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iEfi6r fi tlnffi , 1e46+&++ E tr
'd^, 1es3+t*ft&irt, }[,tS*tr!L
AR. g*u7t+R++, s*tr{.
wt+tr + +,w+fni, B it4RTH tl
i{IHtsTJT.EEE (MADA) ' ftfi
Bt+ tr fr tE! tE F trE€ *zlcfE xX

ts f+ tH H! &z fi *+Er &i)tt*riF "
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g D-lr€I. 4XItstE.AH&jLiA
L tBPrr'AE 6l rFrilitAtHii.
4ffilt I?fiE E P,n tKt1nfiil.i-Ffi
(IRRI) 4iA E &A& *.tll3Eq
(FAo) i€4X#&rtLE (ces

International) 5 E 4 E [ntU.f++EI
fiF,1.(rmces) n'!ial*"

B #q = * + +taH&i+x rrl /\E a
Hfr.- +^rt frffi.xk:i+st4
(1e78+) . S*trff.+/\{4Luj+

+il'fr\ffiv!ffix.+xffiffr4
\1s82+) v e.H +:.fu x+48! ffih+

4 (1e85+) .

96"+g (6frt) (rtH4r'n) (*
tit"4ffi) (xn+ffi) . Htt+ (np+

H,lHtr) (iffiiEH!ffim) (f8fi6tr
iH,++) (i+a{+FE) (iE)xlE!Fr

[ElL) (jt4ft€tEtr{xf) . AH
(e/E ntxaffi'ffi ) ('lE*s-IEE
q) . i+iaft (ffijH+hlsw) (pfi
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E]7 x

nhEr4\h-

#,T /r\ mzooo+re+flr T 
^ 

X, frfiA#ffi H! Hitr*4il], +

!&l* ) \+ Y Effi ffi r'Hl [g jEfi Bf; , Bf tr f; Ft H! tr AH,ff ffi , A *
+.VJW*W*BtlaLW.x (ffiBtr - +€Sf,4) izooz4ilW) ,

HtffiIE+fri*[r], [tJ&  (zKfE5&rlLH;S) <zooq+il

H[) . &  (ffiffitH*) EPiIF, B+2006+9ffi*E,
*fril,d*ffiH, frWTIF-Hret, 6,tl'Htrfla\ffim'Hm.

frBnxffiffi+, Bf;+f'[HI+, &,#*EH*n+trR+" trti.
gIHkl4IruE, FATiffifrf*nffiZhf, 6HEfrtlLF. ftt E

E ffi ,1.8.+T+ 7 -iEffigEA H fA HI 6 Z, IfrTW+'Z#iE+ ffi +L

*Fftlf;tH, ,frtrgBERFt. ,ff. ,6. L, N.nfiHPt+E'.
 + fii *E'tfr "#rH E efi! " p,$HDi/. t' " #ffi + E i,A r'JSn

E+Wtr=ulfrrfi , trtrj\l tlJftrJi, E f S,,\$E'trfd+, 4R
H,fE  1S ffi T Vr n-fri * *H E f^ B! je,fn " + U rE r'J EE}L E f  
tgE , Hf rFtqE*i-E. " r)U+ftztr, ,,\5 A*tu\fr
EEifi. 

^XWH 
eil,'ff+'fA, flt HXmhX/6" infftEiE

t tr -ifrl )y +,u,+X, 1^tt E f^ffi Ttr/\+-4xtkL^,
frilfiHttu#&ffi4H " r8fF,L'#EFIl\+* H+t, {Pf Effi
+e+t&Plffit, HfiB,t+i&++ E f*" iE+xlui$trtiH
Eil&m^WfrEll,, it+. i^+is. iEift. irD4#. #f t



x ffi1fr,iEft

*+i()<, jiJi,E ,\ n f ,E ii l-n',ffi H tr +1. B'J, ff ts H P! tiEiLfE rru

qEj.

)t+*+_+n,+*t .DT frl.frELh i^ffiEllE,f+ g.64, *n

#/i'+ fi!fr EE, S * 5 Jt flU |LfitTtfrfl@' fif trA iFHEIE HlB
+r+^tbr, Hwrn*ffiLt +EE" +trf++A+ffiW. thrYW
(Lewis Thomas) #^ Kfrffi,+.fr>> Q,fn of CelD ++FH, +t

,f tl r,\,Hf x t H ekl H l+ &f *[,f+ tt] tr   xFfi + H, ^s * Zi ft .

&4l19t+*1#t6, trAEru)i*m, yE+E+ " &r+Wbtl+ili
Rfr frfu 8J fiE h &#nffi ( mitochondria ) H! 2H nE*S " fr BElh *t+.
E-uh, tr lt HE E ffi .fq )fr 5 W +tuT tr ltu;t 4i " fr ffi, fi tul t* frZMJ

tr ln H € ffi , 4 f! tl h4 P H 6E E, r8,I3 HE E h,f* fi BE.ft iif ifi
rrtZW, fr 'ffrlfl HEffi B.tl, N*U HHEffiIi#+Sfl #=6ffi m
(ATP) +, fri&*itfrBE'l8#n (elementary particles) HiEjt

Tt ft28*4&, AFtArpE!*ffi *[.{n " **nt*gLihfrM, +El*ffi
MWENIEffiFfiffiffiHhE, Am',fHfr,f|]Aiffii6i, &f/I#ff " F
ffiilX,*, )xt32ifiLfffTEfi,f[ H EH!frE, mE&nffi4.H
+rJ " E ll1't1lt fr?.E*tlIR Atu1fr6, ffiffi mAft,ft1E..t frfrAkl

itr#rtg['f4F], fftrrH+. rsLhrFXHt #X, -H#tultl*lfr
EE^&XHE'fll E dH'!&FAr+i, tilJ,,i'd,fll E BDNAH!}H+, A
T )t|i F_frrlfiiEf'tE " &A T d ! q I r -tk,f| J Jt & frl fr E #,  +Ei
Arn}l6HEffirilkltrf , W4 i JI/I]LI J fiTWifi-ah, yq€-+A
*HEfBEEfriE+i+}[,.

l,r: ltI tl lr'H i*r.l'[, tnE.4&tr? " + 4:r*\At\t] : t, JIl J.L l'l,t f| ffi . ffi + *
i1 |ii1,,t',' li;,lttJ' i/. il\t),. (', M{ + 4;1,'l lfi )t)..ihlrl,' jt\fih ftJZE,
Itlll r""^ltllrrltll ,l , )jtl,/Jt;l\t.t " r'rttrhlrl,(, qniHTx,E,



Hi*x s

ffi rfnrcK. rsfF+B-.f4Bt+Hx[, frEi+€++
+Bx[,iEf Z<tE. #E+HR+, /\#&L+Hf +, D

:I*ZATq|+" " filFHffitEffiHDA (trTH+)
zofrfrklfi++&t, 1+,fEA+trX+/rffi,ft " rf +r8m
, EfE+&i+4"*fliFEE ffJlEH, FttiEgl,h fri

#,J.fi f HttH, HEiH*#r,\ E f*e*ffi +WH
D4'Et,,\X&Uffi Bt+E'+, fi-initlE-*" nE€"

frFA, +h€q&" ftlng,m, LRfrxw, wt_*.ww
Df,'l.Bt;/(Hf , t6F'Efrxr6e,f ffi5*, w,D^

, DJ&88fr4. E#frffiffirFBlEHti'+^"

zoos+toE23fl





X Hft X

Htrr. Hffi5*,h*

s E*4,^+W1F+VJi6HtrF
18 H#4^+*1+W4ffiBt
24 H+htfuffi.tk+'(Eq

32 frfr4----+frfilH^+,fn
41 +HW2HrF,*1#tqffirhH2

51 Tafhtrl#HtrB^Tfr,

60 HIL\HVJ*IR*
6e HffiffiWktt++
80 +HryJwk+ffi,#
88 t*Wffi**1rhfi'85H6
e6 l5ffil5ts-w'M.++h

1 07 iREIJZKfEH.'[,'fr BE'IA
il4 ffiffiffiWti#pfijf.
127 i i.F^+5/rHffiryl
t37 ffiffiB,ltKHtEMJ

t4e Mfilr*W*lffifra1
161 #T16+P!*EB$I

rz4 ArDktEtsUrF
184 ffiABts.Htffiffi
te5 ,ft+ffi,H*Ht++ffihfr?.

204 +442\ffi,





F

4.,S Aeh+ 6t 1F Lh!^tfr.tr *

*\'ai E, m/rPE E{#Er I-y9€)E+HFfrlE RttJ tr!++nEffi'trtr
+, &xE-ffi*trk!,tEE. rEEHt+H'E, }&,r$Ef*iD,J.,

{E E}t,fn*pF HWffi , tr t rxE Hffi 
^*Ffi 

*rtr fttpE-€ H.ft

kitr$.
Xv+xtfr*, tfii*hVFt+ E +x ll+ffi . jts,$*m

*t,t-1 E. tKWfiilHE ffit1q&frhZa$., H +R6 T iEH B!)L

fiR. iHtr. WEULILEB'IH*)LR, h +Yn+ftffiT H,H.trAi

*1,68*l+, )6WMtnT +*H *klHW@ "

HEffi;n FttRtNkF-

tRffiHfittr (George cox) E K+MJITFH+) +k!'ffiit,
+trnw E+HEffi d- H E +n ffi efr E*I ++n, €,+E-tr 4
n ffi -r)r 

+h . - + A U +F tH +h E + * n t+'MH+n " +Vt + -di, ft6fr
ji*t_b6)ftLlfH.tf++"

^2lfr.fr,tr 
+ffiITrA , +.MJ+*frEWXn fitXtkH.W.

'M{Art fikl+hffi,'ft #W fi EEih (nucleus) tr0(ffi T#tr
( genes ) VIMM, r[mff ]6+ rntfl,Lltrltr ++rrt?. ?,alfr,



10 x ffi+^/.Eft

rt fi tultrR, tfr_^*T fr++#RhW+Nn 4L, frfriffita++n
trrfH,k\r,]#l+frr, +h ffiffrHEEt&ffi A*+ffi " )t+*, 4
Hf++ E t &)tt5 rliffi 'ffr E ET Eq H! 4iA#rt 

"

5#+,er'* H't t tr t1vv" + +hwFfii8# PltrHs*-tIF
H',M.4', lyE,,Atufr#-trHlil*. tie. wiE. Y4ix5^ETH!

i+fNE, D)k*F.E+g4. B,ffiA,E- K lN,',M.Efhf+ffiHht ffi *[
b " k+nBh,,\+r€'f* f e tril146*'*l+, m,,l+ ffi ifi -6h &T
Wttu tuulq E+nE, Ee&{ f }eI* ElmZfi .

HlflL/fr (organisms) H'!]4 trqiH, il11++htr*5 ++nB

t Hafrj Fy, " r8j}jqi H tr Ftri ir ffi # Hj lHt tuI ffi&fri p +*.tx, "

E A.{t il fE + u i* i6 D H! H trh * r\r- fi x' fr\w )6.M*1 E+rJ Nl

H ilL* #ffi 9*Ai " rsf + xf '4 ffi Pt iED HE 7: ffi t mf tr,t+ . m$ tr,H

AEWffifr.+W Wli-dJ. H44lE,f+168m't f+H 9E .

H EYI rcMJ -fltxf fr + H!mf E,t4&,fft , 4*& H!+j58,
1}EBhffizKffiffi*" f m, 

^^f+ffi+HqH 
(Digitaria

sanguinalis, common crabgrass) BhHVMn\\\ffitE (coot actile

roots ), + HE,fE=# ffi l+ +K, .,,\ffi Ff ,fft xf zKA H! ffi *8,
Ethm-f +,I+&dE, Et&tr+t* *1,4ffi+thfrl+-ft" qffifi

( P ortulaca o leracea, purslane ) ft Ff x HjEEfItr Et,+ Etr FE

)t, fl x H'f *[ iE # ut,H p!,fi H, + H r + u rfr 4. pH )h Et H i*
ffi.ht" 'tP.*tEWJftrA-l- (saline soils) Fti*Fifr, *E[HH

( scirpus maritimus, bulrush ) *lr trr,JH0il fi! mitr,l+dE, frjfl?E.

Ha +IEHHKtr.l{t.



EErr\l&6EE,\;L+

*HtFE6'!)6fr*

)EBa'f6+:&tr 4!&8.
ItFT.{ti1U}*EEE

+,$ ri+tr)1F++hr EWF. x 11

@ +ltEE1tH!)HBilD.

1F++h\*ft\Ktsfr

5 lrr*, AF5 t-r. zKA. f&Efpt IE+IFH ryJWRFfi+EL+tul

H#*t+,H'HtEX.

*E:a \r

H +It,I-* fr\ ffi.EVY, ^Htfr,+4\illfi E)., lE Ei gl i { 7X,



12 r mffitHt

( oxygen ) t E'fA Ht t'l tr " )F.H"tr kl Etr 
^ 

I 000a\ !g' e
5 E tE & iE,e E ffi rf jiil E ( troposphere ) 6 H't 

Fa,'fA . e Fa. + U

E(ffiAEeH (78%) , H7tEfi, (?tJzr%) . ffi (argon,

?4lo.slyr) . 
-F"|N,ffi, 

(carbon dioxide, ?tlo.ozyr) , +'fUFi

tl6',ffi, ffi (neon) . fi (helium) . A (hydrogen) . Fffi
(methane) . Efi, (ozone) trn-F\ty,R (nitrous oxide) S"

+.-1 ft.* t)J +-+h + # *1 E* * 4+, tkH Ledi iq € H
.ft', mH-ft'ffi Hr4g4qT XeklH6r. Itur*MFXlttHl, t
5,+g freffiNrE Amfi " ffi#ttu fr Vt ffiWrtH-l'f4, tr.
fi (ammonia) . FrH. zKft5-fi,t+,ffiWffi. ,*trffi+nfr
InE, s+r** (chlorophyll) EitAlFffi (photosynthesis) hJ

i$fE+, )&=Ft4*'ffiW4*'hffi.tKkdW| Garbohydrates), #
. E-#ffifr,-=i " fi,frAHe + E4tJ pE)6+Et+ HV.E)tfi XtN'lEH

(photochemical reaction) , MltHF.tr (ozone layer) " Efi
ww*i\'rt, HE,fxF!&$-t tu7 ++h, ft,EtiEffi +f klffi E "

rtifitraiffiffi /t'Troa t2^ H, a#tr&lB, trIrt18a

E, R-2, lr'ffitfe*1trtrft'fft, 'fn86ea\8. Axfir[trE' ft.

iHtT+T*, ffitrHkltftt+, iHtr,fft PltftTp+" iifFfE

x{Htifrat, P+T eF1Htrfiffi, flidlitst,. N'. =. X. ffi.
' ffi. g. tr+xIbn*, xt&l|+htu1+KtrW.ffituEfiJ'4F't.

++[WWW ffi9.fl*..bffiH NL{/J, D)ffiWFEE. ftfifi ,l

lnT, H t3l*,#HthtgW&H (Saccharomyces, Xfilyeast)

6Eit1ififi ryr}' (anaerobic respiration) " HSH+rJ Rfr?,tE

filW ill fi-fl,WW, ln R tr^-r, F fi 'r 6 E, )\ffi-dJ W *,L'PrUr

B, WEhffiff, *,tl'EEBl. E€rEt. " frfrA&fffTffifitr.qf
(metabolism) f'I, *PHfiH! E HE (rree radicals) , jt't-b
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ifi't4fi,E€ ill'f4^fNH, q AAMfifrXAH (cell membrane) f,[l

wc,/6 (chromosomo, fuE(4**trk1ufr2" ffiFt*fu,# )yl+,

fA NT, fi R K Ffi !X   H 2d H B! fi. -1,,f,{ iN :t A H E fi fiT,f€ K
ffireB, EIHEEIHfi,+€, 'ftH#F (enzymes) -fl{t. Efi*[fX

zF. nfiiE (air sacs) *PA, *H+fr1fr4fr4*rfi, €FtB+. ffi
x1nfr, tri8mrE"

tH+rJkl+E (dry weight) Z+, ffi.frT +sy," fr+t{+rJ
ffiffi.*H 55, B tk, --'#"4t nfr*.+.-1+ fultEEHt*Wn(qtEth

HtHtr'frFtK. iRe+ ffiff *Iffi+n+w*&irT q, Htu -fi,,ft
ffitulWF, jHffit ffiffi , r€Ht 1*H!18fi,'tt,,f,,Erti+'1'Wfrffi

( aerobic bacteria ) klWED.lF ffi X ffi Dtttr- F,l+,ffi., q +,ffi

rhffiF.

f*m, l'ft + kI _.-a.knfrWEiBlr, *+JtfrL j&,rtt ft € B't

+{4f , 16FnAr$BE.{.LHiiHEitE" g -fi |X,9frfttFti Hti&tr

Ho.03%IBllEf]\4%flt, /\+frliA*rffi . EEft , *E[l0%Ht+rE
i.

eft + AEft HfuIFt, 1Ei$ I^ €,x.EN, HZMFT € Ft"4X,

h +n, L!*+ -,t-b'M.+.w, &,fr2w1^\+ illR+€ tL,h-f, , *
mt-DFXh&.Affi. (protein) fiEMW (nucleic acids) SEE
W+.ftE+Wtr" ftm, - E efr+ FfiA-al€'.l*98-F"lX,R
(nitrogen dioxide), trtttryHffi6ffhf**+ffi8H, +-E-5

7K#6 FXh fiAhHM. (nitric acid) BlmN, Ifr'#)\!efr2,1fr E lE

th*lm*ffiu|, +YdtArcH, tu# 
^XfE{+6'E!@H"

7Kh',

tK E +-WJffiu) +-# *1 #* * l+ Z- . - W.tHWt /6 6t A



14 N fir^tH^'^

7 0%4s0%7Kr| . FtK + fE ffi '$uK0s 6 a syo, - tt3ffi*.A tKq\

so, " )\1fr#*LtteoTtoN, E+*"+5EEEffiF.
tK FH * ttrJ Ifr .tE 4\1ht P MJ tulW f [ 5 ffi jx H! fi 'tt " zK E )h A

'ff ffi kt + 4 H f4, i9 fi zK - tn + lX, E EW E- trn'E fil*&A tn $
p\ r:E{T " A e* q-. H +, 7Kk1 lE ffi F,+f; iffi fi -i. fX 5 $ tLr{E..

tfl*hxt tKBt ffi *EfRt, u)tKffih btJ, €HF | 

^ 
frtri

x, ffizKsoooza\F" fH%rEttlR*EW&EtuK, t*[r]E*ffi
'f€H (transpiration) +iHffi . ffiffiryJLB+,dlfrit, *Wffit.n

- H + ry[ & H! tK/tl, RH t%ffi # + t{+r] t4 6J fuI 2H9R ( tissues )

#, HAssx XzK*it.l/t#, rEjjfr EE (cuticle) tnrl+L
(stomata) ffift+eft+"

H ++.#+ HtzKi)5fi-r tuK'tfr.lY, ElL, hl t*H lF
th,'l4filK1}rfrH, lE r.f &,ffi Efi,-l'f*&fi,E' # tKj.}*3,
E m*E FX**48 H!trR. brl\stKtl, H TKHnifi& R*nfH

f i6 zK ftt H * rli ffi +, l+ 
^ 

ru fiats.:,tP,I tfua1r-E4t. ( aerenchyma

tissue ) " fE +ryf.&eF=i + Htfi-a,, D)&-fii)mXA rcHFfiffirtk

*ifi , 1Bi$rfffifr+fT ( culm) ffi)HarH4R, ffi:SStJzKfEkttR

6, +-H- tfu tR*[+ trr]i{fi l=, fttrRtKPi l:E Hruffi* +-*t"lL,

E . zK B't A fi, B - flt.E fr" o .340. syo,,fft + fR rt -Fr H'! ffi * +,f*
l;fr" IIRKHIHN, fEEfFzKtifr, i6ffifErt, -ti*l+FE
fftfi. H+)LArcHtuEg, EtR*[ffiffiEttrfi, tRfiA+ffififi
*r'I, ry!^'ff HErU++it, tLfrffiillh*E$ljffiffU, IfrWKW

f E 64, T ffi , f" Hffi n(qtrfr nI *1 Jt+ rh frZ " zK tr riifr H In t zJ< E
g;l(EffiE + %.R* *lH tnru, ffi 

^Atrtr 
ft,frJfi'tflmiHtrffi

{LH, (hyarogen sulphide ) +H #+n ffi.klfuB, PFtR+Efl 'X:

tR, trEffi"+E, Ehletllit." xt+Hfifr,rc+n {rlinRfif5ffi*, K



G
+* r +ffi1F++hrr'Ew ..x 1s

HfrtF,tK* lf_lErytlw*, tr t tR*[ffi z't-1r+D, RAEril1)iF,

WEh,HRPHtEiHffi " jx,I3t-fl ESr&H!s-rlPffi i&HJHt)n,

fr\fe,ElEWJ"

;b,q€.f"i&E

7\pEE,&$&+gk!fiatrwR,,&$H!*E,lEtrtpE Hffi

,APtF(*f. X 36%*E/rpHH,!+E*f, ffitJt5,fl.trHj, BtriE

E SJ E x e, H A [lJ H t-a. tr 5 ]e #EN]W.. ]& ttDf rX ril ffi 
^ 

pE

ffi*! , tzN*l,ii HEE H 1&,tr&1k., X*trJ27%W#+Xr1tr "

tHtZ EE )h A lF ffi , \4 XFH kt )h 6E ++A F\tX,+ HV. " rsrE ]& I* -t
&jr5&Eg kl H {-LilfE,,E#ffi +r$r* W 4,L+ E-N
. )LEE (light reaction4hltt reaction) .F.4)tH(Tdtsi1 " X

#lEHB.\IrrFfi ,r-E+9*/fr (chloroplast) 

^ 
f!A*n (grana),

€+H*nffi W#.M h E (^frfi)rAH) LAH *AAR
(photosynthetic pigments ) . )htr&r.)bAffi ffi C,XWLW.

Jtfr?fri'ffiYifir?, Afi.H+4€:E (electron transfer) f[zKE!

zLfi4 (photolysis), \4bfr2Wll,hl*,+frV,, UEfl# - BEm

(ffrftlffi=ffi, adenosine triphosphate, ATP) f[r6fE4ffr
ffi (Neopn) *lvfiiY#. &&t+E*+, BtbtrR^fr

660, H ffi'*e,ffi rl 9*.Raq'ffi9*Ak1fttb.7-Rb2Ltii* ftl4*R,

wwFt * tr)tru ffi H)1, wLwr.H*n,), w tLV"* *t4yh\l +
?H*e,"

. EBE.E (dark reactionFlcalvin Reaction) H.H+ft1?f./6V1X

E (stroma) 

^, 
frlH)tEDF&EtArPfr6tr4+Hffil4-

-F"tLffi+t F\fr,?Bffi ft,+fr?, X ffi €ffi ( glucose ) fultrt*,W:

R " .g'LgIL+HZWT t*ht{+n E H NBzrl, AiLNltu"R#



,6 r t;*t,ttr

( hoterorophic> HWJIHffi , MF\7 +tiltE+i fttH#rf H "

)h AR ffi tE H 62W{EffifrJ E rrt +rJ Ytr +Kfir EE . )L HE {,t jS tH

VJfrMWX. tl#.tlh4L, &*R*ffitr " X&,fr2%nfiAryJ*1

fi hrtfr, lnEWffi *IEIF. -rltVt\ffi5rtA.

JtBFfrtfr,q. (photoperiodism) .Ez;, E fiRr'Jhl ktK
5n-, xt tH.+rJ ill HH ffi ,I ft, "tu E(it'tP.X. K E ffi. rc +rJ ( l o n g - day

plants) , !n**. (barley) . 4.8 (Triticum aestivum, (df,I

wheat) . ts 1.. HH (lettuce) tnyfr*+,1,"fi&reKEFRH-'1,

t++ftF-l+lL. EZ, ffl1ffi,ff+n (short-day plants) illffi
ft'. *&Wffi . *-uu)p4g2jttKffi F"ffi , leWKE FR P!'Hln T
T Hlfr lk, )X't-b ffifn frffiH & K r'I rf A II ft ,# * . + llt H.lF +rJ

( day-neutral plants ) in 6lf fr !t/tt, IlJ ,li E E H( ki KEff nE 
"

pH )hERff 5[]&, *.tr, Xfr?*.Fifl fi'E, itmiE i5]e*iffi trfn
,l(€ ffi i,Atr " Htrrf f+ f ffi f ( germination ) frttH HKH 4P.

H.h+oaqz"c, Ei6ffitrt2s63s c .

L,*
+ & Kt,Effi fr E ++ g FXh1lH#ffi FI, EF T.)ilLW

(inorganic matters) , HlfnMJ (organic matters) . *'*eF=l.f[
t*zKA"

:tj*iF HHE " KSn U*, t^i.E + HtElirDfEX H pE*

Ht*7:, zl<trtr BnNg. i4iftfr)lFlrl, +MJffiffidrt*WffidrD)

e.frffi tulffi.i&., Z^Wx{ HE ttTt Rt*, e*#*.h tuEt Pti
&."

t&tRffiEj&, trIrlhitll: (sandy soil) . **. (loamy
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soil) fl4fit (clay soil) -t+, ^H+Ul*teirh+n. ffi#nfE

#)/i; (silt) WVY,btbfi.E, ffilfuy1€., rB-r:6zK'H,f*, 'fftffing'E

.friE, &traf++H"

+i*ffimffiE (pH) H tj*E-&f+H#Pt tt +'l+ffi.t*
F " mfn +Kfr.ffi)<?ti+H44eHz lf, , $m4trffi #[A'fE
)fq.frffi,9g1lfrS. ftpH667Ht*&{ /ET, +thf--,*.,ttffirE
M, t*Wt+-KeffitrH.

-tJJ 
+rl xt l:WkI **n(q'tfl;r.,'frl 

ln *E {5 I E a }* E ffi ifi A, HE iB

In rBFr,E, b h+ t_&+ lLw ill yh ffi. " {E a$t kt fl F iu+z + aa.& f +

6f +bi*, HEtt+€fl f }*EElS.

lx+tqf r*1'tffi

 + ffi i6A, fr2\4+i +WN.Ftiii. frilB6la.+ trEM-,l+.

t1*, D)&.trUffiWfl8&#+8, At\ftb+H[tulbtl+. tEt+Et,  
ffifrXifi^h, iu'fkfi. etr. 1886. ffijfitrfH. i$trm&+,

ix Bit#}lhfl f E, trt#f tr$tjfrLriiffi,ft, f"R'tffiW )R.*T tR

R tKil tEy&#zKiE Ht 9*€, B )+ . H & T Pfi XHD tul 9*E tsP#Z

tr, +t&lflffi, zKl:rfiXIrEU, Y4ifi5Wfifr6.6,WtRPE*, E
**ft ttutrEBffi trfrtzK&.#dfi ,f.LmiAtffi rF.fr ffi klZ^+zufr ,"

i^i,RHKArfr,, T ffi &tFr{'ffitr,Rffi4tuil(irill H$[, tH
EI6E+&iLrl(*R-R , 'fEt jUFttElEA +frE ltu H+h*#
B!F:t"
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4-* Azh+ 6t Liht!$*ntr *

H+rlWH+*tr#klVJtF ( species ), #S*'th +,,H, Hli$fE

+ TWE-ffiWnE, #Tffi E *lHe&+ ffMJtr5 FEE,tryfEr'j+
tf,Ht)trlfl, &*Mfit T \ilWWEKAfr," El if, xgr*t.H^tE
+.ryJ+4lEitgyf H+ Mlkklt*.^9rt,, intlia. iai+. E

H. Htr. Yqift. iffiiE. Ei++, Af.W%mttFKY EB'lrfH

Ntr, t6WMW.fr+EWxffi,"

zKffiY:,Fi6El7.fr.

&&)k4nq +, ff+tJ4i$r IEXbErI"E *\tW, &*
Mdli+ffifl+ Ht r& KRtr " u)tKt9h lrtl, ffi ,fEr'JT Et
i*. Ih*. TKrl++KrllHBtKSf iED, *TMFt"T Hlee
#R% (upland rice ecosystem) . iftzK4.#Rfr, (deep water

rice ecosystem) . ffi'rFfE4#4^ (rainfed lowland rice

ecosystem) fEiBTEIHNA Lit Grigated,rice ecosystem) "

HKRtr 
^ 

FfiA kl +.ryJffidJ, #l!ffi F-HEE Ht ffi E{ff HErt

1-. /tFE EH VrH2tr.*1}9-*W, t{fhE ftA ff ffi+W7tFE 6E

W &FXlt +68 " r8,tj X 6E+ E,fi A fr! HAR., &.* 4tr t #! HE iH

ffi . i8,Lbffi ftH!688, z^fr?E E#^!fr,+Hfllfrff "



*
+#6^+ff)++hil'rr-dF- x. 1e

WEIE+*Rrrt.WHtlLBR, i8ffif ff# (population) ft
++rJ#l* ( biological community ) 4 Ffi tfrTt E\ ? rtffiiElE H
(multldirectional interaction) , fufifr. ffiA. +e. ffiH.

tr H+ . ]R x7 ffi+nt+ FJ 5 +ht+ zlEl k! tE'ff H, HE x'I',f*+F

++h ? ffi 'l+ ( biodiversity ) A'tL;ts.fu1ffi U "

f,,? (Competition)

*HH (Andrew Jackson and Julie Jackson) fufr,+FfrTful

EXE' Yht+ ZlHl tuffiE! tq'ff H + Ffi H 4 E A'8 -vtfr 
"

ffiArytffiHlFltr, 4lA-+,&,I48' t T #We^+n E +

tion) .'frrlinieffiEB'ttu#, WhXE%rHmBtri$HHf,'fA

HWJ-.W @4rii+ 6 €.,f.4 ry?i,l' Et lEl + .

