auii 2214z L 516 (Steller’s Sea Cow), U3
@it (passenger pigean) %l 88l el it 4 218 6. 2% well RS wevelisl
el afuscll (s 51290 AHA [l il 24 2] & dell Seells s Ad Heraxdl
(commerciall important) A[cvile cio] xReicd vdAHL 4514 S,

(iii) [Qedll nldxlg 2lasHg (Alien species invasions) : 2 [2all Akl w2l 3
Rl A $ALlyds (unintentionally or deliberately) 515 uel 2l S¢S uAHL
eluld 2y 8 R du-iidl 3edls Alail 2usus ada s AL B2 5 dusl
[diun sial ol a8, s Add vl (Nile perch-215 asil st -l
el ) yd 2uBsi-l RsARYL AR (Victoria lake)Hl elid s3aMl idl <R deil
ulRRud @a3u ulail edl uRRAMSA Qd 208 @ Rl el (cichlid
fishes)<l 2002l w2l a2 2Alaxii-il A 508 (A ad 21l dd dUyR & (carrot
grass-Parthenium), 23\ (Lantana) 1 ¥05[& (water hyacinth-Eichornia) %<
wisds vl Al gl adt walarely s 2 2uuel sl W
Gearddl varll WRRA glal % ASH. AFdRML ¥R A G &g (BRa) e
saRuy ARMNAYN (Clarian gariepinus) UM+l iFs+ 3232 (African catfish)d
stz UR A 2usl ALlaiMl dladil 2idl, dl siai el s selFa wuodlil
W2 A Glof ay .

(iv) 4elddluq 3 4Gl (Co-extinctions) : w42 s AL G 45 A4 B AR A+l Wl
Asoudd] adrule 24 elloalazil usl s%Aud A e 1S A 8. w12 4Lt Weel-l
At (host fish species) @it A € UL d-L WRuDdl i [ARre %2 (unique assemblage
of parasites) W2l 2 % [l (fate)d yel 53 ©. aduld-uRlaesl A€iusiRdl
(plant-pollinator mutualism)-il A&[A51 (coevolved)-l [3il 21 Ql-i ofloy Gelee €9 5
ol s (Ald)d [@diud 2 FBaausl ol (aald)- [Qdiud drs el 8.

15.2 %Q-El[i*ldli 4288 (Biodiversity Conservation)

15.2.1 28 Fa-[alada A 2 W2 s BSH ? (Why Should We Conserve
Biodiversity ?)

drtl =Rl 5100 8, 32ais e 2 ol Jedis ue B, uiq ot A Ad HeTayel 8. dHA
2L il aollsa 53 s 8; Alknd Ad GuilbBidiauel (narrowly utilitarian), @itus d
GualBidraugl (broadly utilitarian) 244 <[ds (ethical).

Fa-[afaudi dee 12 Alnd Aa Gualdll edlal 2we 8; F3d uqpal uglaniel
1R AlAL RS dleil Aad © - vis (Hi-d-cereals, $8l0-pulses, §U-fruits), GlOdRL
(firewood), 4L (fibers), olitsti-4430l (construction materials), 2UeBLs Geulerdl (2[R~
tannins, Gl%Cl-lubricants, 3315i-dyes, UUl-resins, 2tR-perfumes) dal HUNHEY YT
Bewtel, ddid ABus ool QALdl 25 % sl AR sl a-faziuil Anaaui sud 8
wA AUA (@Al {o 20As dlsl g1l GualaiL daldi 2ladl ddedl 25,000 ¥ 24l
Ayl Afapil uRuld el (UNEL)HL S10 200 8. 3 51 nad el 3 asil ol
Ay A Guaell a-uldii-l GwisRoila anladisg win oisl 9. % Aldl (AuHHdi-
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_/) a3t

resources)-ll dHI2L AlA ‘Fa-24vil-bioprospecting’ (#ls Ad Heradl Geulel W2
2184, %{lFs 24 Adlu 22 [@ARUALAL WY) 51 209 dl Ay g Fa-[ARUAL HaAd] AR
il ay el (suel) dandl it 0l as 8.

anus GualBiaiael eclal s8¢ 8 3, usla gl uett sl 2iadl @sll Rau-dasly
A2liHl Fa-lARHdl Hewardl ool eod 9, vol % Budl Al WHdL 3 H2dl Fdi AHRA
oledl USIAASANRL (photosynthesis) glL Yedldl dldlaR@IML & HHi[FA%-L @dlodL 20 %
el Hilsugrt Gt sl elaiedl viel ©. 9 uusl ugld g1l Melt s2aHl 2iadl 21 A
RS Heu 21151 gl lal ? dHRl sl SilRuzadl s AHiF% Rl ur 32dl wal
Ay 8 ditdl d¥ de, 32¢s 2t ddudl wsl 69l AU (FL QIR Al v s0
aul ol 2l wsdl Axl) Fadddadl olle Adl © % uassl Far 5 “aud (bees),
&3 (bumblebees), ugllail (birds) ddl AALRUL (bats) g12L [Fatdll AR UelA 52 O,
uislas waaalssil 4ge o2 wAda el sl wal g ed 7 ol g (dd-
intangible) ctlell weL © % iusl uglanidl Hadla ¢la, FHE dAssil AL ol §2dl
(walking through thick wood) Alddi-l d-aiugl elMai qidamsgil Ayel vildal ywil
(Fgrnanl (watching spring flowers in full bloom) ¥ AdlRML eesidl dlld Aleadi-niciodl
oLl Aledesll wti-ie (waing up to bulbul’s song in the morning). 2L U8l el argil U2
516 euayAs (price tag-Bud saladl siuel) Bud 38l asla ?

Fa-[aludi-l qael w2 Alas edladl deid 21 yedlag ur el widl anufail,
wellall dar yerdidl drvdl wfasil e 8 % »uusl e(l ¢l 5 F3-l wd »uusl Wl
¢l eldfis 3 wtulds 2 (philosophically or spiritually) 24Ul 2L AMxal-l ¥32 8 3 £35
Al A 2idRs (intrinsic) Yed YA B, @A uedl uBL W2 A dddnl 5SS el ulls
yeu A el ol iaidl Ulain aEl Ad YRR a0 dary dudl yeustd we suusu
Flas ARl (4e-legacy ) ¥t sau-ll el Alds 53 o 8.

15.2.2 204l ‘%C{-[f\-lfalﬁldl'i dew 3dl Ad &23; Adu ? (How do we conserve
Biodiversity ?)

ol 2UUSL AU (Raridat A8 4 (8 (conserve and protect) 5312 ol AR d
Fa-{AlAtdirl ol % A ULl AR AS AN B, U AlEA elALdl W2 AU FolU el
U3 B, 2L ABRIHA @RALA-in situ (2 % FULB-on site) UL 58 . A5, AR el 1S
URRAAL €11 5 ol wiell 2iadL adulid 2R AvH 5 Ase (endangered or threatened)Hi
Y51y €ly (Al oMl 5 Ul B Al D5 oAUl id Yairl vcld dY AbHHl A4l
S5l €ld) 2 dd [Qdlun- dsemidl sl Rd wodl ddil 2asdsdl €ld, R ol
Ql-ex situ (=4 %UA-0ff site) UECL 21 S%9[HY 2[3214, (desirable approach) £,

24221 U8 (In situ conservation) : (514 dal A&l a2l Aud (conflict)-l ALH~AL 524l
£9dl wal 8Ll AL AaRAlAs (unrealistic) @Bl © A Al A ¥las Aueld A8 s
s Ad casiRs vl awig el FEdudl, Feal A Aldl (k) Guasd © d-uel
[Rdluniz]l otail s Bl Al dvaid siadl g+l did 8. AlBas MR UL, AL AH™L
A% ABRAUELHL (eminent conservationists) gl ALUHANL UG 8. A2 UM YRA H2
voL o 322 AL nlayle quadl xu Gl @Asd-endemism (¥ed 3 alaxil
%-ad U2 Ycll AR €l A 2445t 6l% 21y Al Had) 4 €la) H1ddL Sedls Fa-[AlR4di-L
it Wadl ueel (gleadied-hotspots) 2ol 8. a3siladl wAla (25) Fa-falatdi-



\

gleaierll viavt sl 2l edl uig AR olle 2L WEML 9 €leuie amR BRI
VUL L. UM, [RBaeRNL Fa-[AlQdd- slewdledl g Ava 34 Yol 4 wals 8. »u glexdiay
v R dAd ald wdl 2uarlly dol war 8, 2uxidl 3 gleadiea-uly ae v slldst
(Western Ghats and Sri Lanka), $=$-6t41 (Indo-Burma) il [R*1¢4 (Himalaya) & % »tudie3i
2iruew el G2 Fa-(alatdidi astn 2uail d 8. dH odl ol o Fa-[alREdian gleadieu
B8 Aol 53 dlwel o Yeell-t wH{lAERAIRAL 2 % Sl HLESL A 8, U AL AR (85
Ad 2uRd Al Aval vd A2 S dal 21 sledied-ll 545 YA gl ALY, WAL AN
[Qdiudnt e aoieol 30 % Yl qwaldl wsiy 8.

@R, WRRARSY Ad AHEdly x4 Fa-falHdi-ayg Held Faiael 200 @Rl
(biosphere reserve areas), A¥|4 Gell-ll (national parks) -l ¥MUIRAL (sanctuaries) d33
sluelsly (legally) uR8L AMAL 2Aedl 8. AdIY MRAML 14-FaarRl 2R [,
90-YH Geletl 2l 448-crud AHAUIRRAL B, AL WUBLs - Aivgls uIuAi
(religious and cultural traditions)<l Sldsi U8l 8 % Uglardl e v our 45 6, uell
Axslaill, ool e wedt (B0l 914 sl 2iadl ¢dl U dul eal o4l ¥ gail dal
arigart-{l Yo sl 2iddl 2 AHA Fd 82 AuaEl wad, 2 usR-AL ulda Guanl
(sacred grooves-tills Hi=udinl 2012 asiRula-well Yld [raRl) Amausdl vl 214
o[l 253124l (Khasi and Jaintia Hills in Meghalaya), 2121+l 21a¢e] 2530241 (Aravalli
Hills of Rajasthan), sglles -l HelRUg-AL WB4 2ie-dl [[di2l (Western Ghat regions of
Karnataka and Maharashtra) dal H®AM2AL UL, Ael e ozd (Al (Sarguja,
Chanda and Bastar area of Madhya Pradesh)Mi %dl ¥4 €. Hauay™i ul@st Guasil (sacred
groves) ¥l gc-‘[m (rare) - AseMl WA (threatened) A-iuldAil sl Avul 2l 2ilau
aReul>l (refuges) 9.

d2dl AL (Ex-situ Conservation) : il H[MHHL, Aseul d Wl 24
adufazia dudl gedl Rariaidl ogiR 58l dail 219 9 214 28 [@QAN Ul 4
%S WHEHUL AMAUHL A1d B 5 oul dudl Wl yreu s wsi A WA s 2l wsiy,
wellGen-l (zoological parks), a-ixu(dGalAl (botanical gardens) -l d-u@a As1ZGeu-il
(wildlife safari parks) 21l & e Al U0 . viai qaul Wil ¥ Fordil Qg 4 ol
68 uiq welGeaidini adl Aviald g 9. AFdl il Asedl w8l vl Al du-
oy eldAUL AvAL [Rat (Aseul ysia d uddl) UGl o slleRAL AW@LL
(ex-situ conservation) 1Ml el 2d 8. gladl Aseul Wl Anlaxiidl F=yii-l
sl Bmdari-cryopreservation ds[FSL (—196° A Ayt MBI AHU W2 AAS s+
Ugld)l Gualoiell @[Ad (viable) 2l F-i-ad sadl sagy (fertile) Rl dion uxuou0
W2 el 53 wsa 8. S sBt A (in vitro) sRid 53 wsiw © A arulA Ael-
AatH (tissue culture) Ugliziiqil Gualadl uUd (propagated) 531 sy . cpwlRs Hil
Heradl adulazidl @i g-lRs (genetic) %dil ol oflogticsl (seed banks)Hi @istl
AHURU 12 AN s O,

Fa-fAladdl w2 S8 AwslA Busdl Al 2 dal d A oal gl wles
gawoeldl 8. ¥las [ARHd ur-d AlsIRs qAda--The Historic Convention on Biological
Diversity (yedl WRde-The Earth Summit’) 4y 1992ui R4l 4l 2143l Rio de Janeiro “iid
Ao 2Ad . FHL A AL Aol sl 2 ed 3, Fa-[AQUALAL AaRL 2
QoY yoaldl ddl duy d-l dleli-l 2 Zd Gualal sl 2ud 5 el d alen auy ¥l Hadl
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8. dd AR ad 200241 eERL 25l FALiFuel (Johannesburg)i 2516 RS U
[ 4Rue (World Summit) dicui »udl, FHi (@2l 190 2l ulas 4 aA-olg
(commitment) 44l 5 dil 2010 (44l dlus, wels duy Ms d Hedl wdl
a-[AlHdirl adiid e3M0 AlHwat 2Ll 524l

ARAA

@d1e1aL 3.8 [Bildu- anil udal yeedl R @ani-l Gaulfel axuel yedl u Farazdisd
Ui alaeflsa@ (enormous diversification) 4y 8. Fa-{alatdl 2 ¥as Adlsl
ol % A2 812 el 54 [AlREAL eald 8. a-l [ARre Headl 2 8 §, wuxdls
(#-l[Fi5-genetic), Adld (species) dal [Fa-datsla (ecosystem) 213t (Al
e, AABLAL HAAL AL AHIH AR [AlAMdL 2881 s Gl saMl e 6,

QaeRul 1.5 Mlayq (15 ae)dl asiR wlaiil el sami »udl 8, uid
©% uRl yedl U @l 6 (Mldu- (60 @) stladl i da sl A A el
8. M58l sl e lanil WSl 70 %l ari welladl © A duidl u
AL 70 % cll Sl2sl (insects) 6. Al gl %% A AYsd Ad ol o AYsd Yrodall
(vertebrate) 2lall sl U8l qHIy 2faxil 4ud €. Mld @AM 45,000
AUl il da drel slowell el alfazil e @ 12 velafayada
(mega-diversity) H21lddl 2l USL 25 9.

yedl w2 Adla [@QfRHdl st dd @dRd el g d 15 @ue cudl
(interesting patters) e2ld 8. d AHIUd: GuasRoiBu Aot Al aml da el
ds uedl wu ©. GwusReifa fxul wndly wyle-dl wewayel uredil
(explanations) ¥l U512 & : GwisRei(Ay &olid Gelasusly uHU (evolutionary
time) At Hodl; ddA ualaRRRis]l RRdL Uelt 4 dal 2L 8 atid yaGled
Aadl 5 ¥ a4y Bedlesdl (productivity) He AeM{l il dlu Ay (g 2 51 usa-i
8ot 51 w69 oaladal sl 2 WHIUA: s doriRA Al ddls (rectangular
hyperbola) 514 6.

g, WAl 21 B 3, G2 [AfRQUdlL 4uddy werdl ol WRad-ela, ay
Gewles dal Flas x1154e0 (biological invasions) A1 A1 UlARA4S €lu 8. yedl-l
w(ed Slasi (fossil history)i Sastadi W8S (Aol ge-izil aa wdll 8
uig adi [Adiud-dl 2 W2 eudl Hirid Bl (human activities) 20013l &
% Wl g2 sl 100l 1000 280 dfy 9. addid UMY (UFAR)HL oLl
700 Alavll g ad o & i 15,5004l awiR aalail (Fxidl 6504 aqR
ol 8) addid AHAHL [Qelu-l dsedl Al 53 €l 8. @laHl auR
[Adiundnl siReiMi-audle &ld-habitat loss (vl s30A ARAAL) 2 AV
(fragmentation), (MRl (over-exploitation), ¥[&s i[as4el (biological
invasions) dal As[AAIUA (co-extinction) ALHE €.

yeelle{l Ayg Fa-fAfQudl WraAnd-l ay Riml@dl (survival) W2 WL A
8. Fa-[afudd AABd saAl Hru siRel ABeL GualBiaiael (narrowly
utilitarian), <4lus GUUlBldldlgl (broadly utilitarian) dal <lis (ethical) €.
(Fladnidaedl v ucid diell (viis-food, ui-fiber, tlodRl-firewood dal
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d

L

10.

»llnaslu-pharmaceutical 4913 ) GURid d-il g1l YLALAA-pollination, Fd-{[Fao1e-
pest control, ieligdl 44 --climate moderation dal Y-[Mdt8l-flood control
A9l Yl 4Bl uA4 Al wel A 8. yedll Fa-lafatdaidl azl dd qeun da-l
a2l d 2uuell 2ieusl 4l 0l Ad uet scul 2uuell Akis sasell (moral
responsibility) ugL €.

-[AAH AL A8 <AL, A% GLERALA (ex situ) €1 U3 8. a1+ (in situ)
A&l Aseul Wl -y (endangered) Al dusdl gecdl naRiHl %
AR vl 2ud B Fell 4N Moo YBEd vl asd 8. Ard:Hl
[l 34 Fa-[alafdl Haddl gieadie (i WAdL U22ll-hotspot )l AeLd AL
HIZel MUl YAAUHL 2AL D, 24 USL o2l (UBaH ae-slldst, Ryuay 2 $+di-
oMl) olRd-l AYg Fa-LREdlo UL 1Al A B, iusl BAHL WAL
AERUAL UUIRAL dtl 14 2R Falarel (€l (biosphere reserve areas), 90
A¥Y Gadl (national parks), 45094l A1 A~y@d w@AIRAL (wildlife
sanctuaries) d&ll 48l vol % U[d> Gua-il (sacred groves)Mi M[ABGIA wy ©.
ollElRUA A8 vicddld Asemi wWdl Al @RlcHs aaslHl uelGen-l
(zoological parks) dal a-12uld Gell (botanical gardens), QBL‘-I. Ad $d@- (in vitro
fertilization), WallAafi- UA%+t (tissue propagation) dal ¥4l sl
(cryopreservation of gametes) <l Ugldll AH1ARLA €.

ALY
¥-[ARMAAL 8L HeTarl q2glAl M wRudl.
uRRAEEL 3dl Ad [Q@uul el Al ga Avai-l viel doud © ?

L M2 GauslRoilBa ol A1l atl Rl 2lrle eald © d el 12 uRseuiil

2Ll

Alct-8lot Aoyl AHsAeL-L sloudardl 8 Headl 6 7

A5 A Fastdids Axui ofaald-l Yoy sell o ® ?
(Fardotl Baual w2 Fa-faldal 3dl dd uewa-dl 8 ?
Wst Guarl 4 8 7 au-l A:ael g ols 8 7

Fragndolla Al vidold YR 2 ell-diam § g Mo 8. 2 Aqd

(Fasidatnl las a2sl gt 3dl Ad wnd wd 8 ?
8; wellvlia Al a? Alllse ud ada-l uredl g € ad & ?