T7+nffi i-lgl H! + +ffi t t+ hl fr + ( interspecifi c competi-

tion) " zKEEH'lf4H (Echinochloa crusgalli, barnyard

grass) . f#+ (Leptochloa chinensis) tl&ffilbHtr7Kffii_

lsl E'ifi S''8ft--.6+antlffrl+ "

t*MrllilWfr,+ Eh T #WFE )6. zKAfr##+' frdtfhL
litWH+EhT AzK. €+2. *'fffi D)}-XtHkIMFfi "

E&{tH*6 2h+ , fr'+FfiEifi*1fuffitr q4 ' rr] XlBlt 
r+EftU, F\lntftiltrH.. :&Ftir.f4dEB!ffi{+, Ve-rc+nffi*tul

6IE+6EE++*,6, *trfi ,fft ft + Ffi 1 I tuill^ R E R, r,\,ffi ffi H'f€

+n*lP-E'"

ttiA (Predation)

fffiAaifrfiffiA. Affie$f5+ , 9fiffiHa-"FntffiAa
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(predator) fr\ffi+rt (prey) . 5E t{dEAEf+lntft++ftgEEt
rn*-.

E ffr. A E fE +, +H H A fr\ {,y. H lilTFfrE 4lffi € # B+,fA B! A
4' m E.i iE 6i " lf|tn E ffi, tr fE 

^ 
6'&n FXglA n ?; ?n # Wt tfi. ILM,fo

A zK E Z [n, 1ffi * ]E e, tr t H +h *wrg tr [ frn= l,\. ru z / I tri 1, x +ffi

C H Fd, . E & RXqt+ fr '1i -dt, +p [A E lEfr i6EE H.! +H, iH]E

& E [fttrtrH E ffi,H.,HH! PN ffihFfiTl*ffifx€+ E Ffr.ztr, #
+ Ff,,HfXtril, lf*trtr +ftZ #ryJ*l+En-F xED)+,#, Rl+ttg
f!fit&rfrA.

,FU ]IJ ]ffi H # E. ry. fu-

/l' ,S J4. Iri ,J] ii5 R fr E +-

'& (pests) Ef,i#ffi
I{';ii lj} i6 ( integrated pest

management) F H!tr9
ffi.W . Irr) ln m E H! S,A -+,

(Coccinella spp. ) HEfffi€-

4TA, (aphid) . /lH-e,.
#ief,fnfl-effi (mites) , El

rth& R H X H.l[4.,ff z xfrt* ffi iA B A "

zKHEE!^str9*Hffi ( Cyrtowhinus tividipennis), Ft-+.f[

#A (ny-ph) ,!+ffip, +Dl,iE \Ea (brown planthopper)
qp i+. HffiryAEfE7KfEry4i5t4iffiIeffi , +xAfi{ffi ++t-(
E]. qp " IE H H ffi 

't 
H tr ft i{ # qp },t,fv, H, * f,, :l+ ! #$ +fr   trf, qE

^ 
r&4xqpi&. -J1Hffi B'tFi-H,, -xHErt&/\ f I tr).,iE (8f,tr!-+,

,p . H E E ffi &-tr.frl 4 
*H, 

tr tfr lF,l' tk ( fil r,J l['r: 1^,&. B{Ft it tt
lrtl "

@ +ffiAEF+lfi!1H;|tr"
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H + +J[ -+, f E E A6 + +ffi € A xt r i++'t* 

^ 
-H, nrj el B, tr [tE ft,

't#"ffi *l\ frlifr,r' a Lh ffi -4, tr atJ * lfr "

6 4- (Parasitism)

d +ryt +ffi &fr Efi\ t+fi , lsah+n EfrN4€Hi ffi Dh&

t'B lt 9l H *^ ( ectoparasitism ) . # fr H+n +-ifi A tr +'f.4

inHE-H,S, tfllrtElJ^6+, (endoparasitism) .

d +-ryt * I t1H q A?.F\h fr -tt' ++ntu\ffi t.'frrJ 4u lE[t
( Anophel e s gamb iad p{t +  14Eflit rL -dx., WLbiNt)1Xh rl

fr ++n " Effi+)E&'f.4I^ Eitrtr4, (Plasmodium)' fit]FttHE

f I HtrW ( malaria ) kl 6r d +Yn " H24t *Wffi ill H b+ntT h fn

I-f,'f4 (pathogen)

A&{L&#6^+, H4+ (Cuscuta chinensis, dodder)

E--f+H ril, H! H,+-*H. Hu + XA #.uffi, A&6, E'l +
+.frrL\N, KEAryX, nIlaffi.h, - H\Xfftfli, lLffR+-

( haustorium ) H!++I^+SH, i^Atr ++ 
^ 

fulWtrR ( vascular

bundle) , t\fnzKh't1H+t. Ats^EE, -ffiH.rL+fr?V\
&f €G, rlL?Rfr tX.D) l:Bt ttrtHffi ' f"E**ffilt e,ff'l Ht( "

fr E*l tE +h, H tr H H H -E ln {I't' ilE $"E ( stemborer ) Pl

( parasitoid ) E! xffi 8,,*,8[+1ffitl,'ftB,+, *\-ele* Ll+ " H J!4

%rH, al (F h +.+n&* if-H, fr\H -'$*b,lt1ft EH,B[*, :trygE

Kts.BE!,fEH.
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+!4. (Symbiosis)

teEffi'fFeVhffilhE',$n*t*t)J* . +e trJrltru't
+, BFHf!+H (commensalism) flqfrU+& (mutualism) 

"

htt)*+^ffB[E,f++H. A,+ftJ*H+, ffit+ H+aJ*FJ+_

ItuT*ffil(E " ffi i+H!,ryfU* +.1r1+ F.[l! +tH.W Gpipnyres ),
,E frfilEttffi4- ( ferns ),,f& fft + H t Pt fif + i tf 4x pH )L j+r- )L
# tE H, ^sH#XiFHffi zKfnrdfr4TzK F HtU#14. Wt +ffi*n
T+xtt1hd+B!tfifffixffiB.

fri) ) \ + kl l+.lru E tR B H ( Rhizobium ) E -s.t|]+H+n Ffr M l\W tF..

I*i (root nodules) . tRlBHr6tr+.+e-.,r$r-Elfi, (nitrogen

fixation), 6 FxE-tr!4.N,A+nHffiyhfiUH, _s t+tH +htttJhffiMffi
+ftL+#tl- tKitffEMtPFfi"

fl -+E-fr{*+.*l lnl+E E 4I ( termites ) frE,fll H E
4' flrr E\1'M.+.M1J ( micr o - organisms ), @tfr frffi fiE IF. *-*^th
(protozoa) " AN/fr?+WF (celtulose) \lffis+h, )Zt_br+W

t ft A ilXkl EVr :€frr Afi . ? t+'M. +*h tH tL,, Fn t E $X n] U fr U H ft
+r), m'tx b'M.+.rh e.EE ilffir+ wR, #ry HEEX& Kffigf-
,H,"

td.6T+HAR2fi,+ kliE_lFH, q.Df, //.K* (-) +E
fr tht*Zla1fitrtEE-*'Rtnlitrtn-,*.f\1,



EA (-)
XfriltEH trR ##

_n-+

1ffitr

6e

ffit/f..Rlk, xnz'trfrlj
r+n ++ rrJh fr f\t4iiffi *+,tt

HE+NtrTIJ, H EtrTfi
-l+
t/

Hflj+H
4fU+H

- + +ht+tfffil, fr - + +tJtfi ;F *.Hnfq
ffi t+a.f+Eu t't ft x 4, tftttl

+10

+l+

+*^fr.+ffi+\hr EBF. x 23

EinfLJ fr++h^)tr

+.*Rrt + .rEi fr\ ++hffit+, 4,fi.fr+H E-bh ( aetri-

tivores) Ebffi+-+rJ (decomposer{ ttlifr\hfrTtEWztr, ft
tl*+i+fY+fHfRFtHtHtr (humus),'fEil*ffifiRA. &*
+jBffi.lifr,, iLtE MJEHT+-K " n+H +ryniB*Eildl. ARPa'. 4-H,

( nematode ) + r+ fH fn€ il1tr ( - fitffi j$ 2*+,*) # ttr h'tfih$y

Atnffi. (-W.,>tl2-+X) , ,i mHfinf,tt1,tfr.tu1 tT, +ftH'rt.

+_tn#ft,}frqtFHil1-,&4"

h' fr+ +Yh @+fi Effi 5 frffi , :gt3'M. +W fr\h til fl@,fi tH tLW
(extracellular digestive enzymes) *W++ A I *l+lfr , t-'lEtit

H+M1ffi!(Bl{, i{f+HifrrfrffiiHH (saprophytism) Il,
u tr ezfr t4 F+ H til"l+b tr4 h ffr Hkl # i.+il&Lr_, E ffi + 4a
tlL ffi.f5'I!fr\ +-ryJ Bq ffi ++h ( saprophytes ) . t+ 4 t I futfl+rtffi E
illffi tr t4, A[#^E.)ffi e5 6 H++,8 "

T fr4 +-KR2t + fr\ + +h48,tr F, +_E-# hntrlffi aw ?
tr'l+.tul ++n'ft W, *r* R\1trlt 6E lln f U ffi E, ,,\+ H! + * t H lR

PE.
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*_4h tu tfi 4t,+ 4rfrrl.

tRrB+ trE4t,i+ifr , +18+,&,ffi #rtfrfrZtr, *FFfE ru

nn|Lh Lf E, mi&{-LFtirl,l. xJ1tA'f.LFt+}F, +,H.lLFx"Htr.,

ffi Mffit5 tul HqE + /lE1iffi fi ffi,J. -4,, 4N.XwRffi ZtrA[AFt  +
5 H tilril th " -u.h 

+h &7X D)H x h a +n, nT /\ + 5 + 4t fi x 1ffi E!

lhfut tr *.yD))Zt-bHA-drt'n h A . -6h+n ZtZE, E r= itr:t'
ir-4I^r.+tfw#]+LK"

+,nffiTbfiE+fi,H4

fr 4t Bti+ifr ET,e,H, *lr ffi E6I&ffi 6 f +*4h+ EP
h (@+fi HH 4_th9n2*tutHwJ), 4)tr*.tYffia (E tfiD)tH.yx

n€ffiH€Athlnft, +. +flH+) . tKr*.t\ffiA (@+fr

Nftrrtthfilt++ ) . = 4Yl\ffih ( ts,+fr try frE-ahthln*

R. \!fr++) fiE/.tfr+h kltlEwa. xtr+e*^,fi,+H +
W tr fr\ rH FX*f h, 

^E' 
fr ffi , 5 2tr2R fr1 Wl E + ILYL*, &1IJ E *

A 1F +-ft trl tl' rf H . *t-rnR ful tlf ( molecules ) rB[ H'EE

Itr dt, #A ffi+*T |LfrIH tll,*h, ln4fr.tKlL,+'+rJ. E A Ifi.E BA

ffi (tiplas) , &Exr:j5t,1!,, dt?lllt.*i. l'ttti (fungi) flt'd
2*,ffi Gctinomycetes ) + rl fr+ #,'1|t \-t )\ Ita t IN. i fU 6.B, Ft#*



*
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tE, fiBh+-Wthffi.4L+1ffir6 (biogeochemical cycle) . ftW+
#ti.p,+wl1E4+, trh ffiTWElifiAA, Ffi6iH^, &,6j9
rts"

+_yn Ifi , ffi . 4x,+ tffiTFnt U b h ffi + p/I &,

4 ttr"Wl*. (Organic Phase)

Er8+F/l&+, +ry)LRtrffi. A. fr. fi,. W. trD)&.
'MErrR+WEH+nil+, 

^-+H+ry, 
(trophic level, y'Iffi€

'I*EIREXH HYn tr) tfidtll fr -H +*.. Aa+ifr 4tEfE +,
I& E 6 Bf ffi fr , 6E tr &, 6 B[ ttil,,] " lrtl tntfr E E El HI, r' fE $"q E fE

f+Arffi€, :l#tAIFHHiEBliEft (starch) iHffi . LeH,lfiE

'€+ffi €, rEtrzHx+ffi€ tr@ " fttfr4")L+H +2*.tr, *UT plHE

treFfi*tllitLT "

{cll"W W. (Abiotic Phase)

Ar8+the+, 
^H+nffiEifi'

[i1ft[l:ED)T*8tr&H, -#'}[t]
tl ffi.F\)itrt, +t+tn%n egi Btr
4RWW. fftl\n *ffi fr\ pt,+,i&4t 

Afr ffi
[ffi, PfiEE Ffr,Tffi€tsFAffi, ]H*trX
f#A m Ffi,. zH)uE fl! +1Ftb+h+iwfr

IE, il',f,i.++n/nffifi )ifll E!84.
F, r&pfi+xfitt, +4+T++fi

@ trH*,E.
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trf+1ErT)E-*+ = E*

+^+hlbffi.tN.+1ffiffl5tMtH#tE4 (nutrient cycles) " E
Hf ry+ , E+'{ffiWit8-ffi=f+9fr' Bp'ft'+7t*. HYht++E1F

+M|WB* frryklH+itEmft

,K48l4. (The Hydrologic Cycle)

tfi,r.**ffi%J7o" tLtKffi_ffi, ftMl+*17K68+, iEzKF[ fi
klbLIIt)&X, 2\et.zo , XlLfttktufulK)\, q\z.zvo, tfu'-F

tK?\ E o.zN, Yffi iE 2t o. oos%, Yolift 5 i l=& fr o.oo rN "

zKfrtfEflri$fE, AiEi+. ifr iE. YEJifr 5,&t *1*.y;rcH

+ffi . H rsLhzK'f4*tsSUt-..tr + ElzK*ft,' 4#z;klM*W

. FlHff,fltpfifl,BtlE, iB7+r'jlffi4FnN. E. tr. ffip##$tjtre

-t, iriiilFliXit4Sl4/ I I, Jt*[Aifi EI]Ei+4iffi iH, 4''r!ilt4 \
+.trFIXleT/K.

til*hn&W1ltKh, R6,)'A?ftfrffi,tr 4H2RfrJ, AE**Fh

iB i$ # ffi 'fE H tr E t F=i E " dr VJ Ffi ffiWVl tK /tl, )<*F 1.diE tr fi F

iT (perspiration) 5flFiE'ffH (excretion) lEr6rEEfl.H. zK

h frlh€ ++rJHiHAi, +ftiK* ffinlq Efr ffidt, HF.fi.FXHMttH

*r1r-. Ef+ H!, H+rJkI Hfr yfr-dt &Wa(iJfiB,f zKi) B'14tr,

fftllstrB Vl#.f tr, A-r. Hiifl trdiffi ruHtrt Bti,Etr "

iei+rf ,E]* LW +.+h 1FH' Etr, t-1 E + €xff H kt fi
-.., ;lr *[ r] H Ei+ + tuI l+,ffi ++n P H " in R & zK?E rli :jfiE +,
lE yfrWfr W+hffi  i&i+, €Fi rs,Ei+Ya? +.MJ *#tJffififfi mt,
flF /a*F,# ffi fi ietrX+AT p+, }UI*.L tl EVJ e,Wffi rffi E#fu
frl "



F
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E*.481 (Carbon Cycle)

ffi.ft#M +--ft B! f, f+ " A t -=1 + , --F.|N,ffi.*l€ trn
0.03% " --F"ttr 

ffi_5'F"-1xt k+hil1**n(iJBti tr tr. t*[+H
+rt lEfrH'Ft"W nfr ., +E A +h fi ffi H ffi il frqF H HE E, ffi Et * -a
(l,W.ts7K " ffi!(84 ffi trfE + , t-18 Vt -F.|X,ffi,+*A rc

(heterotrophic organisms, lStERH+^yh) iHffi .

ftA ff H ,e-I&I*I *ItHEi ffi eft,df5 " Ar8+trfg +,
*&tilw 5 r*efrH fiil H fttr* F E&4x 7\ pH HE, :t4 _ fi, kffifrn *
H]FNHHEgB,Tffi6ffi"

1F2*E frH (non-green bacteria) . ffirfrffitlhY|.Lfrffi ,

W h'eH )tA @*, fri*fr! H )6 HE, B tt.,,y,'rfrfril ffihklX.iata-F*

+ tr f9. l-L + frV,, Fl tt - Ft" /tLffi. ltj! H )flt"VJ " )st+ ffi.Fl 4X, tE H
(carbon assimilation) ffBhl.Lfr?#Fy, (chemosynthesis) 

"

W 7 IH ffi # E THWJ # H *1 W EN IF H Hl+' + 
-F,I+,6fr2, I,

6fi e, HErEE H ffi*n# rftfi Ht'HA,T ffi 4L, *,+XXAr + P e F
'ffi., *trtrrfis|Jtft+"

7ilt*+h1lifr./6# rlffi 5'lt'RHlrSilE+, I))&ffiWH, blln
ffiW+\ (calcium carbonate) #Wfr+fiEIX"4L (weathering) ilfE
+, &, HEffi trI ..'f,t-l,ffiWfl] t-:, 5 zK Pt Hl+E .

'k ilt WIi 5 =fi {t ffi ,,l.iei+ W+f W.rc ffi ( diftusion ) &, ff
rE ;lrh1 + kI *-F"|N,ffieE. S *t iEi+ Effi Pt &t ffiH E, ^H-

€ ffiE VV,X5.+ 7 T-+ l* D)i . iE i* Pt - F"lZffiw tr tK 4.*-*h

klwah.llBxexF.tulwfrl"_-atLffiat-1+HEWT4'zK,H
+, Ft)tdRW. (carbonic acid), XtHEHEfuIffi l-LtEH "

ffiffi*erreffiffi#E! (H#fi.{LAi4), Er, ++t+E



28 x ffimtHffi

211+*hlfrHll,r.4d*.*+2tr, Aft+ il1=F.tN,ffi€E6ER5 E E
ffi " e-l+ ffi=F,|N,ffi., 2\H soAasxiN#f fniEi+ryl&' ts

* *1 
--g,,lLffiiflU,fB 

B E t-r Z# " E rgto4, tF=r. F *1 *fl4.1,

ffi ,&H E ]g tr sfll,o.ozzv,. tRffi ,ffi it, 
^ 

ru2000+ *1 -fl[l,ffifi
tr t# 3U o.o 37 s6).o4%, 1\2020+at *rt sIJ 0.0s 60 .0s 6% "

,lr^i. + kl *.Ft it-ffiAElE Iu, W lB4fr?1frr }&$*miHtr
fiH, rEFilI/ | I. )F dr6ffiHHfLfniEi*zKH'tfl , i+*W'6,l*,

Y k1 &frl?tfiiEzKi6iA, 5 I H+$^XE1E H! HAA'ft .

il\,4E td' (Nitrogen Cycle)

E\ft* t)lH til.{46E1 4ffi Ht +fr m*, B h F.F-'X, A mgl

LE"llditl, m E E trtr€ HttJ +W W fiJ &ffi ,HrP.klthfr? "

. F.E,lr-1frt+4lla., AE frttN" H+HfnflXH+*
fUH e-l + kIFrR, trrkd'rniBi$H6rfrffi , btlln, tr -s#.tH

WX+*lMMffi , liWB"lRTr6trFtH, *tr18-b*t4N'hfl
+ffi (amino acids) , j8f&rt,trfEtrrh+MlwRr{8ffi. [ftT

fi'4l6fi,tr8, Fnt{HmH (nitrates) itA+}*, &ffiWJWtW.,

H4fiFc4^*l +lL RM, AFntr E /8. )X+WF;W kn-a&m
frt i$fgffi t tr, H tl,tF H ( nitrogen assimilation ), fu!?tr\,W 4+'

t6HmH!trfEfrnhhYtt lF.H (nitrification) " rx+'ffH @*frffi

+84[/]&,
ffi * +Pll W-E H M{H{-L+BEH ( Nitrosomonas ) :16fi fi,

il"
2NH+?3 Oz * 2NO2-+4H++2H2O
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ffi 
-4'[.1t 

W. fr6H rhff H ( Nitrobacter ) :l+ r[dH mE - b F,

lN,FlinHM*;,

2NO2+O2+2NO3-

WT HthH'A, N €fl +HriPt HH'ffH (ionization) &
6EtrEtftA,.

*-fh t+.ffi W 4\ilf + F H ffi e' -A E +rJ ( nitro g enous w a ste )

tatr<R (urea) . E'm (uric acid) f[A@+E tIH+rlfr+,
1z t3 E +rJ tE +_ ryt rm_ tr ffi 4N, kl 1ft l4 * t+, 6E 1B i$ e {t {E ffi

( ammonification ) W e. A [fi.++A Ff A, * tr H A.frhY |N,ffi
( nitrifying bacteria ) \4 -F"nH lL, ++ +4 fi dH m H, Effi L+\HVJ friJ

H.
fr-F'0ffirffi.ffi+ , -rtbtl* + H!8fi,4 H' ( anaerobic

bacteria ) ln frt-Artr t*ffi ( Thiobaciltus denitrifl cans ) AbUi *nH

+LtE H ( denitrifi cati on, lprtl$ frifl"F"lE H ), g1EHW.uAW tN,h'R
-=1, Elrlt-1tr.

H *ryARtrffi ffi  frffi H T,i*THt, +**fr\T$ffi f,AE

fi#" - E t'1+tu1.fiq,U+rJtrdefi4*m:ffi1n, * HMFIW.

N, +H.trh -y4l6fr1I + 6W fr lL E l* t+, ly lF W *1 P E&,t4 B tL?,

mvlt)il."

ih Er nf"trEtf. (Phosphorus and Sulphur Cycles)

W 5ffit84. 7Ktffifi tT-nlBqi B! E^# + E, W *T D)'=

ffi18H565 (calcium) ffi (potassium). H
(magnesium) . #. (iron) meFXnXW1,A (phosphates) , /f



30 x fiffitH^,t

wW., RH D)H T M# #,tfrPlH,Poo. HPo4f,il Po4 trI fr tHVJtF..

*[H&fU H . pfi ]et H'l ffi &zK:t ifi * F iEYEIifi ffi  Ei+ " ffi H
Ei+ E rl ffi 1& ffit6ftltlrP18, H + -+EE6{aErEi$Ei+
t kt -( g ffi AJtiE + B! 4'&. lnbftfu ( anchovies ) " ;3*-tszJr@ H!

EryE+h*W,r;r+WHMt (plankton) " HiEi+i ArlffiHl$i

iH ( oceanic upwellings) l+fFF+WlR fuIffift,ryJffiBtJEm, H

l+,ffi H+\FNWZE, H)t x5 Ffr lUErEkt AWffi . X E Ei+ B!

-( gA L[flAEffiHFF.'th, H*A)t:tV.* +ts.2eZ"WillrtRR, E
i&m4FB40X " iXLbE +Effi XU kt+qxiF "

ffiAEf tr'+U6fim# (sulphates) trt{ #F++.l*+,
4)tt*+hwtYztr, fi.^A6fifi,8m, H-4.fr--R tJg-*Wn-

.,u, trAFX&ffiX.A ffi.. ffi+n+ffi€ il1ffi HH A-dr+n6Pqt1tl'

Ztr, EdtW,ftirf +FHeb,i,tEWJ, %.*lFtillvffiE r* j*. tH

+rifr/6+W8fr", EW+Vftftnf 4+' (mineralisation) )tfEf E
*MFXffiW*, INfEWJ[&LWfiii,ffi .

tfl+h+ *16k, & trJHErEr$# ff'X'X, 4HFI Hf*Ptffi zt

ffiF"tLh=flftffi (sulphur dioxide) l# e5+.
afr fi Ht 4#r1-'H, frlI in iffi ,rR, H tllw 4 *lffi,Et%"A

( sulfhydryl group, -SH ) rEi*rt TIF"ILflFH, -'ti)t#frffi
( photosynthetic bacteria) frztrtJryrrt|*ffiht, |x,a 

-rg.ik 
ffitn

trLX,E=hffiHffi,

6CO2+ I 2H2S+hv*CuH'2O6+6H2O+ I 2S

H )ff16k ( organic sulphur ) 4 f*H i$ fE + H\M lL=Ft"tL

6f , j* 836fi {L *h 5 r\LtFa1+ k! : fi,,ftffi - t+, HE 5 eft tr Pt



r
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zKiffi#Atffiffi (sulphuric acid, H2So4) , ffiffizK[ftW. ]i,tj
A6immmffi , xttslFYh, ++6 E 

^XffiiFIP"EBtffiEh. 
mN'

ftlpHfH zJ. T s. 6, r 164 \HVJ D-a X+-K 5 *rH . #j]r,*. E W

Ef Pl r{L X, MN'pH,fH# * vl h qe+.s, Eti/{'l +ru ExN HlpH

tr, ftFEH'IH)tz.q, 4mE5ffim (acetic acid) tE'fD{" ffi
N'HEtr(r[efff +nkl#.R*trJ,+Ui.*#.ffi .H+tJ*llfi -z'h,,fEt&

+*1Htur*;ln:Eifr*, #.FXrctnx*y." mNTBf* tL, H\W

#t flHHAFtffiiH.

:iAH5l:+F+-A'TH

^Xkltfr 
-drWa\IJ+.WW6THZEEMJffi .illykW5'(8r6frffi ,

Nflatm. ffiW +.K59#'Ai Et H#II-.H, +-H-H HEFIFE B!

i?*" ,&r'tE^x*fr0)4FPt,6E, EtL, &ll1,t'rfri HH1,F

IETK*\tnWth " * T ffi +.trntuffi.tL,+tE4ft+ #42 + k1t5

lE, 4 H.Z 
^+5t 

H f Hlt{'ffi XR, + tr* hr'iRfr B.tKrE

)tii ?tR:tE lifljH,  + E'l^* t H?Wfrt'frWofi.fr . rfffi,ri
*. HEi,,HfEffi. *RAA,E+RHI{ffi .
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2w A@-, L+6t&^{tE-

*@N+XryW.' ru'fr. (Robert Hooke) #teet€fitJHfr.
'MffiffiRfrt+E (cork) fr'lEAHr'J, tstrn:iletilVJmq'E#

BBffi ffi , H lnH.$iu)ffirt ruffi +rEFi " H + js ryffiTkl rl
M5 lWEWH{tElH&tR.lbPtFfrE (cell) tE'fEl, trtt'{&f8jI

't3frMffi+h "cerr" " Y+K'frxL*flH't4.ut&, tr*P,1\
itr*Effi^&lN (Quercus spp., l&fiBwhite oak) fuIfr4\+tfr

ZE, Hfr flE& (cell wall) Efu ffi el'El " tHtrf++Xi+fiiJ'd,
(W. J. Schleideil ErffN, (T. Schwann) +1839+' ,€HTfr

ffi ,E,Ffi H +Mt H! E * +'fn rX + MA Z tr, fr BU T F H +E',&'fr 'Ffi

xl[HS! ffi ef& +, fri ftW+ffi TEfi iffi Htn$y!ryJ ffi. "

frffik\M\f.*ffi *ffi , t,J.6- . frffiFt llh lRt,frfrA
(prokaryotic cells) 5Et44EE (eutaryotic cells) ffit*. tr

irfrffi,W*MbL&ffi B' t'r.+nffi (nuclear material) tnflf,ffit}.

ffiiZff.F,m#-+frffiffi ( cytoplasm) +-'8* H!'fnH, irr!frSh

tZE (nuclear area) " fft++frEE hfhlnfrffitrtffir*HBp Htr
mfrffit\FX" trL, %j\bW&frM\+n, inHffi. EW, ffi.

x. t++t*vJfrBdr+n+, #FF--frHM.frMnAffi ffi,. Htzklfrfr,

A%ffiMw.frt*ilF.@'F-, t^\JfiHt*ffit*ffi <nNe> h I*IM.
,fl (nucleolus) .
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,frffi3\rE+A

9@M,M (CellMembrane)

&ffi fr Mkl *ffi #I\H - trtrrz 4 EEH E! IHEH, LiiE #ffi
,\trLffi.W (plasma membrane ) " fi nE[Hm+ g FXly P.E:ahA
(lipid molecules) 5EE IfrhT (protein molecules) . frfttl

fEHffiEH (phospholipid) . EEtrE+ (cholesterol) f[ffinE
(glycolipid) 2trFt" EEtrHHElH9EfrEEfiH, EDh, frBEffi 

^ 
H'!

flEtrHAEruH, fr BEflHBirulEtr.

fr EAHffi f6€E H EtrHlnfr ffixXEtr ( lipid bilayer) 2H

It " E A ffi3lTflU ?+ffi r4Arsffi trEg'tr +, frV,+flft ffixXEtr E

fi,BtrJf,-ffiLfodt"

fr BAfrH Efr BAH! p, +F 
jB, 

Ffi tLfr ffi,rf tul + +rt I*. x. fr frtuffi

r3trtr FHxtrt^fi EE 

^ 
tulw ffi.RH )bt+H?,h, E fll+- e h +

H HjtH, *plEB'IfiF& fr++rJffi.+frffi,il "

frnUnEtl *ffiHt -B[r]tr E m.b+, 5ffi h + #AFiffi E
H (glycoprotein), rs+ffitr8klf#ffi,fFHfiEEHPlrl.,fflll, tri

l8' HlnilLW )a*,, fr &. A ffi.Pt H *[ r]U 

^ 
H ta ffi,R. rx Lb#S E E

ffi.ft+*Wrf *ifl ,H, +l+,H E 4+i#t)frfrI 
^ 

H!+*rk+$ (firtF-,l*

'f4) . f*tr#$Wf HAEdTfrEEABt-LhE MZtl, eftl.iF,rf*-

h+ffi 
^frM+ 

" -+4EEHrtrfi*tr#$ *)t= Ht+D)t, €
-+++*-y#nH 

*Hn +, trJ}t- E fi EEHHryt67n, frffiik
)it*,xffitEffi "

frBUnEklfrftffi.xrEtr€ FrH B! H, PE, Tffi Hffi HtXfrW++h

IfrW.nfrfr-, mffiA Hffi4tk'f*fr\*tK*hffilLD) H H S " EH

L6HhHAWT^BliErtfi'f4. ffi6 (enzyme system) dEE,



34 x fi+^tE^'^

E jI-*izKW,ttH+ ( ions ) fi,J.AT D_l H)8+rufr EUH "

9@M,E (CellWall) 
'

tHMJWfrEfuffirlffi , @'FHH +&E (middle lamella'

,5ffiEEI'HlE) . iXHts (primary wall) fiihtB (secondary

wail) grFiHtfr flE&. )X-.ffit.nfrffi++H klfr)rA, HEXf4EEE

,ffr+FfEvrtr,ffH 
"

+&EEfrEEh*. (binary fission) fit, ftW+frWZ
lal M lt kl - EE H, rE Fi + W.E tuI /vl'+ ryJ ffi'A #* ( magne-

sium) 5RffiE (calciumpectate) 
"

bn+.&il*W*, +4W* (hemicelluloses) 5R&
\Xfn ffi ( pectic substances ) fr it, " 2+ W,* H't tA E 5 HBS iE

. XJi (amylose) fE'fEl, H-++UtH!ffiHffijlf (glucose

morecules ) E& Fn H, + HE 5 fE 4V Wl * A f" A FnW'WfeW 4 g*

(fibre) " *W*TWfzK. ]ll4&€1F1It, HEffi4BAHieK

Tffir-t,f+tr.
tf.H&.R#&+ffiryJ*Fhfr Mi-'+, lg fr *W*zE.lt "

tR+&tfrfrM&iB F, trn ffi rtfi EEHt'ffr tr "

fr1tu&.j:H q7L (pits), )sw.y..tLal\frfrM&Mfififi',e.

H N.r+ WRtrffi E0 4.TL . frV,* $q+Lk\fr ffiffitE h ffi'lilw.LL

( plasmodesm atJ, H iFffi EYA 18 ?E EE lil W th ffil*tfi', lf tlln *
iltr#rlgl:effi.

Het!+tlffi*EfrM& (epidermal cell wall) +' H'Hfifr

ffi (wax) ffiffiffi. (cutin) . t\rf, *+NtflryJruzKfEB!*tr

frffi&e6E+, (silica) , fi'EffiHirtffi9Etr, 'fHiErfHi' ffi"{fi

)fi E B ffi ,fn*, D)&1ffi,Dffiffi{fil,ft 
"
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2@ffi,M (Nucleus)

frffit ,F-frffi,8EtH'!4nE?$ (cell organelle) " -W.fr
BE AF€A -+frffit*, *mrffi +LA MZ (*ammals ) k!2Iffn r*
(erythrocyte) 5th4rJkllJfrH ( sieve tube)'&T€frn\M..

frE\M.frfrH@ffi, t ,ffiLfrt*ll" frMt -W.Eq*M"
W@,ffi. (chromatin) F-frBEt +E9-PlFn+" EfrEEr#

11 hl{Bt, *tr rfi6,W4rtrl1, *trMfikfiHrftfi kt+C,,f4 ( 
"r.,,o-

m o s o m e ) . * C,'fA H K f#fril-Ftt*ffi t*Wtn - w 114^H -t H'! E
A ffi Ffi ttl fr., +Xffi E frffi,*llE,f+ ifl ,H . + tr E*€,,f+t. B!tr.{€

+{n, ilflhr\t^ffit WtrrtJtEFX"

M.t-Bfrffit .8r frt ffit*Wtltr A ffi.2tr1\ffiI*,f4, fi.frfril
iLi,7ffit+ (ribosomes) , SEEtrPlAFt (proteln slmthesis)

,B,HfEX.

6t /fi tI (Endoplasmic Reticulum)

A /fi IE E H ffi trfR'H PItrIH ffi FX:'+ * Ktr, *-ft,frB@,ffi,+

ffi ffi Fi lE fi H! F*'mH R%. )8w'MH'tNllLfHtr, E r'IX 5 fr
ffiJf',E.frfrEHq+Effi fi"

A E E Eifi ffi FtK klfr M+ e t H.*, #1,,1.H*ffi H

,4 *n )ft Bt fZ ffi 'fA, 
^H 

tr fiHffi t +E tE nH ( rough- surfaced mem-

brane) , E#ffitk6t Wt+ffi*n, [UffitYWflH (smooth-

surfaced membrane ) . r8rt-blff HrE fr frffi ffi. 6J *1r5ffi 5 tEW "

M.Wtt, (Rhibosome)

t ffit+Efr4.Btr*{ti4, frthffit M.5E A rfr.A#friti."

t*ffi l+W T *fr pft + fH fE 

^ 
tr W Z rl, &f+4:l rfr BEt, rl flHfl *.
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t*ffitf"

-WJf7.ffi/fr fr-,4*ffi lfrt*ffi{*ffi (*esseneer RNA, ffi ffi

mRNA), )Btr.en+&ffi'f4#ffiFi *)f*w/6 (polyribosome

4polysome) "

* t*ffi /6lEe.E ffi AFt kt + ry brr Ffi " trE A lfi.W#Ed,trfE

+, W)Xt*ffit*W Gransfer RNA, f"lf6tnNe> *tfritrH -t
ff fi H m + H! H + - fF StJt*W 4* Lffi , 1A fl( tr'f€ ffi 6q fE H'f&

H,BmjgHE*-, EffiffiefiXft (peptides) , fttrAFnEE
. ffi."

E h &',+ (Golgi Apparatus, arffiGolgi BodyrI,Golgi Material)

trtr €+.affi ffirt[MklH B+,fA, H f; -]EYilEE ffi H
fiVh- ffiH (flattened sacs) f,[zJrgiE (vesicular expansions)

ffifif\"

HfiB'f4Efi"4.}tilt762 (secretory tunction) . &t{Wfr
EAA, HfiEt4truTfrffi,Mp{ilE, 4ffi6+frffi1fr+, WAFi'

BtR&. +1..4WF-trEtr.EF (lignln) ,|i{'fi*, 8\frfr@'&

kl1€fA, H wH R&t+r6HErli{'ffiftlfifnH (resin) 
"

f ,s{f (Centrosome)

+, L' tfr ft-"h ftJfr fE frE'f ft + tH.+n fr ffi , btl lnffi iR€. WH kI

frEE#" E^EEffif+,L'*i (centriole) , fiinfEffi' fEq+
H,,fiH&1E4frffi,+ *., H'HUap61-1^1.

\frfltur+raa"a|, +,1"f+&- h h -, €+#la ffiffi



,frffi-+frtrr#A+& x 37

(astral fibre, lftKaster ray) , +D)riitftrL (spindle fibre) 4
fiEEX . turnfrLr\FXklrhft/fi (spindle) , &frfr\Hg/}6{.
(mitosis) +EEt'ffffi , l!frt4]#-&B'f4 (ctro-atid, lFflT

daughter chromosome ) i?^4df:tlffi IY, FXillffi + fr ffit,+ "

,E@,1+ (Lysosome)

Wffi{4EEr't)ft4qFU Hiifl EE+$' ffifr +frMffi +, t
zJ.6E, F.A +E^W. -ffirflfE^ EH*Hffi#ffi,f4" -flt
i.Itrsf +ffi #nf; 

^/fi 
F{4HB#/NL%X.fr W*.ilI"fl hlrl#-fr i

Ft.

Wffi'f4 frillituldnt/lmEfEH, E+eE *ffi,KffiW
(hydrolytic enzymes), 6Effi4Hfnfrffirk/6+il18?ffi.. M.

W.. 4W (polysaccharide) f[nffiXj]ffiFL4'j}a, WfulfrtEh

frffitJilltYtL 
^.HefrffimtE, i6ffi,f4iEtl6Et{, I+ffiffimHx, w#

+frffihffi , )Xffi1fr4.frshfrfrF,H:6lfB (autolysis) .

Wffi 'f +E #,A+dtryJfrB@,fr , tilMJffi.*rkl rl +frffi,
(meristematic cells) F H'!6ffi'f4, FtE.tbrtr4(ffifrnE'fl# "

4iltitt (Mitochondria)

*,*n/6H xntrffi ffi @X, -fitE ffi *nfi . 6Wr:ltd"*,*
fi " 4#n'f+&R.Zffi ffi+W.,', A#pA,ftiif EIH ffi ,E EE + &
* t 4tfl,E*)ttu18ffi6.Affi., €+frfi86 Ffieffi**nff , W.H

,tfiHrt=+Affi"
*,*nfftutr,^,ffi+]8, A HIIJEE+EA, 1fr+fi tfr.^ HHt



38 x frr^tE2r

systems) ffiffifn"

t*,fv/fr?l l*r}.HAF-P +HEtr, + D-l H HAH+ WM,\, t:#

#lrfl##=wm (Arp) wh+z+ . 
^rpft.Ffia 

+ +nfrffiFt

H&,fHH Bt frEEXiF, tr JtrATP trI UiT,E4EEH! HiU.

il+2*trinffk1t,J.fi 4HfE[, lEE.l54H-t+, RHflf,

-f,tffi t*WrtrFnB'lrf.fi +C,l*,tr:F.1+*+Mt+XlBtr"**n/6
EIHEE4HPttr4t, Df, 

^+e 
(endosymbiosis) HtM;tff{i].

**nl*q uEfi EE 

^ 
i6it +#rt *xtH., &**.zffirt

i" fr EEEtWffi,f+^, Fr v)+\4rJ&*il+yfrM,, fl?sfrnE'Hawffi

r^ E *ft.t1 *+i,fA 6 A, * + tH k tr D)js +! tr *+ * i+ tE ffi W M

76 4f. (Ptastid)

ffit fte*E rfEWfrffiFfi ffiA k!fr BA*$, T#&AMJfr
nE, &THI,[+4H. ffir*ffi5EHHtfr EEtr . .frfrAff.K
4)1ffi , Ifrl+6'tk4.ilil lN,lE H, )3,Lb*Ft*& ffi m+i, ffi t if
E44 (proplastids) " W#frffitsffKt, Iftt$ttl[L,hffi
@,5rhfrf,&#k1- *ffi.14, Bp E€,'f.6 (leucoplast) . H@,t+

( chromoplast) ffn n19tr'14 
"

aaffZi.a q n@t, E-ffit#E#ut H!frEE#s, E
ffiiE#iHtffi tYEYr. ffi./6 ( amyloplasts), fX-H E A ffi.Wf,I

t tr H ffi.i+ (aleuroplasts), ffi'S8fl?ffi fulfrihfrfr?ffi./fr
(lipoplasts) . H't3frMfu\AE ffAHfr&trJlililtr*R, &pE

JtT W tLh Et *Rffi A Eff 5 ffiZAEE rl ffi 'f4 "

H E /6ftAH E Xk1tfi./6, gfr&*)trfrtr *lH @,/fr

€HXfrAH l''F (carotene) fnn167i (xanthophyll) , t



,1ffi-+frffiB^+in x 3e

Etr&TlL9tsfl Rq+. H+ (algae) PtTFlffiB,EHlfi,
A*HX, btlln&ffi€HF*fr.ffi.e,F (fucoxanthin) . ffiH
e€HffiEAAR (phycocyanin) . 4H-SAWTL&,A@,R
(phycoerythrin)

n+ r*l&fta H * e*R tul ffi.++, El2*AtHW)tft )tA ff H tul

t rFfr.

Hir*'f4 h +rE qE . +iril4tfi #klW ffiiLl4ffiEtr, e€.nfi,fi
tfhffiMW.. t ffiMMD)D.)hAffi " #ffi.+H 1+ ?i&*€,trfi{
Hiffi*i, f,It#fn <fitFal#ffr) . €+E*nH44,ffiYint*,
ffiEBfu*Ht htr#M, fr$##nhtr (lamella) " E+2*tfrW

*A AR ( photosynthetic pigments ) lnrf 9*R atr ryr*Fbt 4
ft tr +H#n,+trt, trftExnE)hE Efrt LhFfi " Xltu@F@,tfr

frEg l-Ffnn165" &Wffitr+rlj7E,B ff828, EIT*frr*
AH, frfr+t{, +qFtrEEt+Ztt yfitt?+, +9*FESIJ

6ftfr, 6Whfi4, f tr'[E'lEyH^, +i(FTEFitfrBU6+4
fr14a, BtTr!, tr rLEriiBr*Efr .

a(i€, (Vacuole)

W@fttil+hfrffi,kl E *++trtZ- , Ttr&H+-^hfrtfrn\
frJ " til+hfrffi&FtK[fE+, fi* 4'y&t@,AjAffi#t. A+,
XRFI-lti.fivE. trfL, Fnt{fr EE+*t#rleE (nyo%6

fiEm. ffi+. E? (tannin) . A'flm (organic acids) . 4.

WJffi , Gn aroids ) fr H#rHFn . R * trt 41E+ q X H i.fii@ + Pt

ffi5Ef/rm"



40 x ffi1^tE-ft

frEEfiEEtr H+iEffiU. E*,h44*%'H E d" MffiE&T+

4EA+$ElifiA rfr€F*rtH * X, {t*FillwJr\#ffi , tt€Efi 
^*[

HRrc+NffiPEfEffitr"

E/l'4

ffflia]rfftt

tfrffiB

'ffiffi

+rffil^

^t

t*l-

Birft1

6rffiFE

ffirfrffiH
&tntr

7F==+x
\@ 1(

r\\m.

$@



F
41

thh 9n 4xai 9i t?fi" rh fr?,

= 
Ie}*ruiff + *^ru +^,fz+Et Hj, t5 + B!fi,]FH

ffiffi. flll=lLe-lfr!+EfiAt-fr. ry'm- -a.. --+ltlffi.
(carbon monoxide) , --F"l.Lnfr.. zK*-154,ft,llt4" Iht*fli

fifi n-+n +EE, Ihtr-riltr-6.ffp+'fft 
=lJ 

rooc zT, tr[ f
5, H B! zl< A t!, Il th t:*fr Ft"tKH,,f.LFt * N r\tm [+, trl*'l+Z

,aLfrwt&ffi "

+-+hrHrx5rfrffiE+4

&rt H rr[5 Hft ,H.,H.fH X tuI |L++h ffi.ftfi 8m " * tr f+

+Xg.frfti)' XSt ( Stanley Miller) +res3+llrhXHE Him

iEil-tr\. ry,ffi.5 7K/zt^ il1tfr.A tFtrtV n\7 -*HM. " t++4i h,
lEl}.-A&Wt -fr R.A h*E E E (proteinoid ), +>14 ^E'W 4L

h E A )fr. 5 t EA rs ffi t +- fF ** fh ffi.Vl B.:rJt fi , W E tr iff }e $
t effi ffi Hir\* ( electrical storms) " L-frfu1\Etrtdr+5,tr€
(virus) ffi4[, #HfrfrAt'1frr.s5frttJ, RHt M.trEAffi.rf

H (proteincoat) .

R+illlFt .frffi,*2\YtFtT - + ELL+ffi . rRlA +frBE E



42 x fr,^,tHft

+rJwtr&{HtN,)tffi+ htL+hffi , wEffi *)blftE W, E+ -+

2*WfinNM fr. (amoeba) + " fr - *ibt1tA\WE ?frn\7i fi)E

#, X,, r$"H 2H2R. Z*tr trEA?kV'1H+ HW' ti&& tr N Mtrttu

c, B't &f,FErI, + *fri &?; * x, "

+trh tul rH4R ft fr 1+ 4 *Ufii th HA|E lukl fr ffi , tr Mlil +rt ffiH

A m En k! fl+'f4 . tFth frq* f#-.tLffitflt,h 
^ 

kt *['in. fr ffiXH
E rh frlff h 

^+ 
Ht ErH . &H nW h X\*tul?tEfrrfrqF h hffi

;,t+, BF AH rtr4RtrE Fliif*rtr2\ "

h\ Lgilry, (Meristematic Tissues)

Ffi H t{tn ffi 2E zN'H" iE + W- h +fr.2R ( primarv tissue

. meristem ) , .ga-zrl qE+ H (ovary ) A trt ffiftrtia4)JF'n

(embryonic development) EHfl, +E-r5iEffiT*' E
fr ffib #fr\h+ H HI H . H b +-4HLR EI D) h h IR#- Mtr
(protoderm) . trWlktr (procambium) fEE41|+-rH4N
( ground meristem ) - + " tr * RE\4 

^ 
tN, l\th+h fuI RAHTRA

fr, ( dermaltissue system >, frj IRru FXE * M:,*R.W FiatHMJ ffi W

HrH?;F'ffi+R4i (vascular tissue system) .

4 + * * h +-frq', \tJ &.* trt FXTHW *1 * * frLRR^
(fundamental tissue system) , ftEtsffizKk'- #hUe-lX+F

trwBffi+nffi|+*"
WW + HrHrRfttH+rJ t+ 6r ffi '{iE, 4 D)H /tl h =#,

' ffrifth +AHLR ( Apical Meristems )

)s*h+ nqWfrMi+tF'fr 4.. mEEBffi . M,X, lv+



t4+htHrRff)28*6taq62 * 43

,tAf[tR+EtHK,fi (initiation zone) . EtrfiBEA+68[F
t F.*.fi fr ffi,, tfr"vffi b +r-tr2F,68,f8 +R *[,f H K E G, + + # K H f E H

| +E 4F " Ifrt# h +-rtrt\% 2* +K, ffi -.^h tafh # H lnsl \ t*.tu1 y.,

lll"

' I\t)Hh\ +ril2R (LateralMeristems )

tfl+h ltltJffi fr kl M l\ tr ( c amb i um ) tr + i[4 H /z\ +- rH4R,

-ru i6 a HE {,e'E + *[ fn tR B[ { 1+ fH tt . E fd F E kl M Fy. tr tE 

^w_frrFxtr ( cork cambium) tfu tHft! n H^sfititr,,ftfif+E!
t\.14 (diameter) E ffilBKl'[XElt " EW.trtr ltE (vascular

cambium ) Z^ fr\ 28 2R, FfrE HlftW+f -kfri fir, Fl,Fl,L, E ( con-

centric layers) . ra,tllEJ,L'EeIrM!+?C (annual ring) . 4
4tElHffifif 

^ 
+ ftt qE ,E, H tr E+'fi B,'Jtrffi, ,f,€{E6x

)
,d\ fllrdn+
\7/

*J.

+.r.d&!1

y j'*;ii*

i"t'1i,-i

*fu ,1,41i711tr645ry

/l\t tijgH
(!{i1^+K

'#k'r:Ml;
i'jf's. Hltbtd,o.4rtErk

,:;W]krjiifu



44 x fiffitH*t

MFXIIX+H9HEE (larger vascular cells) , WYfi4HLRFit*rLfr'

ff!6^ (springwood4earlywood>, trW.Efr 4'frffiM6ttrt

H-f- (summerwooddlatewood ) lslFffi HIfl,mFIt trI D)itH

+4tH!+?[ " B+EttH *h (monocotvledon) inzKfE. fr'ffi
(Saccharum fficinarum,'fAfilsugarcane) . SX. ffiHStrX

tkH $!) +ll E H4N, W tl'fri*T tsf trn #EfT* HK "

' Elil1 h +AHLR (Intercalary Meristems )

::ts*h +.rH4F, + T tu&t+frt{fr: + " - ffi 
^ 

*t+ tHVrl

(Poaceae-Grass Family, lElilfiGramineae) itlzKfE. t#. 4'

H (sheath base) BF'fi5+H'!EB[ (culm base) , ElEJhHfr.

,xfrtifr fraha{, HV.IFr+. 5+}g K "

fu*& gstx ( Mature Tissues)

FX r&HLRW H h HzHrRkl fr ffih *fi -6rt . ffiF.t-tazxat r:) ll
t=t#,

' lBlfrf-.r1 (Protective Tissues)

trut \HMJ t*Ht *8, lfr.F tHVJfi *[r+* Et *[ tl, 4fr. ^H'tu

*.rF*,B*lfr Etu1lF'.+FrHzN,FIr>)Hj.}h#-H4F..z1firtr.&8fr

EE.

*IZ-H (epidermal tissue) H!#fA++,HEmffi#Fytl'R

E, #Hfrffilalffi, -Wfli\ H+, ffi2819*l+, frffi&lP"

*Efr ffi-+*ffiynFfiH#8, E#. tR. Et. 7[. R*fflf+T
kle.^trfrq"



ffirynrArR#)frMtnD!68 x 4s

*. R tr Rfri.,+ fr ffi,rf Btl ]il frfr ffi 'l+.kl ffi ffi, fli Fl,ffi ffi.E,
D)W,D fiHMJ t+ A zK i) Ht ffi * " &t{,+h +p.Xr, *. Efr ffilfi 

^ 
X

H&K, MFXffi.+ (root hair) " raa-bffiffitfr'M.fuIa\ftrel+

MI, T*fiIKhrtE#h WE&IWHTF. -fiT+H ffiWIKJIWWH\b,

=tlz=l&ffiiR€, El rlL, #ffi*n4fi&t{m+R*[rgE+ +htl lfr

lE.

frtH.*hslffiBiT n, *.Hrtraxa?ffi k h lxr_frffi ( guard

cells),,fn+-171ffiijffi , l8,r]W.VlW,HffiE" lXllfrEAHlIlX
ft 71, *EffUzlt b *1ffi.9<D)&i.f4 B!t+4 "

H e ffi W HV, + h ffi. tr LM Ft"'= tfr ffi tK h'8 ftl*, tuLill W

B,fr,trtrffiH!,fn+Ji.

k il-, -effiw*.B AH2F,Wfrffi,H., fi#A *ffi.. tfi&
(mucilage) tt#FaW (crystals) " *Mfrffi,e,HEKH+fi,fA
(trichome, lFtrs#-.R+) " rX,LbE€^6t+Mil1, t4.6lEftt

#EWtRW (epidermal outgrowths), RH /:}lilrffifFflH,fe

ffiE#X"*. (volatile oils) H!68.t. -.'LbhA+HfZ (carnivorous

plants > !nl#%:,HtE++AH+ H!€{,f4, trHE htilWF.
( digestive enzymes ) *{+ffi +E kt E,H, iH,ft " - W*. |f-fr fr@W

€I,f4trA,f*+Pfrril,fft *ffi tF H WrhHV. "

*&Bfrffi (cork cells) fr*fr+MFXtrFfiMFX" E^trtH

fr*wt*Kil# fr frafriofr#-dxi w . *&tr Fxtr *lffi Egfr Ea +
Ejtll lllg, M FXtr-&trfrEE. rx+4EE HtTEBEE& 

^ 
6H *&

E (suberin) , lfrf.fr.trZ.:62K. 6:8ftflT+*" *&trfr



46 x frr^tE^f^

EEFnR{trrEi, frMW (cell cavity) 
^friffiehr' 

trrlt^t4+B

'tt'f+, 6E'f* +F tHW l+ 6t *ffik\ HqtuFlfr E . 
^ 

& 6E H * ffi tJ tr
ffi^+fEFHR . W^528%+it]f1, H6{Rr"

' ffi+ffiq (Conducting Tissues)

ffi +z141klrhfr?ftl,*tF|ltt|A:sffi zKilf n&t+MJffi .,#Iffi
illffi€.4dJ+nklffiW*4ii (circulatory system) tEiD). FfiH W

+ (Alffi+ff+HW . e+ffiW (Gymnospermi frE&AtHMJ

(Angiosperms) #lJ€EgEtr#.tHMl (vascular plants), H?'u)W

H fr jtl-ffi + IEH . Wtr fr4H2R Ft h h * ffitnVJ E4trac.trt+,

^E*[ 
(xylem) -*WHffifh+ fr.fi6ffitKhfEfitrlHkt

,HrR " t++tfL6,,++ B firPtiil+tHVh, e:ili'ftHliB,1f{MJ, X

^ffi*[EH+Hh+ 
(vessel element) - €EE (tracheid) ft]fi

9798 (wood, f,rbres) fr.Afrifii " D)L=t+2HLR*a, 
^tFtr\fth* Gracnezry element) .

+€ HH,f,t. ffi&A+TLffi fr EAffiffiEEtTFX " +nLtr.ffi

*[ (protoxylem) klsHiEfiE, +H&^ffi]F, -ffiFnJ6{ "

&tr +*ffi:# (metaxylem)' 1g JF'[H7E- Wflffi-4.ffiWq..

Ft P{ Ht + €iA H IR+Ifr. ( protoplasm )' + H&tr}H l+ + 
^Elx,, FlhKruH.€-, rh1?,in*vrH, EI U[rfr&t4&H 6Jffi

arr " H ++H&IEq, tr rft e, HEAffi +nt4frJfui-f+fryLtr'ff

H"

H ffi,tulq.1?,5 + H-t+, EtrrXzKAfE UtrtH kt H{ fa

Flt{ffi €nE fr;&H IR+.E' EEEE^ ffitL,fr.FXa41ffi 4', 7Kh

HETEAflf (lumen) ru E HiiiA, M&HqtL, FIU)'tB.ttLE€



ffirynrHrRtrrr5+lta4fl* 4z

t ifi , f* Er ffi 7K HA., & + H,fE " iR T tH fh tnp/ ifr #Ff rf fif 
^( conifer ) D) &+& tHW klffi tK6,?fr,, +*frH ftEU.4.TL q fE eF

HifrfrEfE1E.

*4 WftM fi,^M B! + g FX+y . * m.w iy,+ *"ta E *,
H+#trffifli *^th Qttenyl propane units ) *lHtl+RAryJ
(polymer) FfittJFX"

i/E*r (phloem ) ftWHtHVl+ fi.rtW XA ff H Ffr EF kl
A f/L#f+A+ #tuxrlJtflVr {4 ftt.&f #.{n . frifr+t*t'h+, +)l

&S[EHfffH (sieve-tube) . 'f+[A (companion celts) f,[?]lE
*98 gnto"m fibres) rL#Tfifia"

tffi tr F #* * tffi H il + H RfE rSefAE* " ffieB tultffi H tl
+frffiZlll, HtffitF (sieve plate) hW " t)frt[ l:Hi+*trlL,
Mffl^ifr + . ffi +tH €[4 EE kl IF.4^ffi.11 ( conducting strands )

fEiE, D)friJ6tyL#t46!ffi +.
4+flEE'{n +fff H tl + - l\t)frlffiffifr ffi , ffi # "E'rHT lE -+

E4EE, ffiH#.HrflUfr?frffiEtxffi . trffi,vlfrffit ,Hlfr,
# trafr fi*{4ufi EE+$. t+ffitu1frBu,m&rtr, 5tffiH&€ tr
+.ffi.uffi)$"

&ffi+ fE yrrrtE M+ wtr Mrrt +, tr)t E *r w H #.it TtB h
ffiEE, (sieve cell) , Hffffi (sieve area) 5lffiHZ^Fl, tF..L.h

+1,, tr tL&. 4' vt - DJ) NtX, " +)J Mr+ 9E h fr + Vt HrHrR frJ, lR

ffffrH, tffi,,)tlLffi'WflffiE"

H/t/fi *[. ln H*FD.HHfrBEtEffi,tu1WHH, r .tR*[4[
H *[ j€& E+ #, |frffi + rHrR fi.h tFtZ l+ fr] Wr \E 5 2 - ffi M/fr .

ry,++ffiryx ( dicot ) rFHH.+fttttr*[friZE*[ + b]A Mfi,
E, frlffi+rE F," +++t*rytX?frtr FXtr, TfrAHHrHq,"



48 x f;+^,tEf^

' E*rtr4x ( Fundamental TissuesdGround Tissues )

*.B.rtr2r.filffi +2tr2\D)tffr\+-nf F\:?&2tr4R,'gtih#.+41.

frfil fr 4* " E*4H4RffiH'L B! E XT=4'
Wry4n21 ( parenchyma )' TEEEZE 2F,Eh /Eifi frEArHln

l1\E*fr4R. rxLbfr flE5a ? ffi)V' -fitllFrlKg' AtEiE
f,:', +wthffEtr j^HhtH +n|+e,fih#H+. H+ffi+nffiHtr
frlfrG (pith) , ry,H.EBlrtlA (mesophyll) . R*+fi'tRlA
(pulp) . f+f +ffifl +L (endosperm) . +R+ (rhizome) .

f{+ (tuber) ttlw+ (bulb) H*ttl4E4A, *FR.hWry-aHaN

tAEt. r8+rH zNW 4wtSLfr?@,+frfrii JtA ff H' tr-r'fEH . tt&

\\. tF H til,4 tK b tr + rl W:E "

@ *H'H'R.