Sl gl 7 d¥ dA 3ol Ad BRI uHa ?

arufaill ela-lafaudl (22 %) 2 welai-dl (72 %) wla-faladdl sdi vel o 24

ddl Adl Ral ([@gl [l ast ol 3, wul 20uud el Aidd s alad Qg sad




UsW 16

yulaelly AHRAAL

(Environmental Issues)

16.1
16.2
16.3
16.4
16.5
16.6

16.7

16.8

16.9

$AUL-UEWR 2 A [F4A8
YA-UENEL el A [A42A8
gl 52l

SO-214810 21 du] vRl
Breilcoll 543l
Ale1G—»124R2 1 A5
Gl

AHAY Hsay (Gledsa)Hi
YAt HAGY

Al AR Guylal
2 AqlAa naagl g2
Q5281

(a1

eetl Al IHL HirtaaRdlHi 2Af QL 24l 6. 2 s1e0e vials, well,
a2, dlauil, 2L, il (Hleoudladl) dal 2Riva ol 2Alarg it Hist
(commodities) atiall Wl €. 21 HidrellaAl 241481 sl AL (Alcdl)
U YeiRead eolll Glol 53 8 2 al, well dal w3l uewaul wal
Aol ol 8. uusw Budl Mglis Aunlg Aandlsel (:yan-
degradation) dal oiougl (vagd-depletion) A+ ugMeld (A5l
UFALA 12511 (halting) Q1R Asualdl 2% #3RUA ©.

UEMRL 3 gL, o, well 3 ol clilds, s 3 F@s
aAllisdiziinl adl 518 uel x1H29+d  (undesirable) 3812 9.
il AHY 3WR dlddl 22N UEMSL sdai 2wd B,
walazelly uguRin [esml oval dal d-ll JREL 5aL a1y el
wulazadl oeladl YHRAL W2 oid A wdlarel (Aaw)
[A[AuH-Environment (Protection) Act, 1986 JulX sdl (g,
well A %),

16.1 $AU-UEHA A1 d (AU (Air Pollution and Its
Control)

2481 ARG W3RULAL 2 gdl R 2HRA GlBl, diy-ugus
MM AP DA LAl USiAR 8. dail wsl gla dan Guy =l
8 Ul AUl 50 (AURUSA HRAUA) Y4, 518 oA 8.
AY-UgMSL Hpleil 2l MRl AAAdaL YR WBL USRS e
A USIAL B, 2L SUF5125 AU A UL Algdl, Fazse-
(exposure) AHUNOL A2l AW U HIHIR AV €,

2e waR w2 (du [Qgasly AsHi-thermal power plants)-L




A\

walarelly Axil (\

qurdell (sl Betll-smokestacks ), Al suddtsil siviiil ([iasi-smelters) -
2, GEIRIL GIRL 5ULASIRS SRIRAZU L AYRAIY UENSL Al50L . 2L UENSL AUSLY, 2AU[Fuet
AR Fal (BrgLfF515 Ayl e ol A3 SaAl-UEUSL 5 Ul 8. AHIOHL Ysd Ald d usal
wiLdl UeNSIn 2oL 53 F umeL 53 2y olgIR $18l Adl ASL.

ua], (2q%9) gl

B 52 (ordia)

: = BedlreilRd dir
R, N N /
well/Aetel gl . . . é . .
=9 )
PG Al —> o —
.ﬁ a@ g . eq-l
vYgedl — /-
saMY g HORSEU

veld : . N .
S50 aRiulEd A5 asdlail (uZlsell)

| ERRgdvadus |

| %5 (scrubber) |

250A 16.1 : RAR[RAYA a8

seragdl gelld olgl s1dl dardl el Adl 8; d Ul RuRlAgd vaaus (SdsgielRs
URiIN222-electrostatic precipitator) I Al sz Gualomi Ay 8 (dusld 16.1) 3 %
gid WaR Wil el (s widl gy weldldl 8dl 99 % serazdl sedlq g2 53 & O,
dMl 25 A5 dIR €l B ¥ ¢ ARy suddl ¢ld © ¥l dloéisl (corona) Gauri A
8 A d AU Gl 53 8. L SASZRA Yol 2580 A AL 04 9 il duA Ardlas
werdlaouz 20 9. dAUs uglsizl Al (AA) oudl 2l oy 8§ wuq dlgeulRd Yyaei
50 SN B, A USlsil (collecting plates)dl A2 dl-dl Aol HseH ol % Sidl
AT % ol g8l DA wdl tal W2 YRl 8. WS (scrubber) AL (sl 16.1) ues
QUSRS Fal Ayl g2 53 A4F B, HEsHl Msid widl gedl well 3 Y- g war
A 0, sladl o S e sarazdl uslEll vdld Mol Glal F widl HAAUSL glRL
wel g2 530 astdl el 3-dly ugnaL (sl ol (CPCB-Central Pollution Control Board)
WML 2.5 iS5 & d-iell e e (PM 2.5) s6 Hddl sR12a3u) ueldl Hiria-areis
Alell Ay sl ugiALal W2 FAUGElR 8, AL Ay Ao el iy ddl aud Fsuizixl 61
%S A5 © i d-il A (breathing) daul Mu-Aeit] @&, Gaw-l (irritation), tloldl
(inflammations) 247 35U LA Al 5100 Yy 4 U3 8.

v s HSLRRIME Hi2oudlil (dugHl-automobiles) U dldiaelly MedRL Hi2+
Yoy 51280 8. FH-FH ASAMUL dlgell-dl 2AvdL bl Y B dd-dd dllazelly uenel uxL
wel qudl w8, Aluysd (lead free) Ugld 5 Jloset-ll Gualal sal WA dlg-i-l Aoy

271




272

\
/) @aldsi-t

aianldl GFd uedsi-l ot qeidl usie 8. 3 il Gwd wesal W Gelust
(Gairsi-catalysts) dzl5 W@RAM (platinum), UARYM (palladium) 2t ARUH (rhodium) At
Bl gl aRuddn Glusly uRadst as-ui doudal €ld 8. Fsia wdl sedl Fa Gelusly
yRadsHigl AR A 8 AU el AUl AL SIOZSIE A Slol SRS 2 wellul
3UldlRd 4 294 8 dul sl HASASS 2 USRS L5A0S 5HW: sl6l JALSADS A
ASZLYL Ayl JuidRd uS nu 9. Glusly Radsial Axy sal Hie-agiini Alrld
Uglasdl Gualol s2dl ASH 5181 5 Uglami et Al Gelusia %y 53 8.

@Rdul, 8 2R (Bd-a 28 s7d s Weyar) 2is2-The Air (prevention and
control of pollution) Act (ga-uguRld RaRel v [ 8RR )-198140 »uani
], Y 198741 dul YURL 530 gl Ueds dily alee (noise)ll AHIAL SAUML ULl
gl 2 ARA9d 3 vemdl Gl dsdirdl 2y 8. 2ide wA 4-li%-t (pleasure and
entertainment) A8 AsouAA H2l AAAL U Gualdl 33 el g 2 AHFAL 4l §
giae HiAadi Hiasifs 214 willRs [AsRi (psychological and physiological disorders)-
518 ol B, Fed Wi U - Aedl o Wl sugfil dun Hedl o ay e - 518 Felawu- §
Asedl GoRL avd Al Adid Glul MR 150 IRsd (dB) 3 d-uell ay -l -
AAHL st AU W2 WA dluRL AR Aletael sl ugel (seluedi-ear drums)d Asle
a4 wy & wdl sl Wil wiewnardl Al doous 2w 8. ALAHIU AHUaugd R
taffd usL alol uuy Yl Aleaie] qpadl gasalsan sl Qe qsuq 4 as o,
glated 518 MR, AHal, geddl qesiL (Riedt-beat) a4l wal, sl Adl sediael
Hep vio % deuadl Rafaui 8 9.

tfH-Ue Nl YdRels AL AL ASH L dd dAHIR] 2URAWA SR UENRLAL
[Buetor33L Al 2l 250 9L Fell 515 uRL U5 RS A5 AoR SIS URL W2 AL dRd %
galdl 53 astiy 8 7 wuel Geloiml tafAadins AMAL (sound-absorbent materials)-il
Gudlal glRL & elaied AL AvALAL AL (muffling noise) glRL HIEIZHL 145125 Ld @2l
53 wsiy B, avil 3 woudil AW sidisd (Rl AlMddl, s2us8 2w Hel
walal Wlsd W2 s uRARlHY KRR ddl don uHd gl F talRlaars 4@l
(awBsllsi-loudspeakers) adudl asidl «el dal ds wad 530 wciel uguRiel el odq

o] 33l 9.

16.1.1 cugrieuagia ag-ugueld [Rua : [Beedli 215 Bad »1au- (Controlling
Vehicular Air Pollution : A Case Study of Delhi)

Reellui 2ivaloiy auediql xa7a-Al S8 dalril UeNUL R 2UuRL 2a4l Alell Q4R 8. d
U 2 UM 6loU Fal ARAML e Fedl dlerll § drll Sl UL diIR 512 44 8. 1990+
BlUSIAL 25 ALsI AR (@Al 41 Aell ay uglid 1A WSl Reell 2o 57 @ 9. Reelu
galedl ugdelfl aHUL A2d) dla{lR ol a5 B 3 alird-{l udizu UUIEU (Supreme Court)¥i 215
082 [Rarll 2129 (PIL-Public Interest Litigation) el™é $2cUMi sucll. Al U1 gIaL d-{l
ot % Al [Flel saUML 2iieal Ul detl MEUL €801 allRd A1 215 Alssu AU, AR RS
URAgAAL AMA S5l 0teedl AR Woy watdl (BRI Gwia) datrdl U2 sl Ul
tld., SR dadrl - WS ™R A (CNG-Compressed Natural Gas)-i LS 52?;.
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20024 id Yl Reel-ll ol o ol CNGHL uRaldd 530 sl 2Atell. a3 us yedl asl ol %
CNG L dobe 52l A% A H2 B ? ool 20 © 5 CNG 01l 4y, 13l Ad edau © 2 Al
ol % LSl HAUML e UBEL QIR 92 Ny 8. 1R Ugla-dsardl slotdl 2 ad el ayui
d UZld 3 dad sdl Adl 9. AR gL AR Asdl 40l da ugid § dra-dl 24 dq sl 530
oLl Astdl el CNG FRoiedl sl v AHRAL A [AdRl S/l YL wsiausal 2 2i0ad
Y4l Y2 wigal Hie {12 wduars- weardidl 1ol 9. wd-0 gl ueNRMl dausl sl
w2 Reedldl dail 2udd A1idR wardiziHl -2 gl aledi-dl [Fsia sdl, ARuAtd ugidxdl
Guallol, 9L Aes (Pl )ysd Ul & drardl Gualol, dieiHi Gelus uRddsil Gualal, assl
IS Avld UL (UL (norms)| Mala-L QL2 6.

As Adl atert SRRl gL ed A2 cldld ASAHE gl HguUA g s A
HoleRlst (RuEad) RERd 530 8. olndRl W2 aY, 585 Rl striladil 2 © F4 &d Ugld
1 lovet SHRIMI Add AeSR el IR ueidlA d2isardl 8. 32T (Euro-TIT) Fuvil-Geleael d3,
ol AR s el 350 ppm (parts-per-million) U2 el UZledi 150 ppm U [REBid sl ASL.
Wil edistol-un Aol SHel 42 % Feel amadl Asa. woleall sa wudl Al &q Wa
A sl A 50 ppm HaLsdldl dal dnl 35 %l <l cladirdl 8. oludRia wA3U dlgesl
[BAHL uRL IR Sl %3 usal.

AL 51 YRl ASHL AleA-148(l M2l HUE(Mass Emission Standards)- ®lld 2% 1T

-

5 YA T AHs8 8 d Ul -8, ARy dug--timel el Hued 1A wusl 2ty

Y iy

89 (siws 16.1).

s 161 1 GURAHL A=l HIZAL HIYESL (Mass Emission Standards) St2sHi 2ldd 8.

A -ril USIRL HIYESL ALAHL AH L5
Aq- 451y qlgl G XY IV 2ille, 2017 o q4u ewHl
Biasly gl Mird By IV I 2B, 2017 ol 44U SqMI
a1y Qi Gl 22 IV B, 2017 4l 243 euHi

atefl operaTiil AliMulol T FHURL sl HA il e [Reell deaied Wat 6. 215 HHely UHISL
1997401 2005 422 [Reellul 51614 LSRG (CO,) Al AesR SIEISALSS (SO, et Aluiat K
{12 202 ¢d.

NN e . R

16.2 BN-UGNUBL i1 (Rai=2 (Water Pollution and Its Control)
AMA [Quml Hirasld rouadl (water bodies)Hl d3IH USIRAL $A2AxUL (A5l gLl d¥edl guHldL
530 €l B, w8l Ad Hie{laA Gl 5, well af o agidld g2 a ¥ wh & uig A sl cm?t
248l A (Gl el 3 ol 2uuel @aduiddl we-ud ol il Adldl DAl AUHR m—

wel 8. g a¥ del oirudl wsl ol 5 2usl ai elul A ARl g1l Y-y asidl equl HAA
32020 ¢dl2d 7 iamadl 2l g $180 [l 2148 GURNML dolldl, ARNAR, BRE8L, el
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s

datreyril (Helyvi-estuaries) 2ol 2 HgLALRAL wel welid ol 8w 8. soual-l
RAAIAL ANl HeT AHAAL UL FURALAA ALl AMAL HZ GlRd ARSR Y dleR
([ﬁa'ﬂ.l"l 2=y .fxg'lét 218 1ilC-id,%l"l.)i-l:i.fo-The Water (Prevention and Control of Pollution)
Act, 1974 (¥-uguRng R 27 R 2@MRuH) v 54l 8.

16.2.1 u-qud ARd Ha (AREL Bul ARAq 2 wel) 2d 20eDBis
&y i2u (Domestic Sewage and Industrial Effluents)

UG il WIRIHL 412 UL Uil BRAHL 514 52l Sl eSlal R ol 2lorazgaiia wiellai
HlS olel el 21230 (drains)i agicll £62L 1. 9 dHA SA134 i 23 © 3, Ul Hsiiiad

w5 16.2 :

ul

- &2l 0.1 % N
1. MdBid a-d yel, eld., 3dl, siv
A HLdl.

2. sldd g, eld., o, GiselRuL,
531 i S19101L LRI

3. UGl ueldl, sl.d., WSl
(uze, AMIRaL, s182, ARUM,

slam). Vi

olel wigll szl

IR +{lsid, AlSd Hod Sig wisll 54l
Ny 9 7 UHSIPUHL 4 wu B ? g
495{l gl YUl Uil udal a-ll
Guak Wy B8 3 ALl dadl gaiul
2§d 8 7 AsHA 0.1 % A&l
51281 % d Mol GUAElDL M2 2HLY
od 8 (gl 16.2). did 2uez-
AU Wlre (BR-dURLAAL dlEL
wielldl  Guall A s4-sewage
treatment plant) (A2 s 104l

He9elef, MR irl A%

29 %Y Wl Yri:

¥e WAl 22 Ud 1
A g 4 gMIL Uug
e
221916l 201 [H4%+t (DO)
BOD
—_—p —_—
ﬁ naue-l [Rau
AllRd Ho—{an%,

2usld 163 : A€l 3edls Heraysl AaBsdail R dllRd HaLfaugesdl 2132



A\

walarelly Axil (\

ey sl B, d weldld g2 52a1L WAL A0 B Uy 2ol Rkl Fal 3 AR, slde
dal 2 Qs e, 33 g sl A s1elFs Ayl g2 s yeda B, 1¢, dulkd Haui
woucd Flas Fa [@aedan siollis el auda a8 3 e [Raed aadiel w8 % 6sRul
2 2 Y DAY 21U D F FHL 24 5161 veteliqdl 2R adld Guaial 53 sigalRid
4 A5 O A dell L AURA 1AL S2dis dasiql GudlaL 53 8.

suaisfMsa wilFuw BHi-s (BOD-Biochemical Oxygen Demand-¥d 1014815
AUZAY A 20A5dL)L WU @l AR 1oL dfel wellAl Falae-dly siellfts goadl sl
viely aduddl wsd . ad 391 2d axnd] usl 9l 7 v Y@dl AiAd UseL di BOD,
Yedl A FalQeelu g a2 doit (A weai s31 YsuL L.

gl 16.3 3eas 32810 euld B 3, s A€ AR Hani [Fsia ussl il as 8.
Aslad (well oo} s2d) ouadil slils seari Flas [Quenul Asondal yeodl aefl wsunl
U5l GUOllaL 52 B 2L drll URRIY 23U dAll8c Mol [Au 2w wqualdd
(1A ds+l ulRd-downstream) WRHL 221016l AL [E Al WML dlst G2l 2Adl 1A 6.
artl 518 Heoell L w1 oy Ddidl Yoy a4l Ny 6.

AL af Hul Wins wetdi-l e1la 58 wasla (Yad Ad ddl-free floating)
dla-dl alaan gla wn 8 ¥4 dla uge (Aued 64H-algal bloom) sdalul 2ud €
(sl 16.4) 3 % goudld AHedL 201 AU 6. 2L oo 51280 Rl opRiadl 6ol 8 2t
weoelall Yo Wi 8. Feclls urgersiil dla wpwdl e el e 2laad 31 €y 8.

L wonaiH oL % w55 2051l ddl adufail uR 1ol uadl 2 AeyRul 3o
(mauve colored)-ti e Yl %Al ¢, AL dRulail 5 % ddeil e Wl HI2 LML dladii
21ell ¢cll, daell 24024 glael 5181 vuyel waHRIHL 21aiy Gloll adil waHiel 4 8. dil
adl g2 scil 2uell sl sl el o At Bsudl gla Wi 8. d anula sag™ (die
e\ARia-Eichhornia crassipes) ® % [@al A1l atid axu13u wdlu «{leol 8, dd 22 2iis
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s

6loud (Terror of Bengal) Wl sdaid 6. dil YUl wouadimi

(

el ey Bud wenl 9le 52 9 A d ikl Mauddatsdl
(DDT 25 ppm) ) alfcallediml 2iqart Glof 52 8.

uell Al AL eariAliMiAl dlsd Haul eel
f 2[F2A9{ld A01515 YDAl A Al AsUAL B e BRI
ARAR 9o dtl wellil Msta s34 sielly Ao Fal 3 ML 3

( 412l wiesellil ) [ (dysentery), 2851653 (typhoid), $¥4ll (jaundice),

(DDT 2 ppm) 51431 (cholera) Q913 U8 u% 9.

a3g alldd qarl F Walauy, s0-Gaues, tg-frsie
* e UBAAL, ANARLS 6lrlddl 9l Fal GellolMiAL 51l
wielai gell iz 3 uewel, vt 5304 cud gl (5 A3l

(E el el ) QUL dridl MRAddl drdl Fdl § URl-mercury, $$3uH-cadmium,

(DDT 0.5 ppm)

dlvj-copper, l¥-lead a3 a3 carvaRa) da [alay swilis
Aol €l 9.

Gellollvil «isiHL wiellHi 28l 32als 33 velel welld 2ieR-
gual ¥lasfaaad (Biomagnification) 531 23 6.