@ .Ery?,H-N"

tr ffirE 2R ( collenchyma) : trffirE rRfr\itbnffi F?fr
tu, Hfrffi.&A?+WR, frWR'#WrEnEEEffilF " )8+fr2R

frH f+#.*. t92tr RZT D) )l HtrZ+ . H*ffi+n ( herbaceous

frffi.E



tH4krtrrRffir:"M+nha?. x 4e

plants ) ltn\ KinF.fi , +*l&.frh[+ RrE
!t\Y'r jLt+ *+ftf F * f n n+ .

I?ryfi4)\ (sclerenchyrna) , f?i&

ltt rR 61'r * ffr.R, *+ fr HF,4 W E rg

)' l, I'B^ffi.RZ(WinfiF,, +stFt+.)fr

I i +-fr h " ?I Ktrt tr &frEE 2H Ft)F-ryr+

/iir (sclerenchyma fibre) , ttrjq\ElH"'l4

stone cells) " E'frfrEft.ltrRrl-ft [! +*
'/n r)\, Idllt fr,#@ri tr ffiwt f4 A futrfift
{l' f E"lf+/{ (seed coatdtesta) E.

Rftth E!fEf+ +, ,+

tli:Rfin +-q YE*L\ E to,t
1.45yo, 

^)fi.F:|tt 
Lgne

t4%, &,h (ash) fH.Ht*I
( silicate salts ) H jt30% 

"

'[<RtrW,X.Ztr-ftHE1Eil
,kt.W,tE t+, 4< tuL Ft\E'+

i' ;'/*r$!fr,, fri HlfrtHVt Ai 2R
BEI+---

' I 
I 

t: fi -AtE 6k#.H iH )ft jn T iH
',rr J-f5+" #XfiiH6m
,(l{l4ttittHH, ffitrl,l.t+
l(ttrr1flfifJ.t1.rR+ill'l,Y.+-+h @

| &\$frW, itfEf+ + Vt A' ttLth ft./t1frq+ rE Et+Ttg.+h, lLfrh
l)t'+,/J frl g-*.t . H tlL ffi.i Tgrg H, 6E+ llErrfr tA, h t\tp.*ffr li

-h+tqlLA
,frffiEllsE

=- 
Ee,q+

E'WHAilH"

trB\HrX"

@ EffitTr.^"



50 x firRtHft

*
Ft.

tH.+rtr-H4R+kl+WRtrEf.Ifi *,4)!.-'t3',M.H+tJ*1WA

^tlffiZtr, 
HA'fErx*lH h + k'A +rJ*.m€ fl m. ffi ++A

*hHzWW.tBttJH WH #MJtr. H'f4ffi t tr.XlH, #68#trnfU

H, X+P +-ttljlklEAffi.. W+-R (vitamins) tltfi.+-*
(antibiotic),'f*;\+f!ffi 

"

ffiryJrTeR+ ffiffi?Kifo# Yn' &EI D-hBlt all+.+l*, AFnr'l

f* ffi ry ffi , Fn t+i? Pi HAW " t*t,hfiEtT& HErErt4 ffi kl HW|E

ffi ' rtriHf+iHffi&P, Wffi+nE*+WtN'h'4PH4tX'f EEtr
iLtr++"

lRGUi,*_++h'ft)E,

ffi.ryJ rH4RfrJ RH E Ar tukl ++n W{R" i  iX rxEB fi 2\tu1 H

tA, H W)+WHIE+\J*I F, mfl FE, UerttlH |Fth*t€+#r)
xtrljEflrH.,f+FrliHfl ei#Hi6.



51

tfrh 6i :* 'il fi" A eh

ffi###.-tu, tuMFtT rHrR. Zr.BBllfrrr.EtlHtdttr'iffi , Jt
lErtfi++ E Ht rh A2, -FfrM FIT *$ B .

g &ff +$B M EXWR, )t|l - tnEt H'! H4 rhfr?, tu
HffiT 4^ " v)dt+h h FJ, zr'FJtlrl 2R, ffrJlslll,W rtrq,
l+%rE.rF,frfr gE 2fr eT2Rfr 6.Ft'F ( kidney ), rilf *SB5fl*n*
(bladder) . mffi€ (ureter) D)N.RE (urethra) Effi#Afu

*, iltvd\TlilRatr, (urinarysysrem) .

IEWJ fi,fr8'dJ+TJ-Jf+, H Zi IE *lfrffiM.A ff,'82R, H fr 
'H,AMFX#E trRtr,. WtrRTHMJE+ Lil=f++g#$tr,, BI] [I

(leaf) . t (stem) f,ufR (root) ,fFI. rx*i*S'gEfEti'iEf[
mA' f6Ft=).R fi, Afi+* 4fr, (shoot system) . ffi*{Atr,
(root system) +BHTHA^ (reproductive system) 

"

tEWtulWE +fFT 
^ 

86,ff8 N.. llYSlFH (pollina-

tion) fiFttr, lLffiHFt*lWt*, (male nucleus) 5M4^
(ovule) 6ffiql!fiEE (egg cell, y'liilIfemale gamete, BpffiEd

7) ffi4t67 (zygote) , f*tr6BfX!)8fifrffij17{, E
HFnm (embryo) . l:)tKffihfftl, PtrHffiEt (epiblast) .

ffi# (ptumule) . *t (mesocotyt, lfti+m+fi) f[m{R
( radicle ) rEA FX- t4 " rx,ij3fr 4*$ E' E tr Hlt. A ffi # itilE



52 x frr^tE^'^

fF+ 6 H'! m+5 mffi kl h +rH2RflEBFn# E! fr ffi , ft, F\

Afrffi++$B, +trE+)It,U H Hffr+iffFiK. Hft"

++^fr,

+4Ar ,ilB. & (branches) frnirE fiii" BBffifnklH
+, Tr#5fR*[EE, LvfrWdXffinttu1ffi-X. akl+ryrhfr\Z

-E+tiffirr, ir+H+f H trtuhfr , hrlf|Jffi pE)t*ttTt

fteffffi , lfrlL#.lE.+rcYn9ffi (fertilisation)' +E-#EJrR

*Ft++4++e"

+€,ffit+fr'fl|I&. tT (main stem) HfFTfulWFHH

mFI, +tPtf61ffiF\K, ilrffiltalnllft (lateralbranches) " t
*t4tflMtla-/('fE 6&++t hffi-, trt ft. 

^+*[K 
H +f ftt *t{,

ffih/n* (tillers) , t4lHB*)tdlKi=tr, trAEt++5r|
*fi.M# Lt&fE'fu, + u l*"^r)+ " 4fi (tree ) H!++5'fnl

ti,/r4'aqE,,ffltJfiTBfHKblL, KH#ffifi*, H ruzfi
W, &*fliFl"tfifBtflfffi (canopy) 

"

& iE K fi ff .ft tr fE +, trHvh *1 4h T 16 8 r1-' H U fii) +trtrt

trIfiH'!4* @ffiM6xZ&'tfi' (tendtils) f[fifrtj (thorns)'

ffiH ( ttitD fr?t##nH.+^, /LEH (Bougainvittea) [lfU,H

tA{ fifr!] f{ i#llE " HKT*-IT B! }t,T# ( subterraneous

stems) , H}[PIA*86F, q$++ (solanum) KHH!j*+
ZLHUIF&*I#ER (eyes)' €++HR^HW.+l\t)* (lateral

bud) ffEffiXtEt (scalelike leaves) . i+H (Allium) fr\MfitW

+,
nf.



tB+htr)#tr+E7rt w, 53

)\*lt1'l4fhnt (fleshy scate teaves), #frBtrE&ffiffi+.
# ( Cotocasid fr\Mfift'fifl =fi'lgl qEEH,tXEEfJ'*t ( corms ),
fri A* (Imperata) fintt Gambusd tilA?,&+jEE UtR+tA
Hre,f+"

xx+Eltfl+hk1+frfiH*tr (epidermis), ILtrtrEWHt+
(vascular cylinder, Z'ifi +f+ ) r+^fi'frjfit" frBilltfrt)Jffi L,

xX+ n+ ffi+n tul WH fr+1l, t FXr6 fi , f/ ts # 8 fi , * ffi.-nlft fri,
fr X ZIEJIRffi - tr RH /N +-H?.h W WtrR fr M FItr " B+ EtIH

th, lFtl9n:&tfrfrEffi6$H.t+, EH*E. 4HHfl ffi &rtr2R

,trfit. + + E+ t{.+h 5 xx+ w til+h *1 *R.Hfr E W X + E, fi:tfr Nu

ffi t, ++lii{.+nflW€fr Er\ffi Et " H WtH+rJtnuKfE B-l*
+efiffiEt (medullary cavity) , +ht^BUlEl[H (intercellular

space ) D) D- liitBi frRa-tr x " ul< iE * *[ * tr frJ ill f+ &LH4Rfr BA

( collenchyma) €H E+ 5t*, atL+t+ +_r*@, "

fi Effirytfijl)hA,fEH fi * W tE ffiE! + g #*B " ffi+nfi)

ffi pE )LA+r*,fA B ffitJEffi H ffi , *u)HHffi lE h IHt+, aFtifr
fA. iE'ir. E a ffi.ffi?+w* 5xttuH tn+n ffi. " tHw&,trEry
h, t?tP.#EE W.fr\tKiltHiil1A, EE+H (xylem vessels)

:sf$3Ufifn rl+*SH, f*trF H Etffitul5"tLgzK j;€ t-d* H FE

)L Ptl& HE, tr ffir:tltflW t+rf, D)WRtH+h fJ*[ HliHtr "

H+ffi+nfr\+HE+,H (lamina, -X.f6learblade) . rtiE
(petiole) f[+1ry ( stipule ) 4trFt " t+EtWthHEEfft+FFIK

+H!ffilnt, trrth3pi7fiKztr, HH Efifln{*. D_tt=+
,o[ r] "E' tr A fr\ + + iB h ft,+ Et ( complete teaf ), tH lL ft! +
+fliE&i+ B!,frl T. iH * ffi ry+ffi +tfi , trttLt[h6fi Arf

( incomplete leaf) . **t+t{.+hrn zKfE kl rtT#*llEtr t E+



s4 x firatH*

ffi, I+*EX.
# rf ,++ZHF&' rxf+X4 kt Et +ffi$h+ry ( simple

leaf) , L+fl. 18fi5. ER (Mangiftra indica) SktniTfft
E&Willb\T. fi Rffi f + hilg-**tntH+H+ lE- ffi +ffi
t, r:iffryf W)ffihFilt (compound leaf) , -g't[t'Htl|klnlfu

ftnflfltulitt)+"
vt h illfli#E#ltF-t, H kl FfiffiM, H *1 Fii$FM, H tulft

,l'flEV, H*lftHf," a+*fib%:Hk1fi#+ffi, AH'tEiE)t .

ff)t frtEffi{ S" EiHAAri-e} (veins) , rt&trHtr}4'trtt

f,ItetFr (venation) " X4W.++*tHthlnXH6. H+.
zKfE. Jt*. 4.*SPlntfl,&+'4111fr , Eq4&+1rfrlli (parallel

venation) " X*WW+nttHthlntRW. trIEl. illft. H4+

. ffi rffrltffifEj$' Et]'fftm)ft0L,+ (reticularvenation) .

EtH g!*E trJ'rl h L*EffiT*E, *EfrMzlilH i+ *
\1L, ftt*+h E *\EttTtft 'f4tffi Ht iBE "

-LT*EZIBI ftl*[r]f6t rf h, HAA+e*'f4ffi 8ts4fl0

Ffi 28" fili. " i+ * +H*tJ gI Bt l^ EI D-l A t ffi t=2H2F, ( palis ade ) f,tl iE

hfl4HLR (spongy parenchyma) ffi+. ffitrrE 2Nt1FYtl)*W., frflf,-

l'Bl ft! e pH 5 ft, 7L tH 1E . rl A E B'! Et frI H rE H frrE fiii, iB ji + tfr

5ffi+*1WHHzxtE#."

iRiF4fr.

E fi +* 6 fr E Ft K)$fE + T EFK H # H't fi niffi 4#
n+, +p*BA &r=E+eEAG'fF, tr+Lfif,a.



M+hffiAEEfi^^x s5

twEtawfr Li* + tr E tHffi 5 tE LktKhfl U +IL H+ Bt +
g+SE" ffi:frl*^BIDlhhHffi.R (tap root system) rtErnffi.

6 (fibrous root system) ffi+" Z\Tntt*thtnlt\., thtt)L. +
R. ffi++fftr+HtR6, E+tR (mainroot) fl'fIl]fR (lateral

ffifif . Wffi (Elaeis guineensis, oil palm, 4*ktFhkelapa
sawit) +fiY,+HH rfrfV4, H+tp,+-KrEfF., q.4 lt K+rf,
trff iH X, H + H!#*llK H fEfr frKfE #!'flEXZ.XB! 6EtR

( adventitious roots) 4Xffi,ftZ, @tqfuMNF-*f.Ah.

Et,FB
fr'

t
t*
E

Itu
tR+

1,1{tR

t?:vnh\+rHrR
tRE

@ HH4 rnE.

@ Bf+Hffi Gfr++H+h) 2 ilffi"



s6 x s+^tEffi

HiF'R5'rfitF'Ktr'1 +g€frilz-, EHtRF-ffi trA i tR

'14, +tRfEflUfRFEi^ + jE, ry&Zi lE +.tr+ ill+l'tfiEtKh "

Frlin-t*&tDj* + tK ffi Rfif , ln R{rf H L\+*, fif ffi rEffi
ffi&,q*E6, H+tR*ll4ift:ts*, mffi6ffi E+ftrffi Eqrt
g * " rfrtF-A-f,t R E" i* fR'W, FtJln *ffi , fHffi H rts06 1 00fE

xr.J, HtR*[Ei^.E ]t60fE xEfr "

tHWVltP+ ( root tip ) E+R*[8i6ffi Ht *[r] " tR^Ef t#A

€+'fD{H!+Rffi (rootcap), H\+lilfrfifii&fr€flm, Df,ErtR^

A * j* + ffi jt, + -H-'ffr +F +R ffi 6J T Wt1l fr Mtl *Wfr:ffi 'n +-

2HLR Gpicalmeristematictissues) " fR€X (roothairzone) H

fR Et Bf ijffi 6 ja, H* E frEF,K H B + H! +R *. Ktr2tt o. s 6 I fE

X, R€.?RdEffiWKH?h. ffi+#ftlRffi, -flTR HEWX*

zffitp+Rr_Ztr, ffi)iillffi Ka*M Fx*f H! ffi +rym,ftz.
{R*[ H*8. IgEtE+HsE FI" +&h+f+ffi

(pericycle) . ttr*[frt/E*[=+#r]" ++]ffi4+&H'!ft
,lE, H&trE&fi EETEAE*, F6ia^+frU.h, FIr:)Mll,T

EtRfr,frlJfR" +f}ffi 
^ 

H.t^E*IEHfi , AlHAEt, H+[l$F

EE fi , mf/E*[[U lh] lffi1.}fr #*lfiBlZ lnl, &, BIr EtrEz lgl

B!'fnH" fr wtH.WJfulffi*IF,L., HE&rEflE (parenchyma) f,ll

trBfrEE,E.AFTffi"

ArtrLilfE +, t+ ?t4+hkltR*[n 7 i6&++ffi H'tH#rliH

f!'&eAF" lrtllnE | (Raphanus) . frEg | (Daucus) fiE#

H Qpomoea) SH'!fR, N*hfr2W#ffi)rigH+Vt ffi*I ffi"

fR (storage roots) " 8t-bwxv'1t^]trfR^ ffiw&4Lqlvftt,
fi:ffi ttriE#]fEfB*. EHa6+ E-L B!i5 HEK U 6EtR,
m iH Df,, A +++Hffi , r8'Lhzi E ilRf6 t {ff {R ( prop root ) "



ta+hffi#Et1art.x s7

9Ifif ( mangrove ) kl'fflU tR HA^ fi id i+ t*,,,y.tfr + m4\.fi
ts:. , ji.,t3+RffirryrAfR (pneumatophores) . H6ffi E!+-LK

tYh*%ffi. (climbing roots) " i+?fr/rc5iEtr (shrub) ftl

tRB[HHffi€,*' ffiz, (hyphae) itAtR*[Pttrtr, Wfififfit1.
( mycorrhiza), H'{RHA4X,ftffi+r&\Y7KAfl Utlt#.

'+_rH fr.

tHW Vl + #fiE tP-nF R fr,Ar' RH 9* rEB,l th H2 " h l rer* tr
4\, lfr+t47XEtr+fr (anthesisfrflowering) . '{€&'. trffi.
HR <fruit formation) rtnMn\ffiA (seed formation) *iFtH
frWmt?" lk*F_H'l+%IH (sexual reproduction) Pt+4#$

H', -ffiH7ttm. iL+t. li+. ?ifr.. ffiffifnfitu$#AmFl.

ft tF ( p eduncl e fr p edic el) 15fi81i,ffi., F_r,?fr,fiE +*.
&E* H'i,J. ti, rh nE,ft.),4 # hi,\.* # E 7t+ffi jX " lt tL
(receptacle) Mfii.+ffi.frtlflffi , lE+. 7Lffifrffi WhfrH

t. €'HitHth\n)ilLF* (Ficus carica, fdttsfig) ffi7L/?+m

( inflorescence stalk) ++il tsrt, fr2:WlLfu1E4fi,*f AE ffi E
X" lE+ (calyx) *t'4trnrl-fH'fDt, H+,H (sepals) 2EFt,

th1?.ftlflfha,,hlL. li,7$, ( corolla) KTli,+H! 
^tr, 

frlZ
#B (petals) ,trFt. fiEffi (stamen) /a^hffi+-#tl, EllltrL
(filament) trEtL{5 (anther) " iL'%-W.RH -Ev\+lt#t
*, fr?,F-HlkYS*i (pollens) " ttEi$ (carpel, fiilfi,L'E)
Eljth=+-frV|, BFTE (ovary) . 7Lf+ (style) f[f+*



58 x frr^tH^4

@ 1&++H+h-+4EtZH!&8.

E 
^Af+ffi42t 

= *4'ft H'!4'fH.

( stigma) " &*A{€flitfE+EETLfltifL, H\btilzKi|. iff

* ffiW+ ryJ ffi., D) |ftjfrfrffi [ft€fl ffi H " iL#] €1Bit7Lf] r,E 

+8, 5ffi#.&frA, j*liflHEHiffi+ffiT (male gamete, y'5

f,IfiEm+), trflPfrffitrEfrtkfih#, fiFttrffi,{EH "

+EHH'mFifttR*ffitER (true fmit) , 'frlintR.
q.+,fr . tfr T s, H *1 t{)h *1 R* ilffifrd'ti,Ht tr,f& *r rI 5 T
ft # 6fr Ft, lX,4R * f, Uilft h IWX ( pseudocarp, y'Jifhspurious

fruitdfalse fruit), +R. ++fl ftlEX:Et ft:flWtfklffil+ "

H pr4HE mfi H!f++, F.tHWkl9#.Fe.+$8. +TrttH
MJklffiRH-h+ft+ (cotyledon) , HW\IE, trftrq'fffiEA

n*r

?zti iilEH,
I

+*)
5/ |

@ 
^6t+tH%-ft 

,lrf{fi'lrJrffi .



ffiryn$#tr*Taax se

( scutellum) " tr h klth1?,ftE&WtPti.+ffi +L A tulH #yx ffi.,

tm ffi tsH+€,f*#++. xx+t+tHwJwffiHw h +Et, lta-m
*1, H #fh ffi.b"8ffi8fits6n ffi f EtE.

ffi +wrfrttrBhtr+ E, 
^Ee 

tr&4H4R, lyltFffi +^ ffi m

fEfrl-" f+E.b.-ffiAfFffi (tritum) fEf+71 (micropyle, y'li

frB#tL) . ff T#+E-'f , lBtrfFTLEx WKil, 1HdEffi trtifi,i+,

D)WrWffiMJ ffiitlti tKkl ( hydrolysis ), * tr :14 +lf+,t\. T + ffi if
m#frPr+R"

ffiryJ U++4 tR *[ Xtr'ttt N, f,r h )i'l+% rH ( asexual

reproduction) " 1+*HXH't}t,t.+ ( stolon) &.tlldt"4'Fg.Z

tr, ffifrV,Kdft,+f EtfHffi . H,f&*{1}infl!,T*fr} tA WE, Ats

dAHt2*HK9F't$ " H*1tEtZin#,&,&tR (Bryophyttum) , HEr .

tf#hKfrTftfRfn*f nt, Mlt"4'+Hffi (plantlet) 
"

*i^iR}HMJtul #tr 5 R tu\#tttnrhfrl, difi'Exf -,Lb6ffi
ffi EWW*it-Dy^xJ ffi " brlln, tKffi*lti' F H e?L+E
#JlLffi L'* T, j8,Lb E re & #i tHW Vl ft ,+*l\ f R 4. f r 6.fl H R " E E
F Pi Ze# X X{+ Xri, l*,I-h Jxt rYfi,&,Kat+ 4' fi 6 * IIF . f m t EE.

ffiffilLtn E H^, tr t4+ tr -H,*,fq#i, wl?.^l1li,*r,tx
#+&, rff -H-i6H?LEEI a&11 E,E .

f -+ff\+R.' ffiflf H'lfif+ftJtftXE.tt, ftffi'zKffi . s

fr rn* E fr +xn + rf f r + T nI fiHWJ *1 + + rfr,H'tflit.ffi XfriJ "

M, fl f E IX T ET. TH,WJ, 
^H, 

WH H E! A tr *[ fl T/ E # Z I'E] * E M F\

tr" Mly,ETWtfifrBE l*, P4'ffitr1+nFc#tl/r-ffi*F, ft
T ftT E ]H +E dWfinfr,. fA MHAil IHWJ*IWH RILH M Fx

E, FfiD)Ks._-ftfi8Eztr, dtAAEfE)rt7 "



60 x fr+^liH^,^

fr ittLtb 6tfr*

&+Wtr# H! t++tlfhB+tr , RH &'a'*-*lHlI'
ffi,ryJ (flowering plants, lftr fltLt!+h ) H\frh *.ikv# &
RV'1H,L. &4ill,i,ilffiffi. tr,t+,, lL+- taffi. tEi€;#

(androecium) fE#E;F;H ( gynaecium) rHAtrt Ft" "

r[E,F;H,fnf ft ffi + *, EEi€ r[E;.S (pistil) H!,H.ffi .tIlE

fliFi$fr A, fri+ H.6lWh-BFnRq. H +f++AR* A tf?+R

Effi E tr fE.ffr +F, W tLH lLtH+n effi tu&+tilw "

lEtr+f+TtH P\l (Spermatophvte, seed-plants) fulfr'W.

(cycas) . ffiA (ginkgo, 'fAtfiHR) . fl\flf (pine) . fH^
(cypress) . *ilfH (juniper) . zfl (spruce) tgl*f'z (fit)

+, ^gA,E+ ET L+HffiffiK7W#", PI4 A H,lqF4BEfi FNEffi

tEHtr, PHWffiVlf+r. H +t++'eH XH-E,Ifi.LR+P, E

tLrtffi h W7 tFfrt " 7R+ tH+h Vl +tH# E T tB h lZ, fri fits h IA

Tst4 (strobilus, -ffiEtlcone, 
^f6I*TLqrSR) 

. I*REJ

/n hft#'l+.il1tLfAr*R ( male cone ) fr flE{$ H! f++I*R ( femate

cone).
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1_2 ER
3-4 iltR
5_6 ER
7 iNER
I iflR
I 10 4riR
7772i R
13 14 HA*
75-20 ffiR
21-22 *R
23 24 ,€frR
25 26 H^R
21 28 KfrX

Htt+H+hffiX*"
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62 r fiffitEffi

lBkHMFt+*

fr&lt frJffi il\&+t*W +, t+ * R*'& #+ E FH M F\,

j*+Rqf,ItER.
F]T A'H R EO H = t E4 *F h 2HFI",

' XR (pericarp) , REiEE+E& (ovarywall) . 1EHtrJ

/ih=E, Bprl'RE (exocarp) . +Rtr (mesocarp) ft1tr

RE (endocarp) 
"

. ff T' f+7 Hm4EffitrHH'mFn. ffi + kltf@'&tFht+

E-, H#'ifi (integument) DFt.
- ffiW ffrlLtrSf+*, d.iLfrEtiEztr HTXB'i)E.

EREIft ffi T E klfrtq 4 R ILfrrR#FXK+ frY W h tN'W

*tl'l+ffi., ,lh+R (dry fruits) tfr*lt#' (succulent fruits)

fr*..
+R&tsE.FNF* BTdfE+, RE tr I ZKJ}Zff YH trffi A

f+trfiEfr+**. FIP*Et+R#REfr#, WffiAffit#, jx#

+RfBh1$* (dehiscent fruit) , #.s Gltaseolus) f[HH
(Sesbania) ffiEry.Affib\+" +XElRqfiF*tr , XB

fr*., t++WAR^6ffiH' r8++RffitmR (indehiscent

fruit) , H,tH (pt"rocarpus, f.dffiH)f*ili64fifangsana) f,[

+R-ffiErlhD)T )L#,
. ER (achene) ' tr+*E6l+*kIW-X, fr*+*,?+'r'

EMF\, €fERA,E.H -&ffi+, Hffiffi HlRE'R+fu" +X

*,# (cle*oas) . lfu E* Qtelianthus) V'IR*'fbWR"



EttlHMHlR* x 63

. gER (nut) , RE^EIEfiE, Z"T#-5F+ff T"
+T ( Castanea,'fAffichestnut) EEit *1lrtlT. tFflf

( Qu erc us, y'lif,I oak ) H'! tr R + + - + fiFmi * ffi. tLHt H +,
trJke,fifitffitR (acom) .

. ruR (samara) , T*ry.. tr+f++H!+R, AtrSERfH
ia, pq-*lxn)E+ E&+r9K, tEEFt@fi , 68ffi[L,f+tr6,

+f ,/rffi ffi H't e I'El " ffi fif ( Acer, fi ilfi ffi,fif -aple ) fr ffi fif
(Umus, fliffielm) frt4*EPtrtt+.

. *nR (caryopsis) , Zrll4L, REilffH!+R, RHEt+E
tr6tr-Em)d*tle' " ***ffitrnrr7KTE. EX. tt.
,].*+ffi RqffE*fr+" tfr*lBfrRrff-xt6,+ (bract),

f,LhBfrh (glume) . XnRfiF*trXfrhVltT'dH, 5Xn*
#trffi'.d.

. *R (legume) ' RqH+,bETBHHMFI, f,A_'tk
fi,*tfrffi + . R*FtF*tr, ?W*# XrLffiH tfrtilWffitr

f'I+U{" g#'ffith\n*E (Glycine mai rtEllH- (Arachis

hypogaea) +#13ffi S r8+R*.

Mlt, 6Je-&*"*fr\t++" FtP&H-'fiA,t F-HrfrilflFt.# A

ff#" A'EJ, *+,L,HflEE-AE (apoca.pous) HIH*RR
FI*fi (head) , 6Fl+*1)\h Qlliciumverum) -BkftitF.lF,

*\fftJ+.
. ffiR (capsule) ' frr{+RH!-f+, HtrAffi'tfi*+ffiA

IAHft-ttHlA,L.E+E (syrcarpous ovary) tstr'mfi" R
gFnP* r.J+E D)u#. 7L#fr + lgl tff 14+ *t+ n *)t*, ln
gfffi.



64 x frffitE*

. ffiR (siliclef,[silique) , f4{**H'!-f+, Hffi't]'8filt[El$

RH M FX. FtF{E-IiA#ffi RWffi:*I+ " +?iLf+Et R*tr +
rih+.

h+RP-IR++W)ffi|t'

*tt R?+Xfttffi EiUE' AtsE FiF,ilHiSfE+' RE

lilftfrffil/,, HH4HEtsF &lt*lR*, WtF-, *lt XfffiBh

AR (flestry fruit)

?ttx-wwhhD)T )1,x,

' ihF* (drupe) : -ffiHB'tl'ESEF; (monocarpellary

pistil) tsHmFlffi l^R, 
^e-&f+T' 

fiHA'tl'Effia$
(syncarpous pistil) H^FIPI *tfrtt'+frR " t*.Xfillfrtr, r1

REEffHE; +RMtr*tlWJm, nl€H, tsffiffifrH4-'

fJXRf.ffitX', FH,IEfE, @'fIf+T" lEtr++ (Prunus)

PlRtxJ, tr[A (apricot) . ffi (mumeplant, y'liffiJapanese

apricot).4 (plum). ilh (peach). Mth (cherrv) #[llf

Xht,R. Eft ffi E'tzKR+, ERdi E*ttfrtr*.Wt^R,
E+AH!ffit+trX + RH*4W5e'fifnH, ffi E&8. ffi

7 (Cocos nucifera, coconut, 4*kffiftkelapa4nyior) &

ET,X,'I R,ELz*tr.ilHfu , + Rq.ft,+2+WIL, q D)

ffUFIffiE4" hREtrfiElfrE, &ffihE)t 
^RE 

(stonv

endocarp) . EEA +LEC,Btffi nruffi7K' EffTffim+l.
HVlt X, lF\funilH (nums, y'liffiraspberrv) EH-
*lL+P!E,L'E ( apocarpous pistil) tsE m*ffi 4't'*'R
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(drupelet) , E:F-ffihmffiMR (drupecetum) .