DT 0.04 ppm)

(( uelhads j) Flasad-dl e 2 8 3, sfid Wnsda 3al uetel-l
®

Algdl™l a2l 4dl. 2L dedld 5180 ddHl 33 ueldl

sBid waefl due 2wy 3 Fsd (Giget) ad asdl -l wue
i el A agel 2 G2 WS D A B, AL Bl H5YIL 2
Q42 (DDT = Sluseixl uBAdd 2lusdisa) e wol o

([ el ) anelldl 8. wu1skt 16.5 elly wieiR-simanni A2+ FRisRauas
(DDT 0.003 ppb)

eld B, 2L USR wes i Wins a2 L4 bl adl wy 8

25d 16.5 : ey usR-Guai
DDT+ %(as [Rat-
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56l w8l 5 o wiellai A3l 0.003 ppb (parts per billion)al
3 A 9, dl Flas@aad gl 1ol visiRi uallaiui a4l d
25 ppm (parts per million) 3l ugixl a5 . J42-l Gl Aiscl
uallaiil S(EumeL AU A USTAR 9, Bl $18L Bidsa
Wl 48 nd O 2 diell WRusadt ueal qdl wmd © el uellxiql ardl>iui qeidl an 6.

YUINSASQ (Eutrophication) 2 douail Wi Wins drell-il q4iL gt adl a-ll
wglis @eldl (aging) 8. s aFBA douad well 6§ 214 %9 a8, dldLs Wi
A 53 6. AUl AA-A dviami GARAA UL AUSZ% 2§12 Fdl WHS drdl
GIR O 3, ¥ welld Adil gl UiRue 1l 8. FH-%3 doudrll sagudl all 8 d4-d
aduldl dal ueledn Yidikdl 28 8 A s16UHS AAQNL dotarl Al ¥ ddl Ay 9.
gl Aui FH-FH 51U (silt) 214 s16UFLS 21adit] ueiel-l a1l (pile) ddl 24 € dx-dH,
dola ¢916930 i IRH YUdl AU €. dvlUarAL 3L AlALARML DAt DAl UWelrl UL W™
€51-URIAL AWl DAt @d ©. wudy -l suel oH[&aR (marsh)-l
a2l 91693 ot Yo ALl @ B e dollarl HAMd deMedd ML e 8, R dRdl

-

adqaufaiidl WAl Avael dma oS . O, doal WAl ol (WseH-bog)
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Baz ol wRaldd 4 2y 8. vueligal, dondr 58 2 2=y WROOIA UMD douarl
gecil @rldiil ¢2RL anl @l 2% 8. odl vl Gellali-l 2 w4l Sseaie Fdl Hriw-il
BullifBidl oeldl (qualz)-l uBasml el ol avar wHl 9. i vedid
Aad (Cultural) 3 nalSid YaNsALSWA (Accelerated Eutrophication) €134 (124, ol
Aot ePun, Yool ueL wRu olil doudl dudd M e sRaNas 3 21eiBis s
sl PR 2 6. d-l Yo el G2 U 512521 O F ¥ arifail e wns
drle 513 52 8. il dla-dl gla xUABAR 52 8, FL SRA o WU Ad L oA dq ellg
12916+t (unsightly scum) 64 € d1% '§.=°Gl*{ (unpleasant odors) 2Uel & A WML 210l
UBA%A F 21w Helld Dt Hi2 AlAAs B d 8l ANU B, 3 o AHA dvuaUl A€l Hdal
ey ugNsl H9eloliel yel ardld 3 ot 43 O, Fl [QEeddl wadiadl welui
HLAel AL oL Ay 8l nd . AL UsR A douadl Flasdl aralas dd ged-
Yy (choke to death) Wil % €.

dlor-Geulled sl 22d & Gualagd sl el adl ord ARy (BwaL) sy well oflon
Heayel sailel Mgusi-l 2L 53 9. 6wl sl wiellui Gl diuMi AR Adenslld uwdl
[Ad 2] Al Aol A%l AUl AxsAl AvaL 82l 20U 8 2 Ad 41 (AU AUl 21
weoellail duel glenl asiRl 530 a8 8. uid Aot 2ufMs (Razell) arufsgl (flora) 4
uellu4él (fauna)d st wsluseu wssl .

16.2.2 dsl@d s well- Guarl s B v (A Case Study of
Integrated Waste Water Treatment)

Al 1o AR st Wil GuarR Asliid gotll sB1H 2 geadl oid uBuiA Aol 5304
aril GualoL s2auel 53 st 8. Hicl Wi+l GelewuAl uAA SRS (California)-il GiR
d2 U RAd 82l (Arcata) ASHL sUHL 2l gwile2 22 YA (Humboldt State
University)-il FadsulFisiqil agdiotel a8l disivn uslas dot viadld sfd asen welll
GuaR-UBUL AR 53, FU-GUAR-, 51 6L AL 5L A B, (a) UAUALLL HALEL (the
conventional sedimentation) - ¥4l [FRg 24 $AlR g1 GUAR ALNAUML 219 €, AL A8
Uedl UL HBUGLHL MRS MENSL FAl § 20191l R Wil 4 Mol 6L AU 6. d-L g2 s2aL
W2 9 Al 244011 UM 2L &l 24 (b) FAAsUFRARN QRleRL 60 E523 Fed]
sRIoyX (steaysd -l dosaoll el - marsh)i 256l B 8al 6 Fedl s
ffRARl 25 gual [@sRid 530, 20 BraRAL BRI adruladl, dld, §91 21 tseRul
BEORAML il ¥ UgMsid [Fsuelldd (neutralise), 21alfMd (absord) 24+ wRuilEd
(assimilate) 52 8. dl suRL eIl v ag well geadl dd o e o4 9y 9.

2l SR 25 weURREAL AL U8l 52 O ol Falalaudial G 2l Helll,
sl A yallailel @a3usi slemi M 53 9. 21 sisdo-s Rl sweun dal
ARAL W12 ARSI 2 A4S~ 215 Hl 2521 Wel (FOAN-friends of the Arcata Marsh)
SAEIR €9,

2o YL usll A el L B 3, sl veldld g sal W2 well-l #3Ruid 8 8
%

o =

(Med 3 auldd na- (ula w2). uig % uddla s veldl (Gl wewdl) »ed

4

~
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aadsti

y-oiel (st Hie o well %33 A €l dl g wd 7 9 dd st @oudl sl 9l 5
e (toilet)d s Al5d 5@ L 53 dl del glal welll 32el olad ad ? WIvRHL 2L A8
aralasdl 8. Fauddat-dl 2a29dlL 2 4os vid-l Ayl Gualol 53 HnaBeiol
(M-t )L (sl W2 25 2518 dol 9. 8- $A2AAL [Fs1d H2 2L laelRs (practical),
15 (hygienic), s1da (efficient) dal 9L Wil (cost-effective) Garll {dl &.
L <l S0l 41U qu dld A B 5, vidARHIRL (composting)<ll 2L ugladi Hina
WAL et sl ST d s A (gecl vudR a3 ) 3udi uRaldd 53 sy B, 3
Fefl AAAURLS vildR Wizl vagasdl 2l e 9. 534 2 leist-l g8 sl ‘Osiust’
A4l (EcoSan toilet)rll MAloL $2UML 2419 €.

16.3 4 533 (Solid Waste)

8l $URA (stHL ugtel)ul d ot 2lcqadl Aelid © % 535230 (trash)ii R $51 2aumi
2id B, RUIASL (municipality)dl 8- $AAML 420, stuladl, 6l3IRL, woull, sarvisl
iRl elHL Fsaul viadl sl ol ol 2ud 8, % RS gl AsBid
SUML U B A dell Fstd sl 2Ud 9. AdRUIRSIAL 8- $AAML AL Id s191,
veL sdls, wilRRs, S, Hidil, 012, AU, a9l A3 €l 9, dd uouddl]l suRAL seul
geLdl 2uel A © o9di d AHd: AYel Ad 00l wdl el 2 vieal 2l (dump side)ui
A Fsaiell Gedl A wnlal WS ugnAand s 52 9. AR A3 (sanitary
landfills) > vicdl 200 dooudl gadl saL Wl HAAUL AUUAABL I gd.
AR AxsZeunl ad sAAA a-{lsel (Aafid-compaction) 54l ugdl wisL 3 wuSHi gotlcll
gL 2 8 2 ey Yo 5 Welell aisl sl 2ud 8. 2 a¥ A 4 5 1oRH( 26l
dl 4 ad ngl el 3, Alall 1wsd drslFed a0 40O 7 ARAAM ASBFRL R SIS AR AR
Ga el 51280 § v ST LRI dlel sU (garbage)d UFL Hed ol A B § d
YL Y8l MRAS AU 9. il AvFeuHidl vl il BAHIAl BHdi-dRdl (seepage)
RUARIAL VRl 89, Friell oot g4l Ul 4 Ay 9.