. XX (berry) ' H4,L'Efr6,L.ESEiHflzrt, {Jfi?lfkffi
+ " hTrl.RE, R 

^ 
Pt^H,fe*[r]ff A ffi.|L, trrkiqegEaE

Pt fi Rtr,fx+Ff+T " -flrff 7 Blff ErE*, 4,paT+r #ffifr
+Prfi" EHrl,EtXREffiHflEH (Musd .
tHfHtr (citrus) t{t,rJklR.*tu E,XRtul-tf." l8+XR H

*,blf.R+ffiXhE (axile placenta) HtTB&tr'mfi . ^Hrl.
+Et+tr. *.8 tr Lffi#.# Ftrk1ffi ffi.. ff R.E ZfrrH
iHffi (oil glands) , frA&.Efr##ffiE-i. +REffiE,

t,L, tLfli 11,il115,h' 5{ + E! itE " it*X E + E fr #.k1 4
frB[+fr (multicellular hairs), *itffiE}RR)AiffiFtF*

(hesperidium, 

^frftffi+) 
"

trF+trke H!{EnR

+lFFfrH 4N.+fH+h tuI R *, #r. Efr A E kH'mFI E!ER,
a ffiffi*nw.T + HD)*, &,HEH7L+E. th+. tkffid.w+ftfi

( infl orescence ) /i H' t R * " rx,tj + E D) rl. kl y- ffi,# tE fli F\

HtR*, trgh[rf.#-.
. rFHli,ffikllE.R (receptacular pseudocarp) , R*i/FE
W**llEtL, mTBIU)fr ffi,+lEtLZ+, +R (Matus)

frE4t ( Pyrus ) E:8*4FiR B! 4.4,ft#, tr rlLf,I t 4gR
(pome) " *RklrfRE. +Rtsfr7Lffi+B[Wffi.|L, E



66 x ffihtHft

)LLfrnEfr-f-FE, .RA fi + H.*lfrlX','f*+FER'L' (core) E

H,tf+7.

H ffiMfnffifi+A ?tkB+-HtrffiF;, €-rrEF;HlT EMFX

fr 4' IIB-R, mA + * * ffJ W ffilhft' ( succulent receptacle )

t, )af+'fHXffihmeR (aggregate fruit) ' At'IP{iR

(accessoryfruit) " HH (strawberry) diERAR"

H^\ ( Cucumis sativus) +frEFt+tHVl, fr+EAT'{n
AE Gr,ferior ovary) , &HiEiI,T Eln+lL+4lLffiZ
T, lLffi+ + E *trJ> 5 R**IM Fl, j8+R*tr6t4llR

(pepo) 
"

' W E W+li'trE'tlER (inflorescent fruit' Xffiinfruc-

tescence), M.tlLtr:f,-?. FXF'lfrE*itklR*' 184'lHR

tBhF-X (multiple fruits) elR7tR (collective fruits) ' fi
tLx1infr *#FE A- 4 B'l'fr!l + "

fift,XKfr1i&fr f'il7fr, WH+ W ffiffij-'tu1lLfi L, *tfr-
)ZfL%Ft^ € ffiFnffifi WlLtrE',ffila.Effi, g+Rqft

M4hla+effi4gT" €ffiFn4g{ V'1tktrfr+4' tr, #Hif
? El1t&*lffi )t 6,ti +i *-, " filLRffJ 4',fr'h h t#lL 5 fiE

ft,, tLkl 41.JfilEjj-f+ fr 'J' B! EAfig wasps (B/as tophaga)

*fiFI. filt'RtlE*fttuWB (ric") H'tRq#[ffi t EA*R

(syconus) .

fr.flJ (.q.nanas c omo s a, pineapple ) ill fr ffilLfx*fit'Efr E

U hB Ift ,t fl F, I W fitfr \rX tu'l' li- " & FI *{ H! it tE+' lZ'ff

ffi7;WW*, 54'7LklT ILAEA+-, MFliFt*I*lt ' 'f
+frfiF{. (hard rind) E'iRAR. R*tr!fiEE h@+4'fr'tr'1

lL+ Ed, h *"AmFn. E4gfrH'f&+'fDlPlR*, !nW9 E



E-+L{H{qE'!R* x 67

(Artocarpus heterophyllus, Bpnangka) ffi*. (Morus alba)

S' ++frfit+HR (sorosis) .

X*frfFTlB H ,e--tr.ffi lFHklP +h " #Pffi |EHzE, ffi +
PtEHHtr x{RE PleHHEE'fErt'fEH " le.H+\HW t*^,
eKF (auxins) . *&R (gibberellinA, ffiffiGA) rtlfr
EF.I+*R (cytokinin, lFtur+.*) +FtK+ Bif+T AA
Ft, i*LbffiXF:i'lfrAHW*., WlLX.*" trrk, #R*A-

Eltr.fil-lflttJxE -,fI{ ,l' H! R * "

+HWffi*IiJV'1ffi8-IE H F.+, fr
EEji"#-*AWHhEtrm ( abscisic

acid) i4+,SE ( abscission

layer) ff1MFX," Eilh, ,iE€'EH

frffi ffiii,, frXlEW6 *N ltu\ffi.R

ffi ftumifr ffi +TttFBB[, xtitrH
Eklr. +., # Xti,+ftffil(HltH
mT?t4tflffi*, fii*#Hx*. @ tfr.ft4#_*Ea4[rE

,tr, H++f;H#rn*)tr",t"

A,/r E f* + , H t-htflt.n HEftFt+'tt t*"* (partheno-

carpy), &FrtEiI,, Z"ffi4fi.f;.ffilFBfritrtfiL#-*, iiLb HE
Ht H'lt*q+H *n@ffi#H. tii,T. H+fE Hirt. rsff Rq 

^ 
rE

f+T " Uf +'144*El UrE[ rHXr], fi\Hmr-tu1lL$til4.
,$ & R Et 7L#), 46 lE f+4 +HYh *IlZfS, *\fr l*.l*4.7ii*+t+



68 x fiffitHft

ffi * *lt*MJfliFt fi f+ T Ht R * "

+'y+fr * e,AErEEiff F En ffiH *ft. Fii, btlln *t4trffi Pfi &
ffi (Lycopersicon esculentum) , %.fr.*.KF&lE, diHE#*"

$ffirn*)fr- b Wls9.ffi IFH HE+itr*F H, /{ffi i4+ R*rE
4Rkl ru ffi " f* ffi , f U H + KF *rt#I+'y*fr *'y" rn 4., L' A 4 .

u)+-K#-hffil, I{rWEffiz, 4-D (2, 4-dichlorophenoxy acetic

acid) HEfE:1ts)i+R*tu1B-8 " f*m, i&trfHHr'J, tttl\4118.

tp)iw*, *3<wt\tK,ttrE#tl8,1fr2h, +E]EFtrl h ww,

+=+x ffi +HTEE H illtn^" EH klietrW#.FLtflmffiH. +
ffiffitwr*,.

fU H II,rcE +N+#/ffH T+ TIF, HEHFffi H ffi E H!'E

TR*. fftlln ilj!'tKltll (colchicum autumndle, (dtllmeadow

saffron ) tR$[Ery.-f |tE h tktKfi]tfi ( colchici ne) k1 b%Jffi,,

*ffift| t .h*+riffil*tu1%Fx, lE.t&frmht*€;141p4g. u)fr\

zK'ftl F fi' f Bt t+ + ilAfr , HE + tr--'f*'fA ( diploid ) ffi giEA'

TE/IIAFIE ffiff Qetraploid), f trFU tr'f*'f4ftttrfK5 '
,f*,f4PtE/t\+t, PH={*,f+ (triproia) H'lf+T. ='fB'fABF+

trt+ft.+4*/6 (haploid) W.fl=l*illt . frfiAfi,E+h'f$" H+
ffizAWWAl+, =l* l+T R%rEHZh " rxff 4i$& E fr!='f$
,f4E/rt, **frfi+x*.

* i^1Rfrfr +tr ffi 6fF -Et+R+' +-Bfi ffi ifr A Bt iE Afn

6ff fi , ffi ij j8'Lj X+kl A\NiSr, rttr€ Hfi E E! ff +rt4- fiil

ff & R, +ftIl F,ffitEr-E, tsEHif B.\y., t{tkffi.drffi F,lt'+

F, ffilo: H tr, ++aiErffrt r, tHtrlfr2trEUf,l]fi++HnEP
dEH! rhl ffi , &*+r*tLFfiffi XH'l#kfin "



69

fr it t{tb a4r fr+ +

'fn T Ep tr /li E fl fr' 11 E ffi zlhl k! E'ft iE tl* ( Strait of

Sunda) , A-BBAEffiUrFEtut[r H" *.q-Hn+ffi,
*,fUE d* ff E/R 

^ 
LIr +tft i6ffi , A1&, L.W A6 Bf jerfr H i6H "

iil,ljwffi BlH X,^L&rt,W*Hffi iffi m H ztr, &E/RiStEl, +

r!,Sffitr&e*WE, @+Fttr+fE4Fkt,ErlE. *+Ztr, W

ffiXEH}il,= +Wffitr*l kdrE, im S ffi id#Eilf'ffi , l+tr
+,J.'B lSFt-'fA ",8 .tEH ffl rL itsfAs rle., [4sh Hhl+ *
rk,t (rratatoa) . rxEZftT'HA*LkilTtss3+s E}}EN
*;,.ffi ts, raiaieffi HH6Hi&s0aE ffi He, wlFtr ilfE'tttz

B, E6jEA:sooAE4.fftiFtfrlJUER#[ffiSUtrEE" *fih.
j&xffi B, p{tjE}&XiER BErff H f x++,J. E-'J. 

^ 
ilr 4ffi XSm.

v|, *xffi.*, ElEfEt-Bs}r. +-rt 
^ 

E.
frnl* * *ilH'lJtnfrE, i6Et#+,fr ,ififfiH+HE,'WH*l

YtEEtr r\toX. tffiHltlJRWWT H LFfiH W+fr , ahthtrs

MVJ&#j&T+ Ff lgl rf i* E rnLffi. 
"

f*m', H+i+3^t\W&.++Ltr, 6.Efi}rlT " ,*tu
ffitrhllrhE &t+Lm, 2rfif . fq[fif fl &t+*Hfirhaft + -Ltr
fri. )Zt-btflYnkif+7, #Xfi. i#uKfr:In,ffi q+, r,\fl! ffiie

tr F& 116 :If B 4.- HrLffi_kl7lrt,fr " E ++++ffi Bp tr, )Z+ H 4



70 x ffi+^tEtr

- tr ffi iH ir,E I*#H H'! 

^ 
II,ts, H f* E r!.+-ilLE ilt, r* H #

f*"
H+n+ *'r.il & L*lWtrh, E uff +FB tul*^ttl, \?ryJffi

Ht# tr ?41& wF+ 1Y.f1ffiE'fx+P fttEdE, f*triEi$ H *rF H!

,iFAiE, D)H l&frifr#Ei'f€ffi :614ffirt^ ili H, L,RILT Eh
T+-Zr&"

Hfit*+nffit* a, Htrtil,ffi )ifEffi q+l\EntUA. g ft
lEAHtffi ,'.Sf rrtE;a;HH'rIF,{,*8ffi S;H!71#}#Et[E,F;ffi f]*
L, +.lkl+.JtsfiE-vffi kla'trHrHtrfEtr, + H E.Wffi1*6W E

H'FIjR *@X*lff 7 ; mff T H!m' BF *f -4t+H4Z kl*ht+ " )Z

+bht+zlffi+K, ffi FittrHnffi ffiffi "

ft,Ytf,\Y,,Fi

WHfulf-r?' iBH'@.$E1.?EYSF- (pollen sac) , EH

ffilL#Sfrfrffi (pollen mother cell) , 1'4frffi/fu+*trlfrMrl

*., *tul8Ht ff Et trfi +, H,'fB'f.+E fr EAF H ru ++{*'f4 Bt

4'l4a (micropores) " r8trf4'f{aWtr'lfrtk'/i.$, 6WM

FliYV.li,ffiYv. TLXJi*n^e (intine) +E' ,t'& (exine) JF

q, 6H'!)tW, H illffiffi 4'fi!]4EZtTL" €tftfn'fn&EttTt
H Lr rl*., Mliffi +frffi , XklfrffifrI')lH #frffi ( vegetative

cell) ilH?EEE (tube cell) , 4'Fitrfil4..rh4lEE (generative

cerr) . +rlfrffiHiyffiffi=lRH 4rl*., MFXffi+ffi+.

ffi THiEtEmf , m1t#)trt8i86ffi + ffi /ffi mT'f4 ( male

gametophyte> " +rilfrM&UffiH^' AFtffifrEE" trrll,



H+L+HryZffiffiA X 71

FIF*PITZXh'E, H - +H #frMii*. OstrlitfsHtil fiilfr+ffi
+"

ffii*f,\fl/,Fi

W*E.+AH+, E+H&HIA1E_LFH " ffi*H-4..

=E*48.@,HH4,tl' 
(nucellus) " mffiIfrrrfrE*TL. +jEffi

TLii frl 4,L' + P HI7ETE9E EE ( megaspore mother cell ),
It+fi iE?ejtiffiW.il#-.M6Xtr+tiET ( megaspore ), 

^H +
=frE{t, J1€'-+tfE+Wr*FXKhffiE (embryo sac) ,

mEBpflEEf+{4 (female gametophyte) , m'qF (ovum, Xffi
oosphere) ffiEPHTmE A fttffiHd+ . MH .IJFIiME-'1, E-
+xu+t*,ffiffi,"
)*+t4EEEjtri
Hub*tr, Mll
W+frMM., 4lfril

EBaPIEffiffi"
t8ffi+xE+z+nljE

,l#ffitR, MFt

)\+frffiM, " +*

fEIEffiqt.&€
-+t .t 'trffiH

(polar nuclei) "

*jE4+LW-+

+tkFt%.rfrffi

lil
bt
JE,

+
E
,fr
ffi

ffi

Ft%:.rfrffi

q f4f,AffiWEI:Efl-"



72 x ffiffitH^,^

MMFX=+frBE, ++&t*1frh91frM, *tuftffi+UfrBu
(synergids) , li=f1HB0AffiqF+$ (egg apparatus) , ffi'XI

eE-ffi H!= +frffiilfrMtr@E, EqIff.REffiEE (antipodal

cells) 
"

.f€+n'ilixFtH

H fi+H+n ill rc ffi Ufr t+ nttrtri . ffi -N n 7\rt8 h H lL
.{+#}, EFru''EllL (bisexual flower) Ett&r[EffiErf Fl:r&, tLl$llF

*t ff1ffr1T ftiKf1. 4,*tr2,ffi€ . ffi -ffi rt,\frEh #lL4+yS,

EF 
* *tLfrl tLfS 4+ fl n - *7t Pt f+ * i . fr + *lE 4+ ft ft tr.{t

ftt iE.f€'tt X F t, tr rlLtr'ftH & H ffi HK if; .7: f r +i rE Ei iED HE

h. &ffill#+, lEI b4+rXTLt}H'!EIIXfFJL Gnemophilous

flower), X E.*.t t+#JHllmEq-H,iHffi (entomophilous

flower) , iBitffiE'f+){SklB4rPlk (ornithophilous flower) "

tl,9f*t-v/r-HffiW Gquatic plants) ln#&H (Ceratophyllum

dem er sum ), fr?l5 W tK h *4+ ft " X.* WH ILfiHMJ D) Rli,4+Yt

rt'\ffh*ffiHtBf+e"
ffifi*W*&tr.i(tzE, *h1WKWFK. 7z#i 

^ 
&ffi trr,\

ffi H+Ltit fiXil, MFttat(;tr "

tLffitr 
^ 

HAtr Affi."?flfrffi , *ft2il1ilW*K&)kfl71
ffi frJ *1 fr fiA+n ffii6:fr+WtW.. \tEt{t tr Wr*H 7 E ffi dE r't, H 

^ffi+ffi+Mtbtn€lLffiH kl r,fr , KP€ETLtJ)HlEjiTLfi, lt

^+ 
E, trMffirfrkltfrlL, )EF)*,r. E frlm#" fr+qpfrffi*
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)Ltlffi+WtfrnEAfi HieEf!+EE+ ( calcium ions), 7[#]

E, i&tEffifg, ffinEnL+fr, nElLySHSqlfrn@&ffi" lLfS

B frl*ift k*il S 14-14. tL, WH frJffi +ffi+tlH #frMM,W

F ffiE, H+-+ffif EgFrEa^, Mli.Wffim+EHAt-,f
fra+, tsH'fin^; n-+ffi+5.{n+flIE+**1fr+tk%ffi
A, EtrFin4+1" iEHEffiqpffimh=ffitfr. (2n) , miHHtr
ffiik/#,kltr*Lh =l* t+ ( 3n ) " rsf+ffi 7itrffi rn*tfihxxF.ffi

( double fertilization), EHIL1H+U\HH *l+WW'i.E- "

ffi*iltY:,Fi5rE+A

9F fr ffiP.ffi Z tr, A A 48.@*# frWtu1 4 WRfr ffie.Z
+ . %.fr.-W.KffiT-Pt'f HRHnztr, ATl+ffi)frliH 4h
*,, MdtE\fr.1+*1-yt1frffi,, frih[RfuT (pro-embryo) " trm
itrf,4EEtrjt lluthtb
*1,, &aft.?ffina+
#, H Er),f4pl}&rtA

t\hl Ylw., wtrMit
*MtlW/6. m'f4rfirJtr

frfii)frffi.h|t hfrh+ tr
[t, Trlis]Xtl|tfrffi
FfEmffi. rx++t++n

fittr+7-ffij€ tEEL\_L

ffJ#LfiMfit "

F-,-,fiffi

E

4.LtDtll

ti+
4L\1:

?LYTE

*11
rft?,q
qD

$rfrffi
+et^

@ T&7tg+h+F,tr)r!+q"



74 x SmtEffi

++ilt tiltrh tul A + h,t)Wtr ffi Yt F\ffi\ftffi, EI ffi -'ftrlJ S rL

,J.HE', rk rifrMHK&'lE, 4{&*F h+KW'lX, flitt tr h "

E,HE-f trfi 57+ lEiF tul#tq " ffi{ ffi ffi trA tx,Wn\M*

ffi (coleoptite) . ffi#. ffi+RflH (coleorhiza) . mfRU&Etr
,HfExtftt4.m+.

e+trffiBt+Et , fr\n&Tffi%tr'f HRrrdffiElt')l*, f*rn..@

mfikM.*1frffitr*['ffr ffi tr{ Z.tl#-, trrk#m# +'nfr HXA.
*lffiHt ," 3-gLtt .Mz*il#-, frffi#+W€tr, frffi&r+ih

frtn, M ffiHiiWW*LfrM4E fii.tulffi*1, ffi*LWT W#+h Z
,1, )6HAP +-*t+th+h\ffi*. H fl\tH.VJFfi friFit*lffi*L, &t+ +
tsH$f5 +,iE tuTWtW., *b',&W:#Tr rr 8, tr rlhx+f+ +.F.

AT rf miAH W*1,'4P.? xx+ + ffi+nhf' Rfr jxf ++,F. "

. ,H.+f;R[E, &W*kHllf+7BfuSilE+, 4,1'EBtmE'

578#)€fEiE, ffi+ E 4rtfrfrAr+*A, *ffi gpVtlidA, %,*ll
KBptm. fl -fr\ffi+ trfl68++Ptffi +tkMW6,, *ffitkv.
M:,*FXKaF \EI+L " m4ffi *bNTt F96f aklfFE, W*W*11
flifi\t:Fak1ffi7L, ffTEtF*Ej, //.4tfi (tunicle) *AiMFLflfr,

1*, -ftffiT L]Effi TKi)E/}, BI]TfFffi .

- W6tLtilfrrfif++ 
^ 

F, t -+m, tr-.A il'1+htFinfHtH

ruER+, *ilUl,bfu\Ul* (potyembryony) ' &f;JiEiX' -
+trffi qp HaH ffiw +*F.* frlffi " P +-*m ffi tr fr IFHE+,
H + -f tr trE H freE ffi tr Wfr*mjVFi' 4'ft,+FI *Mrtt
**I!RB, @ffrm#+ frrn*+w*, 4Effiqp 6A) 

'11{h&+tuT. ilhrl., H{*H*,1', 4mEnB.iEi.frffittE-F--frffi,

PHP!6Effi (adventitious embryo),'8* +r\*WWfrFX"



HtrLtH+hffiffi+ x 7s

ffirH!,f€+ffi

it^X (Charles Darwin) Etgfrfr,si EIIHSU' FnF*Pt

H&fl tg#hiH-ft,*l t14fr' tEEt T 5 I 
j4E EHf X, )6RqA

ffi , +'ftFtt* ffit+ +HzWW&btr+6. +Ftt* HiR*iEH4tr#
lfr , mtuE Et f -f+E +, W tI?.D)r*E lF h ffiffr , HEffr 'fft f+ T
+fr+HH ZEf BiirqB|reH Htt r+ " A'R B'! q*E+HWfi+ +
fit + g ffi +tr# . g#'f*Exf ffitr W-v)+iRFE, X+ +tFnP{ B! R

*, FfiD), -ffietrq#EEffiRq, A[t.e+BE)r.EHEfttC,i+.

E. AT&lElifiA ffi R{E= (fruit bat), fr/iE4-1ffi IE]tjL#R*
ffi iln I& . H tt -dt *hln)y* Ffr,, A Effi € +n ffi 2'l*., H l+ tr R 4 f+

?HAiE. 
^iE€ffi 

PtffTA++ nH*+K, trrlhffi4'E!ffi

E4ET.

- t-b t{+h H! R * fE ff + H'8. {rtj +6 *tJ d +fi i.fi, 6E plt +
drWJtul I9+, t:, WH drryJflAi$Amffi ffi Wrt. trfit] € H!

&4 (Xanthium,'fAf,Icocklebur) f[ H?/Ayff/.fr,&.H! H4,L'
( Boerhavia ) -Fnftl.tL6 

*1 Vrl + .

i6tr[\r,f€+ffi ktf+TqR*, H'f+EHru, 4nifl,fif ' 44
Affi+, laffit4 (Compositae, XffBAsteraceae) *1A*, trJ'f#

D(7:**ILKEEEkt,f€+ffi.

€ +-bzKt fH VJ*lt+ +*.+*, HA'f# WtrPJ *i'AX, zK Bl

Ffi*tK4-*H, fiHEfiH (Monochoria vaginalis) . tr6
lfr (Sagittaria guayanensis) fIFIHRE (Eichhornia crassipes)

S, f+TtrIIE, nl"ffizKiHifi" +q[+HEAzKtiHi*, 
^RtrtrtE, trJffi{fiEzK}trt$" RA trtt$zKEi&'f m+1, HE'ffiiq[Tfrlf+



76 x fir^tEft

mA *& ffi iEra ffi HzK Z-. HT ffi * +K "

lJl4l, * e#RFiF{r'}, fr20} H I T*.Ffir- +.*IrfLffi.h

E, Wt++^RqgBff H*, RlillZ (Impatiens balsamina)

HiEUr:iil+zrt4€+6.

*.fr HH e*Hff +, 
^M5 

lE+hklt++ffi1a, 4 n\4w
#hIT, trrkHiE+& lF.VtWffi+ frrH&Rfff#' fi.Ftif Efg

E " + H e H {# tlEr E f E zt {Lfrlffi ' FtJinffitnil,trr &#l fl m

1*--i}.il&}.B,I&g.

f++H! +.frh

f+ +qE tr klt+' E, HE'fX+F mE* +i \ttt 5rf'H + Fffi .

f+ + Bt #'ft fr T r f 4m+L 61 # 4l ffrtBffi5e., D) &ffi +Effi H! n
*,5*I+H *,. EHffifrB*iEBTZiH+, WE&IEHW'E, +iH

ffiiL#+t+ +6 ffi +++. WWrcHr#f$.H P!fl Hh' A6rE[tfrl

tr,f ft m +,x*, f+ T ffi # p,6,ft iH 4E HrfirB, #-ft e hK " EA E fn

( Harrington ) + t e7 2+W frffi + a\ t( * Ifl ffi iHtr . i,E tr rf f +

?tutrffiffi,
. &LTf+Te tKB.swEtq%ffi E tr, ff T'fr zKE€ F#'fft tx,

fFr+-ftroK-,f*"
. el+Bffif+Tmz-'ffi8, iffiEaoas0cffitr ru ' €p+{ft

sc, f+++ftreK-{*"

HiHfrE Hi,E tr *11 Rt+T 6 ffi ffi P&AF, trFiff E'l+
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ffiFrf.,'fttr H ffi **+€{t tri6'y*tlTklfrUr " ffiE ABiffi

ffitr, t €Pl 4\tAtPMt*1tRH, D)&ffifrffiM.6ffiY'f4+, A[

+ + f f 7 Pt H',t, F ilB . D) tKffi h ff tl, t:.Effizt " c 5 f E r'j i,E tr
2tJ80%w4ffi,F, fFT-fr zK F t4yo, ^r,+fr hx+ F4-+.
# ff 7 A zK e: s%4t2%, l4 iffi /r f r c 6 I 0 c, fE r'J i.E E s ox

67 ovo, fFTffi +#trffi 4ffi ffr +, €*,fX6 roo€zoofr.htrx

I&, #fttrIrt .1E4.
't?.*+#th+nffiffi + A\Effi W+ +. q ffi fi f+ T14ffi T

+.H +, HZIF.$ R* h )tW+ +Zh " ffiHT*rEd+e6' Pl

iH'f-L€ (alimentary canal) fiFHZtr, lll*oID)ffi*" +ffi
(Urtica) Htf+TrEdE+ffi iHrLrtr, E m H}AA IBjiEtE+

?+Eg+ " H4 ( st"ltaria) Htff Ttr3 C Ht'fKimqiffi +'fnHEffi

ff . H effi +f;AFIt*fr+{*FL BEAtr4Tsoc fttiftvfl "

:tj*+Hr))$7, tEHH ?t 
^\HVJ/6, 

fi'E€Bfi EEH'I

IRHIfr., ++HMJIH* " f*M&iEiGH KW {N, *P H'E D-I THI+ HT

ff iHzrt,'fERqfi Fetr'fn* BtrEfif t . f+Tg H! W, Ttt*
Tfif-LfttR*^i9*, K$ffifiHlmffi (embryonal axis, Bllffi

frl+ffi, €,+f;#frfl4tR) , ffiHRqzrF, Tffi+rtt, xr#A

W Qiviparous plant) , f+TEB'lAHEtExt&'fft, trJlLffT

t1 Lhfr fiR H I EW *1 1#:"., 0fi6.N^&r1iffi E-t, W iE'xf H! ff

,fH+6EiEzKlEifr, +Ri rytrj&&K.



78 x frffitH^'t

fsrHli HR-5dHA

H effi*n*1ffi+Fniltr, BF'fEAiEH V'1r{.ffi'Xl+T, 4J1

f TnBpffi +, rsf+tsE FiK)$fE+ BiE trrn^ffi# 1Lfi*f6

t.f HR" f++'f ER€f|++nrt+W+F,ffi9s.'rh, R6t+ifrffiWtlt

ffi" { HRH!trtr+EEf+8fi.8, TtuEa'filK, mrEFdqtr

rEffif+E, trffiFRffljf++ffiE " H!lrt++A#Pttr!frljffi#Hn

thffi, !nR- AH,m (hydrocyanic acid) . HilLWfiE++rJW*

)awtrtt ffilHW tr, ffi AkHAnH* .

fFTffi trHttr W*l+, E,y)rfrn&tw.Ewil1tKh, lbt+ tyw

flKWlx-, AF,n x, rf E&',994, ifr {-t-6f+ffi *)nB[:.ffiMt ffi.B\

tKffiff H, h Wfrffifri1 h*{fiEl$ KWIX#1-}ffiAEE. -flttr
E trAtrH H'tf*T, EWzKEe&t " brllnj-.s-tu1ffif ffi +r'J

ffi elzKtr, ++ff + TE:ffirzot. 4,*haot. tr EffifHrf'fft

kItKt4h+0Y,"

X* Wt+ + ffi4 ?-^-fl E t ox D-l t ffi e 5 * frfi EH -HH* 
"

fi,F:, 6,9, T+ T F, HErtri )iFt'vYB&, 4 R tr t iH ffi fiR R fr*,
lfrt+ + + #r\t- " &t+tHVrJffi & r'J Pt ffi -fl ET E, tr +ffi ttr
fi -1,m'-,I3zKtEffi f S,F,ffi ffi 4x#fi ITzKEH!fi ,-:lHiHZffi *"

f++ 
^ 

&f+ffi kllFix.lc.H , RHV,&-E ktiHtrffi E 
^)t'tl, tr riL, H E fF T Ht & i6ffi Hfi rc- th *1 ffifF fr *t jB I F H'

84" zKfEffi +Ptfti6HffiElr'T:oc63sc, f iftiffitrE

10c, m'&Hiffitr;b+sc "

zoE:2teo€4\Itrhffi.F.ffJ1.5&H.ft., E_ t r))t+ +. zKfrlJ

frfiE+'-ltE,t k!f+&+.ft" BtrEffif HP'l'*, t€HHPzK

+" q*tru5hltsEt+. fi'frlltrt. *KFfrM, {EtXn?ffiHP



Hft.+Hrynffiffi+ x 7e

ffiffi , fiilrh\4&r /y.€A fi +;-lWv{.,E 8, WI+FE+€A
tfitondfttzKY"

/t.+/t\.K+fi HlrE H5 qH +, Wt)lT ffiffi+rf +RA HP B.t

E4,14" RE+H-AE]E" "-*]Ifrffi, fffii1fR" " ffiE
Alt  tr }gK, ffii&iffi/), mwBrc+h +{nHfEFES&rtffi

76 ffiAfUBtrAUE#HlffE (germplasm), f *fr4t=tfrW



80 x fi1^tE^ft

tfrha4r 4N,+ fr, #

ffifnffiE (plant communitv) HHtr4l'6H tr* B'l ffiEliJ tr

+hffi zlqffifr+mPHAF. r8t+ ffi#Bt Fl ffi ffi&m HII,+H

#+Bt4'{tjifE, f'ItH*iHfr (ecological succession) ' 4
#iEtrEF'rA +*R tl-t++e.

t5+h,l'rfr\fr{x4-f+

ffi+TH'l++,&, 4r,r{^ffigqffi#r E, E rEHeUXBlfH

ryJffih+[ffih" 4*qiHtr €,tilF-zffi , ilW*1MWe6Wffi

In, #EffiE r'J r'El BtiEfim{?+ruxru8+ " H +EIr'j{ W +tr
'*tL+, #18 6J *fi - ry+nffi ';s.trLtr. h ftt*'n e ffi E sU i6 it' + fr

fr - t-" fr+ h F-:feglf?MtF+xm'ftZ " #IEYF#W*bW' Rffi

A-r|+-f++&i{ #' ffihlftfk (climax) '

+nfrxt+, ffih Hfr ft+#E#kt*a fAH. azwffirt f"

rfr=F.+k1#/6 OlrtBnil#frt+H) , WfrH-+W-f lEfi!4*

'{i ( niche ) t))1frlilH e6+&iE6iSfE + PtU'fC*miH 
^' 

t
T fiFtf & E -f eH + tulfr+#, H t-ttEl,r1F"lI"1tit B! HK'

5 rB T lEhH E'! A lnl . ffii ft rl 
jE4[ H't'f S lE ; H a-b tH+,J D)ff 'ffi kt nt ]A

ef6 KB H! fif ffi , lfrls1 Jtfiv* ffi trf $U,em, ffi 4' 1ltHM)t WPA



+EMH'!.(Z+EI;E x 81

ZT,RxE+L+RtrAi.