2L oL AL G3a B 3 ualaelly qeill W2 w4y ddendla ol ad B,
WIURLL GIRL B AL AAstHL el 22 WsAME adllsd 53 wsia © ¢ (a) Faliaed 4oy
(bio-degradable) (b) Y-i:us8L Yloy (recyclable) ¥4 (c) Faldsed 4194 (non-
biodegradable). 3 Myl © 3 GaullRd ot sAA- 9212 Ald. F sARAAL Yri: GuEldL &
w5l 530 wslA del AAdL 54l A seudlaion 2 Rarl o sad1ou (rag-pickers)
ue:s0L 530l Ao AHALA 2ol sAA s HIE s11 53 O, walluedl veldld oHlui
Bl vl Y5l Asld © dul gerdl w3unl [Qued w2 1l Ase 9. AR Ul Hisl
wgal@uadly sAAL s sa-l ousl € 9. 2uuel sAAA g2l Hedl w3RuUd A
WG Hod dat Slg AU U drll eled 2Bl dlsl vFaldaely Gautedl-ll Gualol auR
53 26 ¢l S5 uRL i dRadisl viuatains Ml ddir U wie 53, Fu3 BilRded
Wse Gsldld d-t Us[%oL (packaging)l 2eqn s - & di Us[FoLL Gualal datdl
RABUALS A L 91 7 Y el 5 HUHL A9 8 R RS Sl 9. sl Uieflel
cioil g4 el well Far dididl B Gualoii Gewtedid wal UsBsoL a3 sy 8. adAui sul
A wWsoUD ul e UdlRReA (polystyrene) 2 wlRs (plastic) WEai wElA
gl - 2l dadl uell ad Bud ysdlal ¢l wud 2uudl 9 st a7 vaiazely
ULHRIME 6L AlRteld, ML 6L el AHA AL AP AW WSl GualdMl 82Ldl
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s3aL 244 yulazail fd Gudlell (ecofriendly) wal UERai-l Gualol s2al Huet 531 €] 8.
o1y AR AL W€l ¢Sl R il (polythene)il Aclladiql 2ARASR gL dal
5148 5 ey gedl el ag Al dd 2uuel Al dl 53 wdlaA el

gabiltdil vl 52U Uel 53 B FUL Felas Ueldl A A A5ASIRS RAURILAL
AL WA D Ul WY Yl UL €1d B, UL USR-L 5L Alalyds GuUAR 214
Fstardl 2iasdl ©. sdivitdldl s2AAAL Fsie W2 Mglal (incinerators)dl Gulol sl
ETIVER)

WA A A4S 43 ddl 52 A $AsRFS WA SAsUMS 533 (e-wastes) 3
§-5UR s O, $-52AA AsBeu el esiacil 2d © 3 wopudld |RHed 530
galil 2Ud 8. [AsRd il Gaut adal S-sau-dl sl an Qs e, Wad
I, AR dal WAL Rt i 9 ol Yetaseel Bal e dis), divig, Rilasin,
Fisa 2 Al el gl Y dnd i 8. [AsRid el 3 S-s2u-l Ytasa e
[RAN3Y Al Guast €l © uig Rslla Bl yrase sidal el ar wRs
(¢188] oilaci-{l-manual) A1l HAR W O, il 240 512 W8 AAAL sHAR1
W S-52AH 8al B uerlidl v U D, AR A S-5AAA GUAR W+l AsHiat
G3d 8, d GuaAR uulazad A-sn (olyel) Ad elu Hrami 2ud 8.

16.3.1 vR2s1L 53R M2 BuAR-L (3017 v1tuun (Case Study of Remedy for
Plastic Waste)

SodlRMl wResl slavllaiidl Geaulersdlial wilRes-sa2Al Add a4dl wdl w3 28
el Gia Wl dldl 8. vieueridl GuR 57 ad-l 8, dil weal 20 auiel wilRes-l
Slaolladl ol 26U 8. @olewl 8 a uddl AN Ao 3, wR2s-52A3 315 ARARS AR
8. -l su-lat diedlod-s (polyblend) il Y uBd WRaldd wilRs -l el wisR
duR sal. 21 G Bigda (bitumen)sil A8 Anadidl e il GUAloL Rl sivlddl W2
AL 2 O, veHeuid R ALEwA S1d% dUl GodlR AL SIUlRAAAL AsHLoLE]
Bigiet 21 Ulefledrs AMaa (blend)=d Gualol sl st wiol oistiadl avid weuy 3 Bzl
yalasis (water repellant) 21t atl del dar el 5180 R+l Ay »RwERl awl 4 o,
Yielodrs oleiladl M2 51AL HIAAL 3UHL SIS @RS Ul sAA GUAlDL $cUHL 2419 9.
wiRRs-531 w2 53 dleiaaion 0.40 3R wR BelauH Hadl edl. ¢d seHgvigl
aua 6 3Ma uld Balouy waay qrul 8. sodlRui vl ugladl Gudia s34 ad 2002 yHl
avLordl 40 Bellex wrdid Mula 4 454 8. il ¢d seHevitad Wedlodss Al s 2
gAgld]l wiRes-5AAl 289 usal @dldl. uielodsel A sAL M2 vilredl UG HiAdl U3
5 6d 28l wilRRs-5AR0AL ex g Avidl goud (smothered)dl Wit eididl aslut el

16.4 g[ﬁ-QQ{lQQﬁ i, Al BURAA (Agro-Chemicals and Their Effects)

sRuvll sifA (green revolution)«it AMAHL sl Gllest atRAL M2 2516UFS VLdRL AHy
A rilasirl GualaL g0l adl ol 8 dul AR Frllas (pesticides), gRLLAS
(herbicides), golllas (fungicides) Adlael GUAIOL aY < af ddl Al 8. L s
B2rll 4l Al 2L RUUBL 2 6L BAML A dldal (non target) Adl U2 URL 3 9 %
Foil G-[Fadrdal Herayel 4esl 8. 3 di @ w5l 1 3 0y ManddaHl dusg
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ylaslad (¥lasf@udan-biomagnified) 530 st & ? 2udl onellad ¢l 3, AwuRs
vl atdl ol ol GARL wee Fadddal xid JUNSASAA AR 53 45 9. AL
wReum a3l sRE uadH ARl wulaay ek 8.

16.4.1 s10[A5 vidl-u (30 w1 (Case Study for Organic Farming)

Aslad s1eif+s Adl (integrated organic farming) 25 Asld, s€1 $u3 Yel « Wy ddl
(zero waste) WBuL €9, %l 215 UBULE]L GullRd 533U 6l UBUL {2 WNs sl dls 514 53 9.
L US1R AL (Al )l Mg GUUIBidl A 9 dl Gawte-l aHdl wal a8l 8. J¥A=Ag IR
AL ALAlud, sRuBuAL 25 vigd UL 21 % 514 53 6L 8. d HHHI-wEA, IR-A A,
AR, Ay ot dal sRRNAS 514 ARl wd s guiara uBanl 53 8w B,
¥ sollA 2HRA B 2 2L WS A 25 Ased 2URLs A weR Ad] (Bsrudl) 2 aisil
AHU 25l ud ddl (2516) Mgl uel ol wmy 9. 2L Qlual (Wsl) M2 AAARS vildiA
Guailot-fl uL 51 32 «tell 8ll, 51281 3 uHe-il Gl wetl (e911-oliei-dung )+l vildR dly
Gualol 530 Asty 9. Gluarel sAAAL GUUIDL (8L vildR olrlddl M2 5A4 8 § il gl vildR
aly Gualal 530 wsid B adl vdell G-l siagusaidl yld W geadl A Gt 524l
Gualol 530 A5t 8. 21 MR (A1) Fetic [[9 Gl eivadl dal AsAd s16iFs Wdl-
Helal (auy sandl ueudl)Hi Hee sdl M2 SRR s ‘eRuen B seum sao -
(Haryana Kisan Welfare Club) 6t=iicll €, %+{l dd¥iq qex-=0va1 5000 Bi-il 8.

16.5 Belwll 523 (Radioactive Waste)

A3wLAUL 3+dlu Gl (nuclear energy) closell Gaurt $2dL W2 35 UL Nd HiAcUHL
wiadl edl. ugdl 3 arRdlRsdiAl vd el 3 3dly Gloddl Gualomi 6L Alell vidrels e
A% Ad F=md AU el 9. udel AL 2u5RMS 3w (leakage)il © F4 & Al
“od 2USd~s (Three Mile Island) ddl A«iolla (Chernobyl) sesiixil A ofle AML
(32elcoll (radio active) saR1L YAod Fsiasl ©.

Beliwoll saedl lsndl [BRI AWl W2 Vol ¥ LsASIRS €11 B 51 3 sl
50 vlaua Gl e [Aglazil wa ©. BolwlHl we o aqi el @adRl (Alds-lethal)
€l 9 uid drll 2l HotA S1280 wat [@ARE [R5l iy 9. d-dl Al 4y aiRaR adl [@sr
3z 8. ddl 3-dlu [l $63 vcid wBamol ugus © wnd d«l sidalii »eld
A1l Avardl ¥32 w3 8.

B oeRl sl wudl 8§ 3 fFaa sAA yd-GuAR (Ya-uRraAR) 2w ul, dn
Yoy {ld sa H1dAdL AASSHL AAS 53, yeelll awdl A darmar 500 Hler Gl vl
wlgld ueaRlgl gotldl 2ar ASA. dH Odi Fstardl i uglt 22 uel dlst dsdl wud @Ry
A O, ad w4 (ARl 9l 3 [Asniad] 2 ugladl asu @isi dsHd 8l 7

16.6 AAGIBA-»U A AlUs GWAdL (Greenhouse Effect and Global
Warming)

Ue1GY AR Aol Gl 315 el we-iell A4S 4F © ¥ AlASIGAAL WA B, 9 diL sARA
AEIBU AL & 7 2AL A5 UL S1AL 4R (glass house) Fd euld € %+l Gudlal W 530
841 sl artRulanl 98l AWl Bogal HI2 sl YU 6. s1A ¢S (panel) UsLU
e dl wadl & 9 uid Gwidl (M)A elgr lsaal ed Al dell Al4e16y &l widl {d



walaelly AxRAI

AlASIGU il yeedl uedl aiefl
dzoldonsl (wrsd) [Alkeid
slivel 53 0 i 53l yell s
Bl 53 8. 21 U5 Al Y A

AUle1Gu
Uyl

W 0 5 oyl Yl yeell-l uudl wr
BulFd s2aL W2 aioll dol-

dotS-l [afel oug « 6.

5(d 16.6 : Alell o1 ARl YR Yausa-Glod

AR AT oMU B 3 Al slsl 2 Gk YL dssinl WS sami 2uddl 512 (Gudl)-l Qe

9L M 48 Ay 6,

Als1Gu wu gedl Ad adl vedl 8 5, d yedldl awdl dal didiael 2y

qal HIZ FAGER O, du 2 el »umd g9 3 %l AlAEIBU AU A dld dl 20 yedll

AWEL AL UL 15° C eEal vled §¢
2 —18° C 8. ALSIGU U AHwAl W2 2
Rl %33 © 3 Alell elglAl AR usiAd)
ausiaddl Qad-u eulaq o aa 8 (usli 16.6).
yedl d$ el AlR(ABGRIL (solar radiations)-il
qaedl A1l (1/4) ewdl Feal [@Alkeli- agol
(clouds) dal Ayl (gases)dl unddsl U 0y
2 oflod Alal oL AUHL glRL WS AN & ug
AILGIOL ML UL F2El ALAIARRAHE MAA WML
AlfABwl Yl Audl u Ul 9 2w dd 2R
530 Ul s % uHIRML d ylad- wild
sl oy 8. yealdl auidl wiRsd [@l3zel
(infrared)«ll 2a3usl 214 s3]l G d
(4:6cul¥ d-re-emit) 53 € uIq L oL
AUl 925l Ul el ueL M2l eUdLAl YRS

N,0 6%

CFCs 14 %

20%

(-t 60%

215[d 16.7 : get APus GRIdIMIA W12
(alay llei1Gu
Uyl AU YLl

(ABall adiaRil wWal Ayl eld., sl QAR B @il g s o 9.
YA YL GHIGAAL 3aldl 53 8 2 d-l Wil ool el west yeelll Awdl w2
2l 2y B dul dd $3L AsAR ARU S B, 2L As+ Yruad- 48]l avid ug ¢ .
us1y yeelledl Awdl 21 1A ¢ dldiael AR Ad € B, GU weuddl WYL siei
QELSRUES, PAA - a9l adid Dd A6 Ayl ald 2ioeny § (2usld 16.7). sR@L 3,

Al ALASIGU AU M2 WAGEIR 9.

Sl60 SEISASS
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AlsIBY Ayl Ml ddl glad sRa yedl-l awdldl G (Rl -itwat
QHIRL WA B %Al 5181 APus BRI YRl adal WAL 8. dld A6t e(PuiA, yeelld Al
0.6° C %2¢, a4dl uiy eq, o Ul Hel 2 elusivil elai Al awi glg ud 8. dsulsi
g O § Uil gdl 240 ARl R0 ualaai giFsRs 338130 Ad © A del wReuy
AL UGLSANL A 5% AU O (gL, el xAR). 20 Ad Jdlu @t oRsl
Rl 2t ddl % Ad [Bauadnl s 2u2Rd RuRl Fal 214 ol sl adl
8. il uReud =oil il ugl el AWl ML Atk 1 ¥ eRaBAuan wen de-
(R (costal)l goudl a3 . Alus Gwidruiil adl uRad-il g4 weudl A [@va &
5% ¢y ul ABY A dsa 8.

U8l Alus Gwidiian 3ol Ad Bl 530 aslat ? d doidl worel (Gl )l H(Bied
Sueldl Gualol gaisdl, Glad Gualowdl sideadin YA sadl, wordldl el (arsals)
gatsefl, gauuel s2q dal HAdardldl glgHl deidl sel adlidl AR A B, dAldldRAHL
AASIGU AL BRIFAA H2L8al HIZ AHidRAYY udd ual sl 21l €L 8.

16.7 AHAMHIN (BledHIN 1l U B8
(Ozone Depletion in the Stratosphere)

ddl VL uddl W8l XTIl R0UA[AstAAL sy
w161’ 2RI (A3 20U 541D F dlciaReil {lAs R
(slievsa-troposhere)Hl otd €9 % aaulaxl 24+
ueellaila, st usiaLdl A5 8. AldiaraMl ‘AR 2k
WSl 14 8; % oSl iRl GUR+LL MRIAHL Al HaL
8 Al AMAMHIN & Gledsn (stratosphere) sdad &
2 A Uil lsndi wresdl [@BRe (ultra violet
radiation)l 2llMal a2 514 53 6. WrAewd]l (el uwdl
e ellsiRs © 5181 5 Awdld DNA daul el Wi
530 wRolell Breild alney 53 8 e drll Glall Glod 21
5[4 16.8 2 wioAlA Bs 2l sRoLvisll G A pypafim 23an AR oA A WL B, ddiaral

A ool Lelletlaabl g 500 463 sy AL ot 3l eatrtl ol nss

8. ol e 2R Al Wy 8. N .. .
2 AL 241 Sioturt 54 (el Sl ASH DU Al o S,

WU ol % 2t oslonel] k ool w1Bas wi[Fu% U wRAsedl Zei-dl Gui
ald 2a0)Hi salaaini sy 8. wRBRlH 243U 2084 dd Add oddl & 8 A4
Arassirll Guz 2B Ad Hlaal il 2uEas AHiFuwH g21dl W adl 28 S,
wloRel G v Aiselor- AHAUHSN 2R, Gellert 2 B2l (wanidlse)

el B o ARNASA) 0 qiqad G NS, el sAALAR sel-a

(CFCs) g2l 20l vandlszer adl waiel d- ga-t ootdl 21y 8. CFCsHll atiuddl
— Gualal lldst (ABoe2)di wd 8. ardideidl (A ol [Qufd adl CFCs Guasl ds
. UL 6 L AHAUHSAML YA 9, AHAMSAHL wRAeEl BRell (UV) d-dl ad Bur s34

5lR (ClL YU Hsd 52 8. $sellReL 2ot HaddlsrR 52 8 wud 2uEas 2iEu
s 52 8. 2 UWBAHL SARA (CDL ML aug Adl Al 51281 & dall Wt Gelus



wulaelly xR

a3 514 53 8. dedl AHAUHOUL ¥ 515 WSl CFCs GRAA 4 8 d«dl 2l 2Rl W
Sl e A A Al % € B, AN 9l AHAUHIAHT A, Aardls s Ad
ad 28 B uid 2l AUl A YIS ST 2A215Rs UL U ALl ay wy 8. 2w
A URRUH 2] vt % Hi2l [RcRML ot 2R Vol % widy] 4 oy 8, % wHY LAd
209 [B9% (ozone hall) a3 2iavuy 8 (sl 16.8).

uaodl (32el-B (UV-B) sdi 25l doidoens«i waiodl (el yedl-l aldiazel
g1 @o1eiL Ayl Ad WS N 8. A3 Aol AR FHG Y 250l Q8 B, Uig UV-B 3
DNA- st 52 8 2t [Qgla ad a8 8. d Wi 9gcad sie o 8. 2dl-i sl
A5l Al (@R usAl AHAAL 54 Ad 9. Hidd-2ivie, wedsued (cornea)
UV-B (3204 Aldl @ 8 dal UV-B{l a4l il 51290 wiRedlsuedui Al »ud 8 dd
WRU2A {Ydl (snow-blindness) 5& 8. »udl AuRed-l wReAsudA sl s U
1% &, Hilaul (cataract) 4913,

AL 2ABdA]l elF515 AU Adl vidATIA 4™ s 2udl edl, ¥
244 w2514 (Montreal Protocol) dl3 2oty €. 0ol sy sl ueldldl
Bt U FE=121 W2 AL 1987 (198941 245125 )41 {2 (3181) vid deil YR scllaR
SAHL AL dll. AR 6le CFCs A 21w HAHUSIRS RAIURIAL Bl dalsall HI2 ©all
QUIT MUl UBL €ld HRAIML lcdl 8 ddl Midisid (AwgR]l Rrerur )1l [@sf@id 14
sl 2ol W2 xeo1ef]l sy Ra-FEast (uslesll wsa) Mad scumi s 9.

16.8 A4 w[Ad Gualdl wA AqAd 2anagll gl vadlsel
(Degradation by Improper Resource Utilisation and Maintenance)

secl AEAU(RALAL) T, 2artdlsRr 2ot ugnsi-l Buid 5180 o Al uig AuEAAL 2 PAd
(419%) Guaial s2ale(l % el € el 5181 uLL 45 AS B,

gl iR w452 (Soil Erosion and Desertification) : A1l Gual
el sagudl W2 A€l dal Ay 8 uig adusdl vidl, eulid (REBid-
unrestricted))2R18L, a-t-ioel (ansels) dal ool Riuduslail gdl s GalaBai
SRQ 2L BUR-L $0gY 2R (fertile layer)d vt o A0ciell g2 530 wsd 6, F-L wReu
op{letedl Y8 AAletl=etirll 2581 (%% el SISl patches) U Y 8. wUL2, L Bo%ws U
Avidl [RdRa 4 Hlel o © da uH gl Sisofloell RS MU O AU WA, A% AY
8. ALARAYIY 3R, d HiAdHl 2Ud © & 01-220{l5380 v 5304 dfdl Fcl AL 5128
UAHIA WS HoU AL B,

glui wiell-¢iudl 21 sl sl (Waterlogging and Soil Salinity) : RiauSHi %
wiell-l 1oy [Fisia 1 dl @l welldl MRlel 41d 9 s gl 15eH doldR 4d 6, uisi
AR 52l Gt Al 2wl wsllii 8al &Rl (salts) WA 9. wedl a2l el 1wl w2
Lol Us a3 L AS AU O AU 918alAAL HOL UR HL 2l dldl 89, &Rl atdl ol el
Wi+l 9& 2 ulagn ([QuRd-inimical) il & 24 58 2 Acid 55l 8. el il
A YAl aiRdwrioH]l Secls A 9 ¥ Ruidll sifad s128l »udl 9.