A fE 4 fi 4t pE )b . # Ft tE 7K h fr! E ffE +, -'L*b ti"trtJ A?.

W&frffi,hFetrfr €,leqEffi rcHWk ++ttffi., *trffi

Effi IE E 4X,+ E i* fr iB X Ifu+H, +h Kl Ffi 'M TILfrIJ, t8 h TH fr , TF H
(allelopathy) 

"

HZr- 4tTfr,tE H tu1 tL+ Wr ffi.+*W+ tHWftt ffi [6,ft irf " r8
*ka yh r@flE +6re# lE E rli H,
. ffik lEH k A+rtftHffiTAFift ,fA E E/Affiffi .

. ffiiB,ffH, k#+tJffi#.6ifi#ttr+ HtF iftA"
, RiN,lFH, \HW#*W+ klW,W *{h, 4frM.*+rt+kqtr#

w.frka+h"
, ffiblFq, tLh+hpfrEt+Vrffi*Ft8ilkqi&,f +f ffi++& +.

fr2r&llEt1fr.tEBkl4/.+WJ ffi.X**H B) (ptrenol) . *
tffi (fluuoroids) tnHWJEfr,# "

ffifr,+H+h"'t-ffi=#

a6r+, Efifit{yhlHrtffffi P!f++ xBW, ,*r1
(Bambusa oldhami) . ffiflflI (8. ventricosa) . At4Eff
(Phyttostachys makinoD Wt heHWXkAyh, HE.fE drr(t

fiffi ,fiE ) &,AH HlP H+Efr,IFHWW.
q X +,S Jh qt H nfultrf+tH WJ ffiAtR ( Leuc aena



82 x fi,^tH*

leucocephata), - E MRHK, fif+El E PIH'feffi ffi*Yt
ffi ffi " ffi 6xft kt r* rr5 iFftl 14fr.t1,&, i[ *e-a"tr +B] H!

tH,Vl#* (phytotoxins),'fItli[gallic. vanillic. caffeicftl

ferulic acids " - &%-H H IrlTt+!& ilI*Hinttfffi (Ageratum

conyzoides) , EE.'fltrStjffiAXtffiffiffl, ti*tr)tt€C" ffiA
xkk!Et,+ frA6sv,n6k1a#H1fr" (Mimosine) , SaEH

{tltfiUzKfEfn H H Pt fFTffi # .

fr?, 1 I F. tA H. lE H W ry/J Ifr , trf 6 trl tH +h Ffi fr . lL ffi *il Elir F
H ttp*.tuI *. # " lFt ts 6 i€ H *[ E iE - ffi H' -,1 ffi H #U ( vi t e x

negundo) , HEffiflqE (Digitaria decumbensffED. ciliaris) ,

f*m*F+fi!]ffi 'frAH 
(Andropogon nodosus) W+h HK "

til+h + X,,&t, ffifr,lE H 4l-A thin *.Wrffi&t*Mt+ ffi A
tr, Affi EtH +rJ&W-F.-filffiffi Pt+j* + H Kffi .6,WWtn " r8f+

tfr,*Htt;, lE+H{XtuIHEelEl E, H TEj #RflJffi klB #VJ ffiH

PV, tr!+n h 7 frJtrtj jE4l3 P! fi +, PEA ffi t&Efi tj Ett +fr *$ U F
1lBAffi"

tH+rJ Ffi #ffiil* B! fE H'ff ffi k e +h, -flt'ff ffi +H lffiHryJ

*v&*r 2H2X, d( j4 
tR *[ fr EE,'ft H fi iI E H wwK{#l tn H # .

6+h&*+irEAU,h

WT 1.+ * +HHAI- +t1fr,lF H k'A +rJzrf, t*trh+ x&k
In, Htll'FWin^et (Secale cereale, |$ffirye, lftrB?#lf,-) .

4.*. 7Rt (Avena sativa, (dthoaD fEH E*fi13H'V'hlil4L+Ml
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EXffitr!]+HH!HK.
€ *EfrlL, t++xg tFfiWtt 1+*lE+nklW+48 ft , H

,L.tiiiltl,Zffi ^E6dEAE'tfEfr fr\h.f*ffi 4ltEf +r$fEBtTffi

*\. tr tJfr ft , H F'fiitr Et ffi t+ 6W *.* 7 tr €" Pt tir.Ht$'El, m

'Y"rnW*h 
^rWHt 

A frV, h& E E H K .

Hffi +Xi h, lElt,KE*ltBffit1fr.lFBtu11?jt, tr- U j,=i

H S HE U A 9 +8fr.t-1,+ +rJ ffi.*Ifr/> *H,fC E ft! ffi f+, r .ffi ,r, k
ffi&xf hHfilJBti$tr,mf;i"

h 7 tr -6 fH H lE H *1 +rt ffi.Zrf, tH+h h 7 +ft 4tr * H -dr 
+n kI

[f,trE,, &P +lilWkllt +pfr 'MRl,, +Efxx€H.t EH,. E+
ffivfrP:ldr+rt*rx&m1lB"

tH%txt'dt +h *1 k+f.n'mmfrtl EI D-l t E&rl h u)T W*,
. 1Bi$rmAtrfE+€, btllaLKE + E** E 

^ 
)gAr*H!q6+

#E,H.frire .

'rEtr+*ftH:$ilE+€' *E'MH (tricotiana tabacum) ffi
iMtr0il (Nicotine, lStBEfrT) . effitr (Derris spp.,

4iffijewelvine) H!effiEE (rotenone) , D)&.*AH
Htr ( Chrysanthemum spp. ) rlTfElL*+ Ht[AH,H

(pyrethrums ) AFF.tVWWfitI+ "

. iBi$tH%ElE-*lltW.rcffi (photosensitization) F€, €
w tHW ln lilL R+88tr ff ( P e tro s e l i nu m p ar s I ey, lffr'ffi :.

ff) , frAB/,Xtu1tl.++ttffi' )t^l+.FtztrW&F.F.ffi, *
Htt *,KZT 1l tuD + " - *3 tr -*, 1+Alx+Ats| ffi ffirrJ Z
tr, &frilflJtBi+FHED, f*trB+mt.

, ttufrth+hfrUffi ee.f++6 fiWfh ffifri +€, A ffi fif 
^4rt4uf 

ffi



64 x fr1^tH^'^

(Acer negundd fitthffi (Populus spp., poplar) , 'f^^e
H*t+fi.tflftD;K#'t+frtr (water soluble antigen) , fr211.&

+Ht& (hay fever) D)&XlfuWr&4%fu1+ffi .

)&H\Ef +h7r,H€*

tst tH+tJAR+, u)+Phffi,. *EX (polypeptides) . Xq+

(amines) . ffiH (glycosides) . HmH (oxalate) . fifnHfl

€trH (toxicalbumin) ti.
tHW&,fr?M+]*+tXW.6f WTLRlnffii (copper) . fft

(lead) . ffr (manganese) . ffi (cadmium) . ffi, (fluorine)

flrEff (selenium), \4 ^E-tXR.+frEE A . *46'nffi€r8',[itH%fft

+.H r'i, 468 5 I 4I + €rn*, ffiA/LFfi 1l Rillrfl,+Efr/iE*+
44Bt,fr[+"

& RAIEfr H! +4tE Er[H tt], H WI\HWJ* P +++ffiW tX,

+W ffi , fr?WH NtuPHqr SI]XXA H! fl fr, " ff\ln1tr tr k!& Rf R

+ffiFW, Mi/l'l#tftfif (Azadirachtq indica, 'fAffiNeem tree,

B *IfiI tpokok mambu ) Pt ff TEI U H *EIfr x.eilJ 5 gE E,

ltJ " fr1 I ltrtt4t&+#&tzif , EF Ezt R Er izlef!] H #tH*
tir..&,.

1z-#.te se+, iH E fl, H+ x+ lFirll ffi ff +rtffi E ryiE A
EtHiL, tfl+iriHeE.*, (desert locust) ,\xffrf+, BR+#ffi
fif ftt & tu -|, f Rn ri,Lb H 4, ffi Ep tr f, S|H hbtHW trJ ri lI + rffi

A. gE,fdfH VT4LilH*R#6ft,+)tft,2tr, #ffifii tri sl +W

*fr*Tfi+R. *ffiW*E.E_frv ?tR, B lEfl+Art#lHffi ffi



tH+zE'lit+EtEs x 8s

*B,ffi 4ail, P+i&trHlXW. %.fi.|X,+hffi , t++x*++
fi -fF trE" fE €'ff ffi fu! H tFF ( azadirachtin) " + tr klafi n fl
fr , D) ZW 

^++ 
+ F I€41.0. sz#+H * P! +lfiU, HE,fEHiL\ F .&,

( stripped cucumber beetle) iA'f+rhi+A" H +Hfft PlntHfn

ffi TEA rH€5ry-+,Eit+tr, 
^#HtrLR## 

k!& RH U#ffiX
frB"

tfil+rttua?Ffifi)fi8

#ffi ftlRqrf N,ArtnffiA #, iE€fi'E+ry flrr1 B.^' + R
,L'flEfXfrrfrEfifEuK",,\4kt+€tE{ E,+frxEri. XBH. tr&ffi

^. 
ffi +6 " [trEE€A9 twrEt_. #tft E!€,t4trf++H]ex7l'.E

m'&4, e,tr mF.
ffixt'M.E+hrrEH. fr HE)fr €H! ffiW, tHW E ETtrtr

Fh *, " bltn*Efrffi,rfffi&t HtE -trEH ffiffklnftffi +h ffi' rtB

h h ffi.tr " ffi ffi.E ,e-Ffi rLf&+Ymt xtHWLHzRtul ffiW, HZtilrE

ffitr,f4H! ,f+"

ffiWW^ - *!lL+Ml ffi' tnY/lffi (terpene ) trEW)&,RHr''

HH (trngicidal) rttr'.frH (bactericidal) B"J*$'E. tntltsi+H

,ftrWlffiE, (scale leaf) 
^, 

r8#i.h++hffiA?.+-wH+ffil{

+@rLffi*"
ffi+n e,* fr *at1ffi IR t+ ffi w w rE"rF, H m, 4frfr ffi, tr 

^h 
r^

m, 
^ffit)JWH#FE!{*&. 

r8+FE*[fi Mmt, 6E€ &]epP

fi[flffi+EHH5frffifi-ffiHiE. fEH)E (rice blast, qXIfrfi
! Penyakit Karah ) ffi,E* + ,i;Pr+ 

W lgtl + " fi * frltinffi fulzK fE ffi



86 x fr+^l.En

t+Effi 4R 
^fr 

ffi,Vtr41t,trll, fl iH 5 I tstr&E lU 
"fEtrf 

\l7wil1

t<t'{1 fr BAI^TZ " )8'13 t^rE fl\ t*lR H2R, trt Fittttrtiffi ffi ?2+f Wfr1

+4,F F+, *II,+fEf B!++?trEryH-L fr\48 4'N1+tt+f t,
4. iE ffi:lt Et ?H nE tr 6 q4E + fri AZEB %.r*-n-H HK .

t+ + x':R xtr R tH ryJ Yfr ',tHt R tr',fe * B! il1 ffi !] Bt fi,fi * H Irt'

g )E )H 44 
=r] 

*'fi lu E+, xX+ W THMJA f+ Hl j,il + h' + iffiifr MtX

ffi+n fr\ r'fi lfr ah, f" p+ x f+ r& ffi ffi  'fa . lx f + E ft ffi +, TE lri

q., ttl h *.\*'ffi|Ltrilfu ( Systemic Activated Resi stance, 4f'1 f6

SAR) . tKtttW. (salicylic acid) E#4$tffi4X'ffi'1\i*2h'+EgEi

iA€ A+ . tKthWE LLffiiU FqFfr E d, ( aspirin ) fi! +E Ftr| .

= 
ffi 

'H 
rf,  fH yhlt, /KthWfr2fril'1wffi4n, ff ̂E-;- +5 k)fr il1]E

fE*E!E E. B't-hE AMR+frEEZIg] ' #E-62Wff.taffi1ilY

fr BUHj, h\fr+Hffi 5 frffiil\frn1&.. ^E'AE&4f H H! jr+E E E
*f; p -t, 3 glucanasesf[Fft/frffi (chitinases) 

"

ta+h)frkfriJyntffi

f++ XH Ef e HEAFt,,\triA, g rI+, tMt tHthifi tL'fi\ "

8&tEfnifr |Lntl1fi yt,t{fr\H@,-\tKthw41i-4\,'.dT+HM+r,

- E EHBlfE * i'HllifinVi\[ftE?$ (appressoria), IA Ei X*tJ

ff (penetration tube) trfiffi ffi.tr.\2HfEBrS fl fl@'Hl' tH+n

tfr lx,r\ * slr rtl E rk ffi qn g1 ft, E4 %, frfril H fr\ *. ifr fli Fli*B{

( papilla ) . +LtEE*lr'IEB )F f H'! EHfr BEEE. atrIFEEl]E

6+ T EHtsE ilh&+b kllh?s, #REH fl\l{+Wri{Z# bfri



tH+28!1L+Et;E x 87

lLtl -.

Eailryffi E, 
='tptilry/)-vrtliazgrJ+, 

fruT*i|l,Et+, lfr-

t*rynffi H,f *tr14^H-f.+tgft)rJtttffi tHYu*fr -d\nlfr ilttht).

i  T Mff|ryJttvFfr.++ + H! F Li*' D) D.tr*tA
+n ft k + W'ttt + Ffi P +. fr\ k + +n )fi.' .H 

E'riE )E n]. 1$ 2* & tlL

( sustainable agriculture ) H! El€+E'f+E- 4 fr++ "

lEVE*WeX

xl

---'-'-fuiE -EttsEE
leT

*LR

@ tH%ft!g1A)#.U+nigr"



88 x fir^tEf*

tL*h )8*.k 61 th nV, h Ifl 6

fr Lk1+ xAr'I E l[ H 3t], l$#\xt 7Jr VJ kll+:rLtutfE Ef -,

i84,. fr f+iH7Z+Bt&trHS|J, Ifi+HKHIH, TEHt{[lJ+

iliHHry'W&tL+,fAHR" #WTfr*+frW' frU#triHEffiK, E'FT

+fi&.

T_*.*ffimffi*

%"fiKffiffi?.trl#" x6fr n, t+ + 
^Brrtt, 

-rir+nffEffiMJ ffi Ha

tr,f.+ FJ 6 Ft F H 1ffifi rh H\ill',MEVJ ffi , + EA AF 4 Bt *[',fn ffi

ix 3u.{4 fi +,fu# a, r'J#,f4 Bt HKfl tsH' ffi * fr,# ilI IFH . r8

t+ fr?4fufr k +fH,E, P EE ++ ffi H Is itfE ki H tn+h ffifiM!ffi * 4
{aIrl''4.

ffiMJffi ,r*.*1i9.R9F*, E Ef a\il HltH Yh'ffiR (ffi jr#'-)

Hfrjl*, BF+K*. lnBF.. frfrAh#-R, HtrM.tnL'ffi
(ethylene) .

4-f-k (Auxins)

&K* E,,\+&+ Hrrl, Ht +H +hWR " Afi 16 t ss otr-ttfl



+H+h',ffi*6\h#.-5ffi8 x 8e

7 -rAA @ H! *W, ltu B-rn#\4ffi+n*ffixfHREqft E! #h tn

&ERff , rsffi ,i: H di ZiA Fr )L€ ffi , & #iEii, ?nffi *.* T tr)t
'[t (phototropism) 

"

te28+, ffi= iH++ (Fritz went) 
^Uffi*ffiWqx€#1

ryJ ffi., rtE \4trtz FA x fH E't Uffi frt, r8ffi at H di H\'W.e-ra XH
ffi Pt6E' "

1934+, fr*&ffi)4 
^tEffirr 

(Fritz Kogl) ,tl\+H'tE

A,: 
-ffi x ffi }e W.tu1 H +lL+h [fi. - ffi , FE'ft EF * A H'lhE. rA X++ "

rtfFitrF+ k! ryJ ffi., XlX,+ #tqffi' fr %.i16.ft., rtB h E1IWLM

(indole-3-acetic acid, lHffraa>, ftt++X&.+HIIEtEF
E&ffi+H+n+ H'rH K*"

HKFAFi H't + g*[,{nEfH WJ 
/6k1 rhftl trErfr*, +T +tH

VJ *1 tl +2H2R, xx+ + \HW+E tt k! # . +81+. fi #)f r H B' + E't

R*5f++"
+- K R H th.'l+E& H! ++'t+, J1 HE A tH +rJ 

/6 Lrffi fq T i,ffi

ffirX (basipetal transport) , m'fii*HTHt4++ (acropetal

tansport) "

HKFft Eg Et ri HAErErlts tHWill +.K, )rH Efr ffi*I 
^H,fSKfE+ft, E +f;+Et Elf,€ ffi E E, tl&tRH! F: je'HE D

( geotropism) . HKFH?*i iX,frffi,W., Wl\frffii^fiin..tKkl
,rHE, +ifAiEWfrK, frffi&trttm+f tK'f.6fx.

&KF H! E,ft, +WtE H @,+frffi fi !J rr. ft fE R * B't Ei,W.,f/e

rtTEtRHtHK. rerlE+?Lfl R*HH.
+KRE Bl)Lf E HtH r6f i2, 4ftlln,



eo x firfrtE*

. Md|rntt+tp. wr n +ffiklt+ryJvJtt, f*tr\+&#iE^&
K*iFi& (50-100ppm) 4XAfiU (500-5000ppm) ' HE'ftH

&frffi'WF lt+tILAEfr m'Rtsm' ffi +ffi & ElFtifr B.

' pEtEEtrHtYrFX" U*5R*AHKFBIAEH, f rrrr==rx

,Lt'**E')BqEf # EI, HK *BH #l*Mffi Dffi AET p+.

tr ft # U ,A.f AFi H'l HKRIaF^2ffi ( naphthalene-acetic

aciddfslffiNAA) rfrffiRfif ' EI UFtriEHEWMIl-, PlrL#

Ei. #iLfiWX+r 8-"

''fErtr[EZLH! tl tt'. +KRHz&Nthffi 'l+n\ " M+nft'+H'l{4rtj

* gatlwt['wF. w flEqIF H, D) &-E HR fr iHE ffi wil(itffi *.

Y* &ffiWR+, HK*PI Wn(,J&.fl*. lgtlrnK-WB-H F\

t&lkvl*tnwtr i.nE Tne ffl,*#E, dt HE &q'EEtl, M Fl

. WL. H/[r[&?LEth4X':8fr'-;Wfi.HKt*{EFi.
.'fErt +'t+ 4 * " 4U\*r h ffi tHW ffi g -y.ffi 'ff H X {,E'ft 7 H E

H.FiR, MHKTE + EW*FH Ffr ffi Kl+H+,Jiff*. tr J}I

# D) 4K?.ffiH +iEA tr#i P! rffi tr;fi*, +E 6E EH tsH Fn

R" H+ffi*\kHn!*ffi, trftRq^W6t++" fi+#
ThtriE X HK*&bIE}BHMFT EI "

%fr-*+hfrBfi , t++xa ffi7 &t+ RH sK*ifr ',t+ Ht 4 K

,fl=FfiU, ffllnz, 4-D. picolinic acidf,[dicamba, 8t34N'#P)]1fi'

EEnx& RHH H',lxHfiU. 2, 4-Dh#aLwxwF.4jt#',t4

,H'f+]L+K''{€+'UT*[H.I, ltu*rq).Wt' &*r^tEtKilfr
+il WfrUr, r€FIf++86 M+flfr , ffi* +r\*++ffitfrtl "



taPzffiF..ffi],a95ffi6 x e1

,h S * (GibberellineI.GA)

*eRnFffilffiK*fi Aiff F. E Af++XRif ( Biicni

Kurosawa) + te26+HII,, tKffithffi *f!J -ff tr TT€+Hffi
(ascomycete tungus) H!ffi*tr, ffiffi|t*.Kfrl$, f+*tkt=F

+K H f+tru'fH H'l 6EfR. rsf+EK H'l fEf+58 6HX, +k n Bl

't " EA,i\il&rzlfffEffitfrK,trtqffiH')fr (Bakanae, frXffi
/Ffoolish seeding disease) . [t,6Ht)trtrffi4lt4FE, f6hf.B
ffi (Gibberetta fujikuroD, mH^EHkU*#&+rlHHX,
H24 I tutHWt'&.KkI ryr ffirtF h * E R "

rn.H+ x=kilt -H t+ EE tu1 ln&x, -&f+T tE fi,t #€
Rtlfriluce,. cA2. GA3...,.*fr Z " *E*^ltrEEHffi
+, &Er.J oI D)&tHYrJfrEAffiE,f4^AFI " *ERffi.nA fltulth

BEE,f,tjtffif++HWJKH "

lneR&r6ffiFEEHK*T lEl, BlliAfr f&1t, tr D-l ttut
frrtuT,ffryu Htrffi.

iFER gl EWff H ts,+fi .{Eit Mffitflt,rr tu1WK. {,eff f+ 7 ffi

*. R+t+frfii+r4frtq, ++E+H!.f ER.

ln&R&lY\LnEHlH6+gE,

ffi&I , -H)tliH#4.K (vegetative growth) . #ffiffi
*ER, diAKH+E-I+r* Mffitul1+#+tt. fttr. E

t+H"

''fEr+T+ Tffi tr " t+ * IFWJ *1t+ +, ln H*s ff fF ftt H HfE,trI H
+, BF,EAEjEE HtrliH ZT &Zsn9ff , gffirn4'fr$h ffi



e2 x ffir^tHft

ftiHK"
.,fErtffi + +lE. 1+ * KE K5'fKiH Pt ffiryJ, FI t:)E |fi:,nlsF

tfr tfr +Tl[* ffi lLffi 'fft iffi tuwt *frii' IRWft&Ift iE&i

$itfE+, HlEtHffifrfttfi EFeE.fl EIBtrs "

' rcry.Zk'. #EFHE'f,eff ffi(t'nffifii.Rfil (fructose) frffi
HW' H4 fr r+ Dt'f€ H +€'f* H.? HVB.D) lLjt 4 K,'flertffi k!

A FL, r:)k{pfrilll h *l*tt" blln, tfrlh%.fi*&Rr'w.
tr, HWflW*U[^*W.,]"

9a n@,,t *k (Cytokinins)

+lEt e t 3 +, iE,f H 
js ( Haberlandt ) -BhRu[+HvJ -yffi st,

F) N.'rrk|$ fr ryJ + lft#.frffir|4q, f m# x zKwffi *.ffi w-n[

li., frffi,rl&Ht'f+rt, ffiitflVJkl fr &lb# etrrltEftJffi fftj,,f&

f,sBffi +rJ ffi.h fu.tfr'W* (wound hormone) "

t++ x tr *ftffi f it 
^ 

tsrrl, fr?lLttfr ffij|#ill ryJ ffi., tAW.

#Rfl4;, )fi+ryJffiXl\r,H4 (purines) .

1e60+,ft, jZ#tYrJffi.^TXf+7+rlH #,X, $xZ hfrffi
h#R " ffi -ffi frffiryJ /66J hH H X P!fi EE h#R ,--zeatin,

trJ+ffiTit + ff,H , ffirinetinEEfr H ,t\rAFt P! frffit174
+
5io

frffih*R*E#ft T+7 +frxx T +tH MJZ+. EA:S

11 frffi/1+1{k1t{ryJ **8, frl is tRffi . *ffi , TEEFiK Pt R * 5

tWH fr ffihT{*tLWffiW ifztr, lk E *tr*[ H T rf t :gffiE

frMb1{*&&)kzmffiHfrff.*,



tb+hffiF.ff)h4g-586 x e3

. SHKFfEqHf,A, H2lF-JtfrEF,h*tEre2EZ4N,. *ffiEt+

trZNfr , E tr N E E tr itfr+E Etr*R-x.ilffii^ " ffi ffi,/tl*
* HE + E E E f,g E f E rE ffi Ej z* l* kl L'-" fA, tr tt E afr .f E ffi f'E Fn

l-Lfliffi + klr*Affi#-HiL, ltK$Jt:trHtBttEl" Lt rl, frM
,l*Refrlpfi]tRflf &4wR.

. lftfrH#+htr?IEffi ffi *[ lhts&, ffi ,ER*HKflEE R, lfr

6gfr^gH!I*+,RjtlgK.
. iE+ftAiErR, lrr:trlfr zEn 

"

fr B@, h *R 
^E- 

fifr,rh n,".€+fr flE rt'fIlJ + e K . H + Tn rffi ,fr[ 4
M&FW, W* Gxittary buds) 6E@H'lftt[.R, ++&,68Effi+f
m. fr M1+z{* & 6E,f,eEfF rffi ff , +E- HEffiff Ufl !J tRfr 6 E tR

zruFx"

* E ffi (AbscisicAcid)

* tr f++A [4Ef6++ ( Addicott ) q 
^8fu6fr fr, fr + te64+

,\ ffi 7L R q + +€ 4x - f + HE,fF R q fi, # frt itr *, T E D_l flf, # Fu
(Abscissin II) trxff,ft ++rJ ffi.fr h.

+ tr t++Xffi ,r+ ete'3+tutr6frf"+, H ffi +rlB H -++
P,?+ffi+h*l+'f HRB'lifft, tr:krtEzhtfrffiF (dormin) .

ffi *t++/}tfrff ry, rxffi f F +n m.tl k+ 2*"t6"+ii-1\, B
rlL T r sos+l 4 D) Lffi t+ffiRfrttt h H EW. "

H EffinftFfrtlFM'., ffitfr rBA " rsfF ffi R Ffi Yn 1R*1 h @,

fIHKF. fr&*rt8frffiA#-*,W,Wffitr. HtrMffi frI)TAffiM,

m5tr a ffi.illa ff,, [Etfr_tRafrffi,E^K5&tr, #m,t E5
71, XUffiEtrElF&, *R+H+h&ffizKH!'HrnZT, +A fr9*

sH, ry,+. lk+t1F^q.?t?twt* "



e4 x fiffitH^,^

H E m 6E ril r. h H4H2R*1H L2 h *.,,tg,fE,ffl !J # it  ,f 
H H

*5trrft|JfFrffits"
HtrMBffi'}fr +H+MWH!,fA fi " H HtrM,ff ffiT MIT

B! H E, AAffi HrtfE|,hE++4*7+ H! +f, HW,,)*ffi ,'f*}+tH

+n/fr6rk1/Kh " Td, HtrFHTitffi4R+fit, EFt'7E?t 5

WR,'ftzt R *.*+frX. hT W.D HF.tHltE^, EI u)ffiffi +-

KTfE#EX*.W'EHtrK1MIT*

LIfr (Ethylene)

tsF!'l1 ht))ffi EAi*H+tJ' :l+6ffi 46HHTInffi Pt#*$

E, 6E+R+JH,RBEFIHE.

zou2t4uyfr , N + X,I*nLt# tr € .fE F* + * kt ui HE .,f&,f lt

Wtr&XnRf]|J, f,UHHE (calcium carbide, cac) hntKP*-

il12'I^ (acetylene) , lFHELffiffilA.
1960+8, -ifEC,igE (gas chromatography) Pl'fEH, irT

* j L'ffi ftD)nffM#EEfHryr /6 fr H! -f + ffi F "

L,|fr&tilwrHz\+ w€aZ"'H, f m'.H,ry',Ma" Gn hZ

'f,effR*FIH{, B:klFf,\h lEx.{*ffi ,r*. (ripening hormone ) .

L'\frWT fr2lfrzKR'R:8rit{ Zrl, &,Al#AR*ffi €. fiEtr,

THtrnRffiAE,,ffR* HiAAfrH"

L,ffifr2{.utaryF*iE#. -ffrfH.fHi8f + HWWS-, EW

h L,ffioNt^HKRffiMin " AR Esffi ffi L'ffi , fr?tfr.Rfif Zr'El

PtrEFtE)htF UL*#, iffi,,) ft+ h zrrj +H)6 l**.
e ffi 68ffi fi I +Rffr t H!'f F K, ft.F*2Yry,trltfrf,t +f E, +tE.

tA?+xEft"



+HmH*fr],Ag-5H6 x e5

L'ffiE tyttt LPtffi E4Rf " &W.NA.fr.L,ffi tLw, frAlfr_

&it_t+ " t?,^, L'ffifr8,f/tdEA++ li,rE x, u)&,NxfrElLkl

ru fi* lYRlfr.H Lm W, iB H X i&# ffi II fiUethrelffi H + tH+rJ

ff kl il *., 4+ ^H# H f* r1-. H + r| ffi , ff il L,ffi tr fr tH+rJ H**ED_

&"

H,Htr{f+=E{FH

M+N'ffi*H\W +4il;6IF, IE T.JXHE+Etr TFH " OI],ELrrtA

fr 5Htr€ X Htffi , mHtrW!frtrhn:Et-I Rtultr-.*. A+f+T
ffEEJ, MtWKZtr, tri,.,/s&R" EBkllnBFjE/fTffi
#E (ul"r.one layer) , tElbffi"kl%fit, Wffi*LFJtIWffiWtX,

ffi, +E-l+trAffi.hffi, #H€Hm (tryptophan) . rxfF

++ffi6m+ffi, |ZAbEK ne. +.K*4frt++*Ifr
ffi&5941,, tLF_*tKhrt f+T, In:8ff [6,ftiif,ffH,,f,E]+f+

THiEH#fiffiK.



e6 x fir+tH^,^

,Jr +( ,jf h_61 HkLh

tRffi #ffi iF ifr , lIxE+,U W l+*FlU fi Ft r'f , tIAt
RHH L, W.Hk . x,iFB'ff (Zeus) frffi*ry*MW
(Prometheus) Kry.ztf+ffifUAlnl*, ffi$tJiFHTiffi , +Et

Effi€," Hffihi W'M'mfl tr*ffiffi lnl, TE0{€TErFI
ffi-+k L#ftfs (panaora), *:l4Mi+W1A*ryXMWW

H*&VY,XLbff (Epimetheus) . iffi&fnH}I,r.t, 
^t|yt4lhiU ffi X rt,il, )*,t*b lL+h + @+fr *4fr,. ffi , 5 ffi 4E 

^+ 
" E trflB

)Xil14L+h5/}'6lE, E-+iFA[B!f6tr, +tr-BrIB, 6 trJ

U I6K+fi Ht E 7+I I+ . iffi &fnx'Hffi fr , +F tr i.+iAi*,|+ tr T
'ftu{ff lIE " f;Ji#+T * tr + Ht flll *ffii l'Hl, frW4''l&Wlffi f ,t\ tr 

^n+FmH, )X't_b1&W@,+fr8)tr. R{F. &ffr. frlR. iEit" ,.
ilts -htlfi ffi ,   IFJ Pl rt 6 uff iH ifi , ry.m,ft z B! E T.fr nE-Bi

lsH5R*" +5trTE6E*f+6trffiT*, nFHiEA4
(Hope) 

"

F-r;T.-+'Iffii[,8'?-

l ffifr+nffi trTEHdE fr**\'WVJ+ , 'rfl* *lrE H HP

E 6 fi, B.t ffi E . )Z t-b +. W tfi ,t, rfr + atJ ffi Y t+ + x + y frE fr,



T& F.fi'W.+Mx e7

(Leeuwenhoek) + 1673+ Efri)T HMffi,Ztr, t 6-InM "

flMffiWtsB, Ef E}I,7+4H#ktffixrErF, f n+
ft A [E h  ,f 

I 1xt'M. +.frJ *t i+ fi + . E r,] B! f+ + r,ff A rf H *
iA (Theoryof Spontaneous Generation) ifi,fHTffi, ,ft,fllr.

+W Er flrtLW ffi.finykf, Hft HnrrH + H f*rtKfri " rsfi
Etrf++X ESTffi (muis pasteur) rBtr-firtJq&iEryE,
lflffi+ft#!^ t r^*ftM.H+hiv+' Z'HE6E7 Hf &H

EiA, ffi'/l+NffisWWil i1&,Mtl.ttu.lr.lJ.ffi 
"

E L€k'1&ffrtfrdt*A*t)tW'M.++h, +gAt =+, Bp

frH, HHfr)fr€"

tE 6 (Bacteria)

ffiW fr- n- H+rt h Xt*, M.+h ffi#H @*Efr ffit*, + kt IF.tk

w (prokaryore) , tnfrffifin#r*R , ,&R+lH.t +^wrt
i (Kingdom Monera) .

frffift+frMffr.+MJ (uniceltular micro-organism), E*!
*. rF E ft.fr fr@,&, th fra 5 t|t,rJ tuI fr ffi,EU - ffi , HAW# fr fl@ rl
M, Hfrt IXFfrffi fujEz^EqiHtrFPitrqa 

"

Aklfrffi#.frM&.rl E16€ -tr fr*ffi,HFXB!*ffi
(capsule) , *Hffi,14i8, EIffiffififf (antibody) f[Efr]$

8t6ffi. Ht-bfrffiRFffi€ (flage[um) . Sff+AEEtr, H
t*F,fn+fr flE ffifrJ, W+ff MfrfrA&.fi ,FrE,fF, Ktr++ffi ,ft

frffik1frBEEi&flflmEEE, fr€?Kh. ETff (glyco-
gen) . nE'45trAffi.. frffi,eHWLtrt%ffi, ?#ffiffini,fi,
wffit .wrtft4d.+, ffiffiT&,f.+ fftulfrMffi.+ . A -frffir]i



e8 x fr+^tH^'t

frffiffi.EtrE -d.fti6HHtrf{tnEfit ,ffit ,w., trsh[fr.*i
( prasmid ) " xf* illffi.*nffiA * +&W, ts + &Eg H! E

A2trfii+.RtufrffitFBH!+tr " E*nE6ffi Wffifrffi4*E tfr

m 6E E 1l F-fri)klffiF"Mffi t*M." redtr'{€ r fE &E ( genetic

modification ) klE#i, ,rcffiffiE4f..nnflMffiMM.k1Egfi 'f4.

*+frffi (heterotrophic bacteria) /6frZKe&*n/frffiil+9&

'f4 , Zi HEf! H firlLwfri)frH tfL+n , B)k,l"fi 
^t#rftuIH 

+lLYn+

*W+/n. f*m H#rEH (autotrophic bacteria) [!HAU E )LE

4X,+F\4+,lEHtHEEXW.

++rF*fHtM#., frHtrJXrltltH (coccus) . t+H
(bacillus) f[[HtrftH (spirillum) =4.
' r*H' $ffietrI*#, -fitH'fAHl4'lY+r'M.X (micron)

Efr " r',M.*S++hZ-+X, 4++Hn/nZ-
X. $ffiA:s ilfrffirll#-Ltr, tllrl&-ru, Miftffil*
(colony) " A*eAffij*#fiUt, 6lEBtffiW+U++E

ff|tufftTffiE il I4, EIH h ER/[,Hr]# . ffi /tfitxLfrFr{,

ruffiH (tetracoccus) ; H'ftfEE:SEEffifi, ffitf$htH
(streptococcus) ; H,[,tfi#.tr*lbH'Rdi"8, E4*I.[UP!ffi

€{ , ffitHHiSH (staphylococcus) .

. fFH' H'f4ffi KE *+tfr'r4hlf6iffiH' -fWKtr/tT t

Es',M.*, ffi K4rtl0',M&Efr , fr,n0.242:M.*. A WfrT

ffi +H tl&., lt#t*.)rTffi , H trtfiTffiHffi.+, btltnll&.TK

ffiEE-t'f$)fi (bacterial leaf blight, fffffiet-B) trfH+EEH
(Xanthomonas oryzae), ditrA'+ffilXffi€ (monotrichous

polarflagellum) . ffiHHAfEiSFIffifi, l5H2+1hEE"



^&fi&frtrffi+rynx 
ee

i. &HIftH, H,f4€€ffiffi, KELtttooA2o}M*, EA'flE+,
a r.JEEffi ffi "94a ffi € . wfftH * +tril,#E, Truffiffi

IB.
H *1frffitrM#t5td=+Zl tFJ, lntE€ kttffi trffi tr+

ffi?S (spirochaete) , TR$F€" H*1ffi/6W'M,9ffi, FtjE
€fi, ffit$[H (vibrio) , EfrL9/fiffi#iE*+lpr1k\bt+"

frffi /frM',M.4",r1frE)b+-Eltrffi Tift FEi.FErJfl tr + " E
IH*H+, frffi WW.B.% =l.fi"4l " H+frffi*tb#*rgje

, * w2\ =t h++ilifr?.h4.-tL, H ktrE5.ft?E+ E_h++ h

+4. r.JXrEtr, tu Rtr,ft #ljFi6TX, ffi Eq" Hrt/\+ f .fZ 
"

TX " A,ftiaftrfE + FH klr, )ftLW, & 6AH1#ffi HZi ffi iE

A e frffi E*')ar4.B,F * M FtfE+, bWnfr. Z #*rE+Iffi
(Bacillus thuringiensis, ffififetH ) , fr2TfrBLfrktr-ffi,Pl,8
@MfE+ " rxffE+ Htrnt.rf ElXtF, trJE+{+Hi}* +F
'4F.L " - frHHliETHEmf Hiffi , ET I 2o'cEfi#yfr+a

+nh++, H frffi&ffiR+T{ftiffi + ltl RH kfr h .

1,+ * fr +.frffi HE d( i^ ff t Bt fr EF,ffi fr.rR, H l\,iilt +h

(metabolites) Ytl\#t,,fE{-6+6I)6, EErfL. frffi!f,.*
*tF+rJiJ2ilHrBX+)E (bacterial gall) . ffi*ffi (blight) frffi

( soft rot) " zKfE E rl-ffi ffi H!,6 trfr H trJitrr,i+*fr HdflI
E, AfFT+#I*++D)L AAft +d+,mffiH+#ifi

)6ffi, EIAfEtR. +Hfr+ hfultKtL (hydathode) trElfruE
, A+H+;lrElgrE. ffi'ttr&UJffiD)ffir*€,y,I,H H !A, Wtr



100 x fiffitE*t

*tEtzKifr.ltm4lN, Erl4fr+e} (midrib) HTIE'fF, In

ffiInt, MFXffiIXK*,ffif ix-EltrLfu ' &.trN.Fl,TNfrfu,

* frftl -ffi^#, finlffrW " E rlffi ,x rtzKffii-:e.illffitH+4*
,rlTffi *n IB trn fn f *nE Fft 'f ft " i' E'fn + HEtrFtXEA+), t9t+

ffi15, *hlfil|X, LW.FlW.')20%eso% 
"

frl#rffi *\ffiffiHf trI'iH, f*Itr#,t\&#+ Et ffi trl[H,
,E H'*tr EH# R?fi,+ 1FH Egfr\bffi#, HE&t H f* + )BH E

*IH trLVrW t+, h ffr + ffi h + l,+tHyh . /\+ 5 H'fe d vt fr\ H " fr
ffi ftHA. rfi,+$frt&w qRrlEwTlEryrfi " E L€frBdttn\l

YH'ft€+' WiEfrffiH?#WJH+nFkWilffi . fr E-AdtWla**
EUE E (rumen) +' frffi\4+fEt-'l+++ V\?+WRtlfr+fit hfr?

ve&.ftlH +t' x'Jffi +Bi4F6 trI4ffi " trAffi r)kufi'
+LmE (lactic acid bacteria) 4ffi++LE&klftljE, mffimfIH

( acetobacter) trIH +HPffi+S{.t f HX+.

Be$ t+H

@ a---: ffi-P
(--- I \r ffiEF€H'ltTH L.-/

fkft=,\-ur

I
o

@ ,frH$Yr7S"

9nH&$.XH
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,f- H (Fungi)

tr+HHrF (Kingdom Fungi) kl'M.++h, EHfrEfu4..*

frffiklHt,+-VJ (etkaryote) . HH5 frffitl*+nE fr.E#
E. HHKifi ffiMHMW, frEF"M.+H&+N,f4" hTffiEHT
Ffrffi,t\, %,X#tlEffiftfrffil/-/6 (mycelium) 2EFX" ffiu
trftm*1+ *frtrff.klffi u ( hyphae ) fri FXPltn2R " ffi a k\fr
iEEfAFftffi (chitin, lffiE)LT ffi) 5Etfr,*ffi. Htt-bffirL

Hffiffi (septum, Arf61nl[ffi ) h6l9-1+*fr1@, B+frfg€-
+frw.+frfrav,. H effi afi [EH, ruFX*t*ffi 4l+ "

EH&Affi. #tlft+*1iltL,, zraa+*R, Uffi&. ffi&

a*ffiI&X, EHr'J ,f+HOB+, ABfi6Tf fi',fxEm{Bt

Effi)tr, br)tnfrWffi (Tinea) S|EH!6EE[ (Athlete's foot)

58ffi)4 (ringworm) .

Hffixt lE +rJ tl R.W, &,AEFiFE P! tH)tr, hrllnffi E
(Peronospora) fi'A+3l#,t #Ei:, ffi& (Puccinia graminis)

BE'fEB4'*5 Xtb/dXtFth, l\kffiffi (rust) .

1845e1860+|f, , H€1Etr8 (Phytophthora infestans)

t I ts B! q4+*Ph,fyffi (potato late blight) ft*-B * f izH,yl,
&q6+gPE^r&, frFX1zn*-+n LBfn HqEffi m*Ht,ffi

famine) , +W:Hn^H9H+, Hrlt R" FnN'5E5EHis

E41, X.tr)!tr8[[^8ffi' I, fr2KtrEk1t[+wx$U*ffi ]1 6
*fi , *+7 E $tB]4*flthaklqf$# "

resr+, i*ENREeTR+-ffi@ztr, ffi.tl +ffi
Ht'tr)tr , H't3m \&tr)ffi H Hffir?r.. rxftf,I;b #-tu.,rr
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( ergotism) H!'tr,fr E +tt 1ebt H HI4+ U R+t +AH! Jt

W. tE%ffi4+Xifi*]8ff'tr)trE H -ff +€ffi4N (class

Ascomycetes) V\HffiClaveceps purpureaffi flSt. rSffEHP!

rETm[tMW, W*R*tu1tLt*ztrffi*, *-ftR**l+ E
+ DIB+E'iH ut+HAFX'N9-k1ffit . (sclerotia), t\h*fr
(ergot) . *.fr6JA EWnfr,, + xWT A*.Rt1*t+*tfri.,

EErEl- . *.fr fi,fuEll 4iLSD ( hallucinogen lysergic acid

diethylamide) H!*i,.BZ-. . 
"

trE H,6 Et *[ j]ff tHzKfE Pt H X6fi Ji 5 Pfi m ffi 8,fi rf 4 "

gTF H E Hpy ricularia oryzael lfuP,tr Rffi , #: ezl +Xtfr tr^kl

KXII+VJ>> EEA iEfi . ffiffiffikl&.+. -fltEilrtrth+tr
FE, ffifE (japonica) ttXdIfE (indica) F-n*.ffiW" )mgH'!

E *.*E tk|T, H ffi ffi ,+ r) 4' . It, lE rli ffi, E ffi lE fr\Hffi H,4 E
+ " ilEH€rEr'J, -fittEr</il,P2\20N, t"Evtattso,t,,E*[
E,tr PtfE E E, ry:,r.ffilinfiW. 

"

BHPIEH 5 ffi +.frffi-t+, frAjtWfrMrlW (extra-

cellular enzymes ), \4-dJffiryJrEt: tr ffiA tlL/fiffi +1FiftVl /rl ffi h
ffi +w 4'h+, rffi _tj*g illH turR frruryJlNw. "

tr++EfHfl (Class Basidiomycetes) BtH* (mush-

room) , 4n6ffi. HffifrffitrS, ftH++H, &++trJtrkl€

ffi . € klH+HEffiftU)Efr EEHre, R6'i;flHtulfrtr lEffi "

ffi Effi HAiEJt B.WfrffiWffi7Ki.T,# +,JW & FIi=HTLMffiW

ffi. XW. !4i8flffi€iE+6HHNW+, #FEHffitrHEf,HJM

FTB'I.

Hffi &,El H X,X*fril &t+H+ILm. B* ffi WHF. . -rLbE
9-31f:in*.F.E*Effi+E*fr HX. #trtril (penicillin) ffi
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ErIH,HE (Penicillium notatum) fIPHHE (Penicillium

ehrysogenum) ++€If; H *P! "

H HH 5 H+ tH.WJ*1)R.*Ffr h *IffiM- ( mycorrhiza ),

hL. ffiLLT+8,,8tr+KtTR , ffiU*T,fF TRfrBE H, f,I,h
,l+- (ectotrophic ) H)ffi-, lttJ+E&Tfla\fif fr!ffi +R " ffi 4W
AS+tR*[*1E-trfrffi, (cortex cells of roots) , ttfhfr+-
(endotrophic) Hm, infrXtEHIHtEfu,E/tF.tf-.illlrtl1 . frmZ

tFW*lfiHrtffi , j\+iffi+R (arbuscular mycorrhiza) fiE'flgfifif

H ffi EK, W*,IFMXIWF H!ffi *, +ftHfr?;F,t-E#ffi ful&+H#

1\\\

HH!
_H

t
At

I
\
0-l

-s$r\

s
mt
+tr+

H
(

ft

t

?HH!-EE'}
z\-l-*/-Tu

*AA+.'+eH)ttltr

i6

*
EEI

(

@

"[I

^ilfiflHIl

tr1li1 fl]Ill:
tyi*#timznmaz+ W

HtLl^rEA '.:.ti::;:.!il:'
anEaa - HH

'-ffibh MF**f''::.ffi
, ::-:Wl

txt HLL fr+e+R

L aHfi+ErR

\\$N Fil*w+ej;ffi
;)"
ff,ffi\
X,*t
WE,
!\l

&
?H
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fa$ (Viruses)

,trEEEd. ffi ',MH+nZ-, KE-fftF,fi 3063002fiJX ( I

ZFlXnanomet er$T t |LllZ**), .R & HT-,fl f&ffiTWM "

ffi#'lkf. frfr@WP-# E r"$J , Hfi+ ilnn'-F.M.ffitl7'M.

(DNA) EM,ffiM,W. (RNA) MFI, @flT',W,KlE,frffi.,

fl, F*ffiAffitrin ( virus particle ) H! lF H. tL,tr E E d' H't+,tr e
(viroid) , RH4'ilA0t W' mlA€trEEtffr,. Xt34*.

W-61+hfrMPt)E€ , EE Erl'H*mE E*+frfrffi.tr!ffiH+t

e" HEWffinAffi.kILW (ether) f[=f;FlH (chloroform) FJ

lI+)6+Effitrl'ffH.
ffiEftr+gffi,ttE,

. )ffi €TfiEA fr +,frEEZtI.Etr!]1H'H " )trEA HEAffi +fi EA A

. +-w+ftrt[^, -EE+ff+488, 4-f ifrABpZ|J+]L.

.,tr€ffiZffi Atr, Wtufii*jt4Ttf ffi 'ftiillFffi. )E€iq€ H

Krn*. ffiaffi)fnvd*ztr, ffi *WL*KX.
.,x€iqfi i6zrtA?.rt, tr,k'I:i^+k#Wh+rJ4t-t# " +HryJffi&-

ffi {# EE frry MW*t&nt 4+1ffi " {rtl !n iEl. fl,frAEt#H bMffi
/fi (grassy stunt) flffinFffiffiffi (ragged stunt) ftl/m€" d
thffi*+tntfr.Tt't+l*E (influenza) 51F&flfi4 (sARS) EI

,f#@i&4ffiEw,f++tr.

. -ffifiHFr'J)6+fi'ffH " H+)fi€'fE+6+ffi 4EA E, lE

EN 6+fr EEfiT MM. (NTAMffiMWEMffiMW) TE&.A ffiE
*f E A*mff -'ft B!,ffi €Mfi',!\.mrt{- %ffirt11F-.W.ffidt,

tr ilL, F,Arf frXaf,t*ffit WilMffiMW#FItrA +yt'ff H Ht

%VJ, tH2{PffiU,6€}HH.

H ffiE&R 6+4 EEtr' El D-lffi  ff -illflfr'RMWVz



^& 
{ffi'ffi.++hx 105

WZ+, Fitffi+xfi,A%ffiM
W{t+ffr-+hft., KFfr#fi
fffi+,,66ltr++.

ffiffiffiAffiYr#, )E€EI

,l h KfrTlLM, ffrlln'MH*-N

lF€ (tobacco mosaic virus) ;

,J,Wf*ff, ffr)hnfr.ffie*ffi
(tungro virus disease, lFti2i--

ffi/fipenyakit merah) fu1t*Mffi

B (rice tungro spherical virus) ftlFffH'f4 (bacteriophage) " Effi

fEffi )6 €'fP* B! ffi +, XEII+)tr €A hdr%JffiA. M+n

)ffi€flrtrH,f (lft3M.h+rr,ffiE) " trilMJffi#*WRfifrffit

W' fr'dt7tffi€fitJ.F,AEi fi t ffit*W. "

)6 €E+r'l t<\v M lt Htfix/r, T*k ifl,. + H! tr EffE

(foot and mouth disease) SXgH!€iiilH (bird's flil H$t**
ztR*EtrtHltfi^.

a I F i/'tl, ffi * trtr R#., g + 1 ee 8 + E Fii60%31 *H li{*tk.
Ft, +afr *1r RffirfFE k\mffi . ffi [A+niriH uHffi tra,

X4tlf.*7A4-BIrEErtr (cassava brown streak virus disease) H!

E*, @+**\lL*.9.il14ifr tE 

^ffi 
it- fiL*)r " ffiryJffiw+

Xlfr1t, HZ^fl<H +ryJfitl#H'ril,fi Pl^g ffi f+' ffi'ffi:l4M*

ffi ,t . rSf++Rffi jl#ytfl l.polyviridaefi4lnomovirus Rffiffi#,
ffi+,4(gHitR*[544, fr.Fx+ffitnvttr{ , ,fHPtr+nw* F
E,fiEFJ, [16+6EEPiA*fi4+E}A, AHEAffi "

@ ffiH14rf;t6tr.
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EqxEu, t trf.Effix tssr4 rss++aitq H!fEP trE
fEBre, F,illF-#-k1ffitr.+ffiMffi, 6,ffitB*, +HrttrH!
ffiRH.H+*fi=aTHh)rklffi+.*

)ffi+IltsBlE)tr8f El+E, f*R[#6E#InflJffi ,'ffi€fiEFI

h+W\fifr (biological control) +E*ffi-rf , -a..XffiIfmi_'

TE6tr€'7A4 ll,+Vfr YA ( chemical control ) H!'fii H ",8 € ffi
,6 B AEffi 'l4 rE, -f+ )6 #iBHF, ts+*f+ E -H,, r'J# -e,fr ,,\

A )iE " E,Lb)fi € frEffi ts gp,f€sUT-,ft,,fHE|J,B H X Et B ts +
mfrirl, it4l4E5ffi hk| tA-,*.R" E'ttfIfi,tr€ (virutent

baculovirus) Fllnx GVftffi ,r-*, (Plutella xylostella,,/5frft 4'

*ffi ) € SLtr h, frl}ffi,,,)-EE rf ++7If+ffi#il16Ltl" "

AH!)m+x{trZfrffi H.*, ffl
ln - tF Lf,.*ES# 6 H! )ffi Etulip break

virus, HE'fEfiE#6*i7LlB H rn*'ffiffi
EE'Ht7tSr, rffi&iffi El, *Zifftrk.

@ 1EHTZ+,EEtH4.

t+'{ffi.+-+htrffi,,\+

E f jFEE A +Nn k V\'M.+Y\J##, IEZr:,e€.t+'M.H+h

fii), nhT fiL:ffioL H*+ffi, Er'JH{Fi1++Tffi EBfHE,
W^Efrn, rFEl]fit,,\5 H.E, fll\la, ,,\+{468@ fuffiWffiffiil

+ i6. &E, TU'+E,mxf. 
^ffiH 

-xAffi +iffi fifn Btfff. tr
E, PE-BFT*Ptftgg (Hope) !
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ix frl A<fr& fr n_,ra fi /"r ,lt

zK ffi iH P if tl -ffi n]i€ atEffi * tg tr.'ta"*tt Tt, ffi -,
Effir*+r,l(*il*Efi ; ffi _, -rt1tkE++,fnmfF pE " D)+E

Efi j*ffi fl mA, fih'*fi W&ffitu, eAtr&*lHfirjtr, D)xX+

ffi ry,ft++fE E&H *efJtulri* " eTffi H+,fnHfl FE frt+H

m, h75l/lHFffifF, &#zKf,tlz^, r,J)frg. -H,8. Fm,g

fEHBSffi [n frtlF, E6E]dffi B.! qfr . hT m'i6fE,6 Ht&
&fNHlE, WAfrbWffiE, )gftffi IF.fr[TJETZ6E&84 EtX
e"

zkfE- e.trstlFtffi R*, ffi,tr:lm&+wV+ffiEl . *f+,
rfffi. ?Lt,Sfr#frRz-t" #zKfEESUHffild#-., tr|.H. rlffifn
ffi tt+ H ]4tr*['ft B!)tr$I. #E+qffi frHffiEl14,,fr H'

,il.zKTL. lfia. ffi*. EFfR+6ra R, &tfrffii*frMiX*^

ffi , &WhR RWtrfirnFHBt&K, b\lnffit*MlX,ffi4',
r'Jmtrfi4., rfmtrtrrlH. rrftxi+nf , rl-trAH. {fr44Ft
&€,"

zl<ffit*)ffiBH!Efiin-F,

ffifat-a (Blast)

tsH+f* Efr^ HfE rt_l H.t ffiMffiN&H_'I,, Hfl.*fitfr
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E *W, 
^qiE#?EC,, 

+*.h*.A@"

iA R+ rxlt'n (Brown Spot)

E I H fiE ffi 118I,6 frt H H ffi t zKfE Kffi IEE ffi ( H etmintho s -

porium oryzae), RTCochliobolus miyabeanuiLffHffi BIU,H

E'ft (asexualstage) .

EA-4E!,EEI 5.ffiWM, W\ft).4, 55ffitE.f4 " -WbAA

€ " ElJ H T,I,r'},,E BI tr E ryH( ftT PEfflJEIU rT4. tr EI ",[,H,fK Pt

ffiil+, +EI&t, pIKrtto€X" ffifHEfU'fE*, XfrH (BpA

ft ) +srfiffi wv,*lxu66/fr Br. FEts)fr r'I, gffifEaAA

&ziq, 4&xfn*ffi Hr[,sr,F..

fiEffirlBI,6ftHHHf rtEIFffiH!fE E H. e*,frlffi
( aluminium ) n * H B! m'l* a.H, t)) &-ffiffi *1 tKE ts,E rtH

P"E " HmA f[Es5ffi nE6Erfi,fft)ffi ffi +.

61 ftfirt (Cermspra Leaf Spot, arfftNanur Brown Leaf Spot)

14ffi ftfr+ffiEt E,StJffiRfAHffi (cer"otpora oryzae) ffi

1r" )trEI-fltK261oEX, fr,Lttr*;K "

8fi,6'hreH!ffi'ffffi f+_L', SIH&ffit, &i+RlE" f
m', &fi{t$$ffi n#.ffiillffifft,,trBItt&fi m, +*[EiA]E
€,. 1EH)trEr1b%.4l8fr., ffiffiffitr2r+A, 6WfrW*l^, *
5tr E&SArEeRE+H\Ed "

ffi+*Nffi-ffi#-ffiffi (seedling stagd Hffi*'E, *f+
'f+Kffi (stem elongation stage) fr.trffiW.t8ffi.fl#" ryBIt
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HI4, Aj6FnryiiRf$" 6EnE. ffiX[flffiXtsfr2'8-.], +BIEL
I*E, AXErt *W, &*iffiltr]iJnffifrEh . t))H tlLffi.frEtfltl h

(basal fertilizer application), *ffib:ffi&#..