16.9 [Ra-llse—a-(a-ua (Deforestation)

ar (o1et) (Al AR [ARARIML 3uidR 539 art-~llolg]l sdadid 8. s viely W
Guas(2eiy MEAHL ALl 40 % ooldl % 48 2l 9. (il Ue ML HIl 1 % % %olel
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gl wdl 8 dsfl AhA v 53R cudHi Fd-lsel adsid Rk eu-ly (grim) 8.
fla (200 AL WEAHL oAUl HlAHAL 4 8xsunl qatel H{ld (30) % ¥l
gdl. AElL 2id YUl d 824 21.54 % ] 2wl ARl A¥ly an-llda (1988) gl
aeel Al el 3 awe Aetdl @AM 33 % %oldl €lal Asa dul uddlu
&L 67 % %oldl glal A

d-lszel 3dl Ad wd B 7 ddl W2 58 s 510 A2l udg AvasiY Hida-
UgRL dril W2 Aol o B, dri-logld s Yoo 518 8 F armean sRfaAnus
ol sedaHl 2ud 8 Fudl addl wdl Mraadl e vy Guaed 4 ad. 9ald
HRdl alsd (timber wood), eladeL (fire wood), ah—ug;ma-i (cattle ranching) 12
dal 2w 32dls Sl W2 studml »ud 8. 1L i ynoudl [ (Slash and burn
agriculture) % AL I GRdxL Ge-ydly Al BH B2 (Jhum cultivation)
58U 8 d Bl Md-lsemi sl 2l 8. s1dl 2 aowudl R Ul Foldnl gl
Sl AL € 2 a2l wooud] v 8, 2L AviAL Gudlol iR dils sl
2 O AA A ol ugl Vil W2 5wl ARAL W2 auud . vidl sul wsl,
[BRci ael adl 3l 2 A 2 vuell Ll tami 2ud 8 Fefl dsll Yl .
Bl §30 2w [RARME 200100 @Bl 8 24 2L WBULd YeRlddq 53 8. 2oub-L
Raldl 2 il vidl uAlid sdl, AU Yl A4l dsldd sl 2ddl gdl 3
el vidl & -l 2a3iedl @l wesl Aol ad. 20 yranfadl dessid e sail
2 B Fll URBUA dr-lofEl Ay 6.

Md-lsaed uReus o 8 7 d-dl 3ou 2«uHiel s 8 § didlareidl sield
QML Aigdl adl 2 B 518 5 ga F Uldidl FAsUR (blomass)Hi vl ¥ Al
6l 1280 53] Asdl Sl A At-llo€lel 51280 e Wl WU V. Aol 5180
qudledl [A-ia aaiell Fa-alatdl wel st 5181 oid 8. d-ll 5181 ¥dds
(hydrological cycle) etoLdl ad 8, ol dlawl Wy 8 da vucilds Brusiul dd
w1-220{l5281 HAdL AULY dE €l wb S,

YrtiarilsRRl 2 Aol YRl sl uBuL 8 F A8 uid 1Rl sdl uig
AAstadl 5165 AMA d g sl wdl gdl. ad-oel (@il gedl Dd
yrtiadlse 4 a3 9. A3, 20Ul d RRarML udal ¥ =RacHl ¢dl d Fa-[al@uad
2yl A gauRiugL 5320 dd sl eiidll asla.

16.9.1 a--A&@ui dlsi-l alletdl (3 2»tauq (Case Study of
People’s Participation in Conservation of Forest)

et dlsi-l Agonollerdl-l dioll Slasin 6. An 173130, AAAUAHL AHY-AL AN
Wdistl 245 Hofld 245 Adl Hed sirliaal Hie dlssirl Maral sl s&. AAAL Holl 244
S92 A5 U 3 ol Bl (Bishnoi) WRAIAL €Sl 8L gdl, asll Amws-lL FolaH
gail studl W2 oudL. [BedlS Rl 213l (Amrita) AWMl 205 WA AL ALgAUAL
wRay el il wlEal ga AidA Glell 26l oS 2 deilad AL dlsia sel 5 gaq
Sucl wddl M stual Al 5. d-ll e gasil Yra dldil adell qell auR ¢dl.
gutell Al 8 § A2l cllsizt sl didl uR 2 2w g 214 d-ll -0 2ydiedl
uRt s1uL A, d ugdl delldl A8 A2l dan BredlS wRaiel aguottl disizi gaii-l 8
W Uldtetl 3L 2L €18 Slegiadil st w2 wsi-l ulaoigdidl 518 Prue Al 3
ol walazedl e saL W2 weprlad Uil aldeid s €Y i, slani o,
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wulaelly axRaLll (\

Ald AR AYdedl [BrelS aruma-@m Y2412 (Amrita Devi Bishnoi Wildlife
Protection Award) lludl A3 s 8. 21l YRR Alal [ERdARIAL Al @lFivil 2aa
AHELAA AR 209 B 5, FHEL arudl-l 28 WIS AeMd AL A AL 2L €l

il [Raiaul azaianl Rusl 2Uan (Chipko Movement) (83 Ao ¢l a4 197440
35ERL gL S vildl gail-dl 80 e gl A2l ey e o o oteigl-l uRay
2l [l disial Rust siclan-l uaiu 530

25 weril cwolleidldl Herad AHFAl MU ALY 1980+ LlusiHl UYSd At
qUU (JFM-Joing Forest Management)-{l scu-l 2% 531, -udl 2afRs ayeldl wd
oflA oLelinil 8B Bl aRAUA (At ) 518 vior o 0 A 4 w3, Forelel]l wadl dusl
Aclia oled w1 el [l usil goia-l Gelall (eld., s0ll, der, iR, Nl a4dl2)-l
AL HAL 8. 2L USIR At Aioll 23Y 251 U5 dal 2518 d AR 53 wsiy B,

AR

yulaRelly ueMBl A MerayRl dAAMsAlAL A6 Huu wul, S
(local) 3 &Gt (regional) el @S Alus (global) UL HA-2E2L B,
Quy-ugdel Huu dd Gelloll dal Al Sladl dal URIluR Far 2[Bi-
el et adil Ay 8. d depl, el dal aqufasl We eilFsrs
8 i dall o duusll dRAWA Ayl WA AMAL HE dH €2 sl
%33 . 43¢ Alldd WO ¥ oAl UeNe-L AAlBs AU Ald B, dell
5181 2oLl HUEFA 9L AS N B Ui Aslad-2laoudl wan Fa-
By wEuLl 2iceusdl adl wd O, 43¢ alldd HaHL LNSs ddl Wi
sAA UGZIYL dadl $1eRU Ay €ld B, drdl SR8 YUINSALSRWL
(eutrophication) 7 viel Ad dla Uge- Wy V. elBis s weli
ERal Fal el v 53U IR Wl 2 SRS AL QuR B,
2lelBls s2AA yaardzil e LsAAsRS O, PRSI 4 533
(solid waste) Bl AHRAU G~ 53 B dadl ddl [sid d<Ba
(landfills)Ml a4 5l AL, vldells U Fel 5 YAl A5 WEL,
Bl 533 dal S-sAAAL sl W2 aRidl uacll %32 W9,
fleie, ueuRL Hrucd gLl (eld., Fgast) dat d-l GuR divam
AIdAl 8 5UAAL [auast (leachates)dl 181 A1 6,

Alus ugla-dl o o wulaelly Wl 8; AleiGu-dl audl ¥dl
AR F oAl 518 yedl GuR oMl aHl 2l B A AHAWHINAL LA
waga 4 2w\ 9. AleiB wAl gle weu Ad siel QAIsEE 2
CFCs-ll GiF--l afiAA 51280 dal ari-e€l (deforestation)d 51281 wel
Ay 9, Pl 518 w49 (rain fall)dl Al dul ABs AL voL o
WRadd af 2% 8. 0l %, d Awdid 1Y s uel ugiadl ad 8.
AHAYHIAHL At AA8ut CFCsril Gt S8 A4 © ¥ wRssiod)
(af32eil siffisRs el g 28R 52 6, d-l 518 Al =42, [Aglt
(mutation) dall =4 [Q513) (disorders)-il atidl-{l deuasl atdl xu .
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ALY

-3 auldd Hoel [y sesl sui 8 7 auldd ol gl [ adel adl Rl

22l 53

dd dHIRL R, WAL 5 ol 2 0 AHRL eAHAULA F SAA Beu~t S 91, dul
QUEL oietiall. 9 df dH u0diell Hiiest 530 st 91 7 el 541 5AA B FeL el 5l
Hd 5 oA 9 7

. Alus GuadMAML ddl Al 51280 A A 22Ul 53 ABLs GudHIAHL Al

Rl FEBld sai-L Guial suL & ?
1A A i, BHI UL A6ELA A2l 53 ¢

slau A siad B
(a) Gelus uRads (i) sella seu (particulate matter)
(b) RvAagd a8 (i)  Stole WASRUSS 2 SN LRUSS
(c) 5¢Ms (Earmuff) (i) Gl eli=ie R
(d) Aa=sBEexr (iv) -l 533U

AL UR AEAAALLS Y Quil

(a) YuLMsLSR

(b) Faldad- (¥las Qua-)

(c) oBiorn Hagsu A d-dl yyld-l Adl

w2l5Rsiel GuR it (g w M2 ol & 7 wiRstedl [RABelAL arRiel 2L
BUR Bal USR]l 2142 W ?

7. %Al ARAR AA JRAUMHL HRBAAL d2Ul AHeldl (communities)-il eifsi-l 2l 3.
8. waulazely ueuRd Asal W2 My AlZa3h il g Gual sl ?
9. Al ARaui 2l 53U :

10.

11.

(a) BRelicpll sa

(b) [BraGuulall o1y A S-5A2

(c) -PRUL&SsIAL 8- 533

[Reeflitl anerlefl dal uy-uedel i sal He 54l Ul sl @il 7 9 Reedl-u
i+l dLRiaTl (quality)l QAL 2L € 7

{12l ARBAMi 2l 53 ¢

(a) AleiGy Ay

(b) Gelus uRads

() uRAHdl-B