H,B ftrrrt'a (Bacterial Leaf Sheak)

frffi ++*Nffi fi,E tr H tr f ztr ffi fr E fl& ffi ffi ffi fi ,6' Af+
; (Xanthomonas oryzae pv-oryzicola) . r8ffrffiTr[]rr1f*!ffitr

E!ffi ffi E Ifu Bt *gr, ffiryJ ftF€,zj<ifr fi AB{, trtrEFIH?E
Ezjcifr,IJt, +EEE#BI.
, xfti#iEH'J, ffi*I*L.AtEHH€,fr ffifitiliwJ, N+ztr
HM#ff f rfr+*Br-E. fr H{g[rN'Z.E],,f+rtrlFHflrt.

n Wffi klffitEffi fF, H)E"Sr6E+gHffi rl#H, +fEffi
ffi EFT trI,H,E,RiI.*ThrrE, HHffi E gffi H€, "

,H,,lfl.a (LeafSmut)

ffi RXf )fr E Hffi ryR#)H ( Entyloma oryzae),fp*B.tri*[
,fr " iXil+EH tulft€+fr ( sorus) fliF\RNH&rl,Hffi ffim,

ffiHr)ffi, EEIBdffiE M6N *\ft' ffi0.sEl.5Ei(, l(o.s
ss€*, frffiwf..Rfrffiffi.#8, tfr,M6ifu, try+ffiR"

ffi RX+ffi H!)ffi rfi a-tKftl,H LEI $t+ *+, B+rf 4 u
trf8tr6" )trtFPEr'f, +,t,t\.+ffilti6ffiH, &.trWhffit+

frtr, +&ffi..d-..

trr h + # rt (Bacteriat Leaf Btight)

t I Hffi H rlffi ,ffi H!,fr trffi Efi H',t+.*Wffiffitu,., rETzJ<ffi
SEEH ftt zKffi ,Irm Af+ ( Xanthomon as oryzae pv-oryzae ) .
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,tr H,!\fE rf Bi 7KlL. lfr tr 5 tr+E E! fR*['fE  ffi + . ffiill & HK

ffi.-g,HEI fr?P,+tJB+, -ffi)tr',rtr+ffi fHFfi ( heading stage) it
trffix_"

Fffimffi, Hrf ffi &fEX klnl%.:P +fr.€,J'EI,H, +6W
*tJtrtzKi:n=fi48{"

ffifiIl$+ %.EI}A + ftIElE, ffi M+rE LR\I h tr N.EW.4.

tt" fiEr&rl-hL&-ry+rE., Bwwfi\ffi.ail aEKR" h
wffi klffitt', H)fr rlfi affi ffi#ffi " z r H kt,ffi ErrHa'^E€d.

H, mtf )tr *IA e'i.Sn i,E ffi + L, H W, Fii*Lfi 6E BE ffi iffi ' +
iEtrAFnIfi ffi C, H! 4' E * " fE rf AX + +8,8 r.'i' ffi H H! 4' E 4
q#hflf,W41EzKZ#.

EXltriryrxr)E.

+7,qft+Dfiffi"
++s,
Hi4

a-EE +ln+H*i
F*fiffi- 2fr

(EE) : TEfn)fi.
E+fi. rEEft+fi)fr.
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fuol rfit-a (Stackburn Disease)

BI Ertt,6 Pt)fr tr Htr HH€IEEffi ( rrichoconis
ickii), H *1ffiVtffiW+xKs-t)l€htffSfEEH

(Alternariapadwickii) 
"

+f& ftFSLffi ffi )8 tr ffi HE,fe E7Kffi .&+# {n . + *[,ffi BIA t

rxfr&tulffi F.tr *[, filn tr t4. ffiNLttzA IoEXK,
r'I A *[ H rrl lE,L, 4A @4 q.. )E D[ +, 1' H H II, zJ. 

^e 6,Dt H! 6
*,"

+TEE.ffiEIEtr6H{E*XfN, SIEX&AC,, H'4BI

H, EFtX*i*ffi, WVnffi..

bi.tifi (Sheath Blight)

7Kffi.4.tfrffi ftf; +ETH (Basidiomycetes ) 5 I E HlEHlt
E" s€''Efi& (perfect stage) Et/trFffifBhrhonotephorus

citcumeris, mfiEpf& (imperfect stage) [t11,1iT#*n6 (nrngi

imperfecti) SlLLfrHR (Rhizoctonia solanD 
"

4ffrffi*1ffiffift4n#tttKffiHtriffitsH, EffiwV, Hfit
A+,ffi F{ tr tH ft A, -E HB irt €, zK irr* fi , f* tr +f t fi 6 t[ [lJ ffi =
&fi)frB{"

ffiN- fk?rt r0e30EXK, + *F4 H d hbl@,, ilt*h,rB
A, ffiM.HMEt+)6BIZtr " x-:.SniEr'J,,68 HT EtErE
Sllry,H. ry,Fi B'iftfi 5 ryffi -L frt,EB{+E,fu.

e5i.nH-lr s'I,,6 tr H' H'l AAWrLI)(ffi u lM^Wffi 4HrR+

{+Em il, *"RElm " HaffWtrAl #Fn4'ffi*i WMAffiM.,

*D MffiNflfr.l{, EtKffiffi&, frZKfrts-trtr, lAWH4bffi



tt2 ),ri fi1^tHf

ffi.
aHiffi Hi,Ef1'-Aflvfi.? fu1 7K E E, ffigrafriX, +ffi FE

-v+R, FfiHffiEtffi+, ffiffinE)$*

+fr*fitr6, (LeafScald)

st -ffi z;trtffi ft.frWtilEffi ( Rhyncho s p orium oryzae) ffi*.

M5 I HB! +#ffi E, rEH,fEg BFIKPIET,H]frffi , IBRM*TX
Hi,H^E{tU*[,fn H ]r[, -?K tr M*,hhEYt. ZYtffiffi NHtr{ E
Et Ji #.& H rI, W tA tr {fth@f H lEl H't lE, L, +t 

= 
Z[ fi BI ]+ .

19 5 { ** l?fa (Ragged Stunt)

rsf+)fr €4CBE!fE)E' H?EAfl f€*. -*.lHr&€,mffim#

€, f trl+,fr€,f€ ffiHBtzKfE. *)ffi E'lfEEt, tsEt,H5ry4H

PlEtEfti+,E+, JttrE+*jE+1fr (collar) k!*['in.

#.+K+xffi , t+%tlAFn6*rflufr{, EIH}I,ffi 4{5H
4L. #HKtrffi, A\+raffi. +f ffi. Wvtfr\fr*"

?Kfiii+ tri qra (whiteTip)

zKfE T1i2*.H,)E H fE +^4 H ( Aph el encho ide s b es s ev i)

lawh+Ffi$. -ffi-ffi HnZi*ILtr{, +tfltr tiffitrlfEffi ,

nI h *ffi 2\ strX Pt *8.{n4 ffiWffifr lL, fiE tr +ffr6ffiln2*,tk

{ , trE*[,fiE\+^A" *ffitrilffiM2Jr, ffizJr)fif4f., ttrtli?,
xiE,fft, x*nww"

PA T )m tr'fAtr FXW tilW].rl.' uKfE HEt+)fr 8 ( physiolo-

gical disorders ) 4{X. HEA f8 lE +Ky;H 
^ 

H, m-A H +ffi tT H
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n 5[+W'l+ffiS (infectious diseases) )8i6, D)Wft.fit,Rirnl

rEiEffiihr'ttL" E[1, ili.x-&f+HrE,ytffiEP\MFt5E{, {rl

laH *n* 9<iE. t1*m0ilH6i6H. X.E,|*R* ( €,+fr +iF
+xft ) . rrffiiE+ Dl kffi,fly,Htlz^E 5 ttuffi erE frHrn4,
+ E- X 4t f E D H,t # iB u i* f r H rE ffi H&, \4 Hlfr, U ffi B.E ffi 4! ]s
fn H nE zltffE *f H.ft tr Ffi + 6W frttlffi 7 E, lLtfrffi tEp! ]* H
HfEHF. f,APK!Z^EJEJT.

+F+

,tfrfuB
,frhafrH
qfrfi1ffi

EETN
ryFN+N

*E,t
tffil
RNA,,

30sw+{n

50sv+{n

fgl{

DNATL

t6t t

flEEE/h -1

EEEE }'EEEE
EA*ffi )

@ ,nF,rfrffirHt6tHilK"
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fiiifafa64J ei<+W ib

zKiEAfFT ffi*fll+fi"# * Bt - H +, # jHp,fr H,f4
(pathogens ) tr!{E*m5 I E&ffi FHf+, ffi.dB*trhHH'$fE

frrn++)i5 6fr,Im ffi 8A.4, PET p+ 
"

H\WIf,*tKffituIffi IF.++h+, D-IEHEt*E, Hf&,f€*
'Hffi B [U H fr H.,ffi €fl 4 E+ffi IF.HmlEFn . rxLt')E tr,f4] F

AER.Ffi HAfr R, tr ikfr ,ft fE &rf )fi E Ht i,\ i.F, tzsT & rt B. g ftt
T mKx, a*ffi E ftti.E *.&,+4 * n" fi  HH{H 7.}(rn4
1frilt1&t+lylE+tJkll\.F\, +LWf,B 

,,8,, , rfiFff ,,W,, , fi,tfi
Fixti ffH ffi " E AtrE B.t+,ft Effi ifltatl<*ffi xftrliH tr
F-5,fr Ez. lht kl# t)J *R, f m, fb,ftlrf e# tr Hffi ? I kW +.

rE,tt)ffi g5{++,|*)ffi Bzl{ w* *, *ttlhff*#*2ilu*a 
"

TEH)fifi'!ft+id,#

t*'RffiftffitFEt.ffi+A tffiiefiH!,trB. + E rySnX

+, Xlfr8ft.1637+#tu1 <g<t)T+h> E*l'mR.,' *fh, R
$tl "fr.'k" rtE "Rft" ffifF)wErI*W, i hrxffftBEtr
h, '.FL+fEf+, frk+)1wffi,, E+[8B'I, xtlfl,x?afr; A6



ffiHfiq!frapr,h x 11s

fiH'fitHffi, IlJ/SEft{, t]^HtS, tk-7.&," " ffim.H
z, x&E it ha.?:lE TEEA, *T e.*ffi.*rtt+*x-8ft,N ryJ E
f6tr8ffi, ErlffiffiT6fn6ffi#!ft2l*ffiilH*, #R+
B++fff+rf , 5x H+xEfB6H[rp!fl F.+HE_ffHtr, MFt+
AHfnfEfHEHffi frtffi fl!)tr ( ffi Hffi H!{eilf ) .

XEtr#. "ffiX." E&ESIJ, 'f.LffiEifu* (B[ffifiS) Z
tr, H&.fr'kW'H" , &EXin "/.tffitrhEZ, iEpR4." 

"
( + EfE,ff_E > WtE#\ifrIbffiArlffrtFqtffiid*E-f , i h H

,*EihW f fffE€XE + ffJW, 4fi.1t +p.lLfrru ffiWl AF.
4#, WIil"-Qlhr.JEet+ Effi" E,,\tr fr,t*ffiWffiftf5ffiffif$
*BtffiqU^, yZ^n1+.Hlr,ffi, i6rR*H)< (WJO ilk
T,kHH*ffiH.

ffiHa+trz4., BTl8U2t ilI4,xEl*iffii, t))&+ts
fr ,e H rfi+Htf|J Bt&{rtffi + " Etr{+fEH ffi )tuH,f+#E t
FH, #T t 89 I +I+H-ft 4 h *1EE R fu! pyricutaria oryz ae,

EH/rfU +E+n (Cavara) " l8e6+, El+Fl+ xA+
( shirai ) rf ffi H,fr B!,ffi tRffi lF frilfl1#Bnffi j6.

ffiMffi f tLhffi TAI*6+EfEX x E " H,E tr Hxf .&ff
&#qi H kt i6E,tt +/\,Hiu . a € ffi ,R H 5 fE rf iE tr {E fft Bt rr
HE, ffi H)ffi IRffi lhff,fr|#rf HH*aTfet ZiflJ f!,lF7X,zT,

*frffilttr, B.R4}..E Whffi Tm.ffi mHEffi ft . rxf++eBifE
frffi &F tlflffi h shar adisease "
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k+tr"lafr&+tr

+ tr &iLf++ ffi H'tIffi +Effi ' fEH,tr P! ts Htfr.l1ffiDA

tr, -fltEilrtrE++F, ffifEETXIIfE " tfi.Tts{#l-ffiffiP
to42o%, EH!+o6sox, E*fiE)ffiEE6ffi*nfi&" Ei ffi
f hffiffitulEfr+ffif+ UX' fEH,6 H!*ts tfr,TiLhl1M"

ffix'tfril, EB trifE E,H.mfXHA86n s+ 
^lrfr. 

Bp'fE4$r

izffi,ffi RZ\, E 4T t ss : e t q0o4 lsl'frlf ffi r'JfEHfi nil, +vt
€+trfE)H)trEFt ktrfi 

^, 
++Atr,H' t& Fxtu1z.ss' "

fr *+ff9XHPtr EpE' trtffiH,trFEff1fp-#, Ttsoo'

Ersor4lnltE *.A* 26nofnd, +-HA&ftEBItstJ1ffi "

fiHutrffi , #f*RTts0o44t& HEf]tltriffiffiR#, *
+a\ m *ffiHffi tr41 Effi fBgje^#*, ++iEE'fft , rfiPffi
itsox"

Eq*tru, ffiffiffi-'i tsu+ffi -tLililA+&{tlffiE "

\+i+* ++^Wr F,ru*ftWn*ffi . l-c,eoF'ft + Ffi , h 7 W&1t

T:x\*ffiffit{ (double cropping of rice) mj*E S*fi*f fff+q
fr*f (uatrsuri) fiqffiffi (vtalinla) , H+rfffiH,trftAffi
Zm'l+, Erlttrry+fE HtzK E + +)trtsIFH'H " & Rfii*+Afttj

)tr B€lE, Alf Xffi fi rE1t&dE H!*f ffi ff nahagiary'ft "

tgffiffifr?lz]#'ffi ffi Pt&t#,{n " aatu E !t, ffi IRWazllF.

ffifEH (rice seedling blast) ; thffiilHt#+*.m2tr, &b+H

+EKFJlWkltE^' Atrl**m' HII,trfH (foliar blast) . rl-tt
H (sheath pulvinus blast, &/ffi*['fits,ffirl'4auricle. trlfiligule

flH'rli) 5fE*frH (rice node blast) ; ffitFTlLZffi, fi'El
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9EklfEf+AH&fiS?nH (panicle node blastdneck node blast)

ffEA*nH (spikelet blast) . EHj[,ffiErl-HfifH]nH"

*fa
ffiN4)lrn+fE rl- B-'i, -fltg AE, :z.Ailffi €,zKEtt4.'

fr F., * EWM. &ffiiRErEH m!,Hin,T, )trBI+fr 1tgE ftt

ffittr++Etfli8+fE, A#hH, -flt_Effi Wru, fr-yfrR,*

IET (conidiospore, y'Ifrficonidia) . )frffi^trJH?,E6rrilfiilV,
tb*:t$AfrffiLLtr " ffiyltutrtuWt15frE, H trrf,H tr tE#Ln
ffi ffi f+ rf H,fr k'1 n ffi 'Wffi X h * # . )6 Er &, HE U ?6 € 4.,H H rI,

++m fnl, -&4+rt, gt{.rx*H-[,T6Efri/x ff tF tl*n+
l'. fr {ttE fttfEf+, ffi S{,R, fi tl*t4'. ffi E fftrt HlrE BUESU

&*. aHfi;rnrtt, ffiNle.fr,t45E ffi ilEf+rFmtufftrt, FI

#Mfi,'nffiM, -fltKla1.sfEx, fiO.strx" trffi,frsrtr,h
SrE*[r]AFifr.A&, )b% E*ffi&q]ER€, rEHrt E +€
*[ j] H rqffi x @,EW " ffi*Iklv FXE ffi'ffiffi IRffi FnF e ffi E F
piricularinfr'X. rxfF E F 6E pE EfE^ HIFiK " g rl-,H kl 4E2RW

*TA'8, ftT .LaWffiNAffiAA-fu , MII*4*BI, EE+

*ffi6wrEr-.

itrfifa
HffiilJW, i4}6 €,2]<iEfi ']"H A H II. T IH }fr . fH+Hf[ & IE

I",EEIffitrAFiAR4iERE, +r{ EE+rA, fr *B2H2R

$l0Lfi ZtrT E!, *mBH Ehz*@&E" )fr pfr trIt3e4fg
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* " -vlawtulffif,sEl HE+*[T#* " )fr trHHi,'tpl -vf.\fiRE.,

AIAfE +ff trFt B'l E 1,H, .F, E{,Htfi U tr, Efr&tfrffifri 1F A tu,

+ H5+ nWE " E -f 6 n 5 *F,Ex.fllJ Hi++?trE' $"q-H,4i 

t{3+2tr, "H"ffi TfIlL, 
=^AH}tr5.H,E, 

ffitrfE;Hts#ffi

ffi T.S1A gll, e,di Ef,ST H H - +-n ]:H B!'8 H't ^E BI .

f,H1fr ZT ffi 4,f&,+if tE *q sJRi *. #fE* E!'F t.RH

-EEB, +fIH!fi*[+€ ffi 
''ftft#,ffi 

EFE, ffi*I#fr -x\tr;

Ftrl-.fi€tE, +tfiffif5, +f+a+t#+titsf , N Hfi *E|]EEHI+

+Ftsf *[r]\r€+* . r#+tn*-Gffi EF]fr H. yAffiffi , Ep *H.'fft *
H. ffilnffidWtlfrr7+"

zKfEtr$t] fE;HFEie+, * lfrtflffik*|L. E At++X,]. p,F

(Kozaka) 5+ X (reraoka) HtnLffilft.lrfrtrBfEffi{ffi "

ffiffiffi IRt+D)ffi f+fir* s Ifl , Blt ti +(E+tsffi 2L l+ "

,s*-fu+
/)l+IE+ Ei+\tM, H Bttr*KjE+i5tjtRffi{t' lnm^, I

B[fttr, l*tr.-W.hte-23 x 7 x e'M*" AEX?W1EAHfr+
/)lW,,tp.,>A-+fr=+i2^lffi , E^9*@, fr)i@)6n[ "

@ ?21+

ffiL/frfrffiarT#ffii6li" ffiLLffiA# -, frfr.A. +LH

6/xH.. YSLI, EfWTNl*@* 4EEA*ffi.RH-+frffit ,,

t fr*tu/6^.F-El-f"
E e-.. ffi fExti.EE4+++e3%dEH H!'Wtfr.zT, b Hru

T ifi Aft ry *[ ffiN LM F\ " fE xti.Etr p+6e0% U T B-f , rv+fir,

EtEgRtril, #fHrti.Etr{ft Tso%, /n+j@,+ )L+1il*MFli " -
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&fE T a5 iRlt T r o6: s c Zlq #r.q M fi", D)2s428' c t ft i6
ft.

/nkra+M ( conidiophore ) A.nt-*[/ffi BI H!-=r.7L,fF H, -
6E tiILHFtH, rfr *[F&f€+I6x+, eF:.iff i.E Et trl ?L
+6-++. h+ru+M.&,68+i6)6BI*tr+ZH,fFH " ru+/6
MIFH fr 4,, RE elMffiTrILfli "

TETFiF*trE )+il +(@+ffi , WI,W,h, WE+ftE/r'Z
E, R*ffi1+-'.,fi ,HzKA, #Etdgtv,u)t ElfHrti.Etr, u)N-

loE3sc (ftrEHHt-1ffift2s"ca28c) , ilr*ffiffi*. +H
ill Ifr -ffi H M ti\W trt $.ffifi W fli B'l pft tr +$, Fff tr +$ 6E P +,fC   H
u, +fr xt***12!2\%.r*Hre.

(E+ ? #&ld| Yt Ft E ffi * " * + tI X E4 lnl -=r" iffi ?i'f ft , ffi zK

i$tRthtrrF, ffi *&t, r . &EBE Hlt-=1iEE&iEt€fl ,l

#, ft ifl lBH lr Tzz€zt "cZ lsl, tr ILH,tr ffi ,fe*-fit tt+tr
E6

fl }tfr lE ltrt Fii. ffi kN- xlft#Y'H ffi! friltE H "

A Ef*rF+ , ffiU)HHfr\WEyfrW+EE, lE+EIFifr+
+D) L " &zjritr]/r,NT, ffiffia=6.v\+ tr trrzt_ "

TEfm)fifr4F,,4*

ffiffiffiB.I*Affi ih, 9EiE Xj&H r[,6 FAn H ffi +F EfFt
.+, lE r'f Df, f+ +,fr X E 5 zK f U H rE t ffr , /S.7: trfi ,)- ffi IRffi W KtrD

HE trlt LA, *trW#A%,,ftffi miIljfrfi+R, +-E-&Ef,eHH

NX^ffiZifiiJlyq+FffilE, B4,,ffi FH {A5 EiE. ErytulFfi kn
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i*lnT'

&fit lnia
tr tr t++X lX fitHfE HHffi R& (zKfErE{+fE ff f+Et R )

-fl ++H H ' zKfEfiilfE)H,rffi *lts.B}-rffiiLEfi)trH'f+ Pt#rt.
H li,,y" rfrfiH iH A E d 4,e X fE H ffi ,8 4. 4. f+ ( pathogenic

races, y'5tfi 4 IE 4. fF ) fn 4FEfil/m fXfjl. S /i, Em 98fi 1t +
BE (principal resistance genes) H'lfN-H, XHmEAfiBfi'I4
firHFffiff "

ffiffi ffiNLfri)&ffi *ffi , H F -ff Etir.6 HE E Htittr't+,

BF T)fr tr H'fE 
^ffi 

lE tuI HrRtr, *l*W*F{nA[ jtr ftt fr EE 
jer8tfi

m, 4fr. 

^l*.klffi,m 
ffi tr'f4,iE ffi lE illrlt:fr MFn @'ffifri frr,\# 11

H #, H4\1+Ttrtr$UEfillfii*Hru "' 
ffilEr'J-ff 4trf+iH)trE't)EE4'f+EA Htr+=l1.trn'W, ffi

rf H tU )E 4 4. f f *F tr ffi 2 trrtifi t fr i tk D tr $l l* +' Effi UL^tB

t+Hfi'f+ (vertical resistance) " *Hfift f; +BtrFf{Et.
zlcYtt'E (horizontal resistance ){6'lAtEE, f'JA*[ffi H

Hi,m rE 4. f+ #[EII, H IE S zKY H't ffi ffifrV.h, f m 1BH.E HE]tfi

+Efi'Em E " zKYfi'ftEH rfEtr*{Ef, "

X T r'J&,fr ]84'f+rBjt^4 ( mutation ) fr W lt *lfi
4+ * N.'l+, H ffi + Xffi trtf 6E{4 * tflrYt -E tr 4 6 + -
+ffi f+ 

^' 
Urt${fi*'t4ftt E lgltfult (broad spectrum field

resistance) "

+XEwE+afltrEH,frft Ftthtr'tBaz- " &iLgFF,f ffi

#illwP.af! fE fr+ Z +, h 7 1 e 80+4t?X ffi FF B I lr' H'l run t € .

MR7 I €5MR73€ B EHffilR.*Zrl, H,f&,ffi ff lnuR84€.
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MR l 67 € 5 MR l 8s + fi[ EA ffi dE B! fir.,lt "

tees5 teee+lEt, q :#. ffiffi 5wffifrij'l ptfE& H 6iE
6 I 

jt6ffi ffi f+ztr, H +6fEr'JtEHEtrt,t+5E, H RilrnffiH

tt&HrfEtr+"

2004+M, fr.lLfl W\WilZ" 
^H! 

ffi ffi ff rranz r s € fr
unzzo€ E*H tH Z tr H II,fH rfi H . E lh] r[, H.E z\ U -L ffi f ffi f+

+HrffErrHtrE fr ,l!1, *fri trNA*F nqffi'fr H,fEB. H + ftt

F tr trIHEEtf Bl)ffi IE4.f$ tr 

^Am 
5 I tsfEH H!*ts.

tE'f€Iffi iefi , )+r** +Xffi fFf+tH+- ff fF, Atrrttir.
'lS iH 

^ 
. H tr E D-l tf fr fitq.* 31ffi faffi4 4. f f + 6 {E W 1Afr8 rc F"

*+, f* E0= 6E'fE *1%ffi rc F,ffi kt *f /fr 4 4' ff *F HErtrilH rH " E E

- ffi ,fE ffi ilf *t 1* E fF 4. FJ tt aitT E H, - E Jt H fF *i fr,E, B ll

BA'=+A?.\ ffi zKtEtr$U'fE W, til*.Tffi " h T rffil*zoos4 H!

ffilE.Effiffilf,.# , tri&dt D)&ffirc truin&ffi E€ Zi IE tir.,i+ Bt

ffiff, ,ffUinuR84. MRl03. MR106. MR18s+, Uffirfurn{i

Ht,6Is4.f+tg.

6t9ffi,frv.t" ,$"firt,

?rfrKHfr E lgl *&ff *' AEE]$ ? * lfi H.ffi E, mE-

ffiffiE.Ha"Pt't#7n, fi rLtr, W 5 ffi klffi,ffi TitL*Nrnff , rLl

EF.flgfi. * b1 4 H. W plq " # ffi l<ffi HE X -F. n E ( quick acting

nitrogenous fertiliser) , lftllnb,T,WiF (ammonium sulphate) ,

#.E.-/t;irE+ + ffi ffi , :W [frffitr.H-n Wm, Bp,fEE-1,fR+Zi

ffi EUAfU + ffiffi R.+, U D. Fat+ *T++fr\ D ffiWfEH pt,Hin
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T,'flf AEFt)ffi EFE* 4X"Y1 tr X " D)*tRtltuEEE irt4t
m'ftZ, r+rfi'fft fi,nE H! IIHMM "

&WW*18 E, ffiffi HErfi'fft TEHkt ft E " Wfr?{Ert+Ra

tsH, reHfl . tEfrffi Et r& W., # ElffilFlgrEfr )tr fE fi rE Pl 6E

h"
E * + F.fr t16fi fr E z\, fi /E H! fi HA ril,fft tfi lF 9.fl1H

)frktffi*, f m, #tEffiHfr,fls. ffiFHtffiEEtATE
t*RW ffi lF. ffi E T E H lB)t t{"+h E &fr,2lkl * ffi. tLiE H
(lignification), 4frfrffi6nF:ffilRffiR#-" YffiREtHWt+

fr )EW tr, lE+hrYrRfrr - gg6ffifr.W lft ,|Ttrff ,). -aEffi fn

W*T ,6,TF, H, )XE +h ffi .AV. h IR,E IF WBT )fr tr H +€ H HE E fl H
+, EFt,E'lFfuEtJ.

zl<fEffiHffiXs, FE,fE+. tfrfR4EEffi ffi.|L, *.rf.frEilkl' E*ffi.|LR*, MfrWfiffiftr,EEtktE#-., triffituIlfrEen#
,M.

f U H ffi H,ff nE++, #ffi  t 6 pJ, jH 
trn m +. + Affl,iEiH fi,ff

i*, +ilfE Ht Ht,ffi trHA P +fE+ kltrtL+, E I tu{E Bfr + tt
HffiH)tr PtFl&" EtrE@ h,H*ffiffiH{&1EnE, E)bffi,fi fE

HT H!)fr Hffi %6O"CHffiHB+AU 6EA*['EI. U) ANffiT+

*iH€, 14ffi IRWN., *ffi 4'T-+#fi HIzKfEESUH,E Htffi

flh"

64iE iBf HEE tuHlggffi tF Wtinffi HZh " ffi *.'/.' rfrW.tuKffi

ffi iE UerttrffizK, H trE#tr/rFE HE,fE Bl 7Krtrl42c fr lEH
vRtr, #+&W\4 frX&frPtfl E#tEffiffi , tE,SffizKiBtR"

TBHEfEA+, E&iEzKffiklriffiW (dew period) Effi, m
&-tffi kt +E 4 ffiffieK " WMW H ffiffift {EA ktV FtiE ffi *
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T f U " f+ + fi F iE 9E iE zl< fE A + K Bf Hn U it zjr ( s 6 a fE *Efr )

ft W, trSf i.EiEit{iEStlFtF*.

fi n{ En)'e

E Atr4 Y Xeokuraf D ru4 tiW,W. B * iN. ( Bordeaux

mixture ) fr?H -,*.+Effi!J 
ilE H ffi Ht € iE " yfr. R 4 i&. ftH ffi m ffi

( copper sulphate ) tE HE l(glfrllm'Fn, Wffi tr D)'Mllnfi pff HT

f< " *-ix * lLrf # 4S Hf H! zK ffi n P Hri E ( phytotoxicity ),
ffiH$,d'rfr1FH'iEE " rlhrl., r8f+Yfl AilUEU,HtlI, H, gd*T tr

= rl-'p$ ( tricyclazole ) E-fF 
^ 

rX,HrE B.! 

^HfiU 
( systemic

tungicide), 68fl:E,iEzKtEBttR. *fl rl-*[ry&, +ffixXSlJtH

UJff J6-+-nfi 6i.=q-'p$HE€-,*t&{FfrWil+ffi E,l-Er,J&,HEFEr|

enfr*tu118+*trMt\ritB#, tfrffiLL)i1*,fp^" k 
^, 

&vt
ffi H - r1i p$ fi'A1il,,>t9ffiffiHfET fi F H.

H +=qip$r[WEUi d&, Wh- 4'st triEN, 6ffi]1.rfi

T*W**i-,*."
Isoprothiotane E ffi i6 fE ;H)6 ftt H it 

^ 
H fiU, tr tE 6J EhtE

H, H?l1xxfr4+= +, &a z, TETRE& &E! l?friJ1lffi)Xr]Ijrl,Hfn

ffi *H#r), m ry,H E^& H.!-?fr\e,H\+fr +Tffifr Z tr tK H X kt

ffiry, 6ijE+ffipfr'ffiv1fii9."

Isoprothiolaneffif N zK )S.ffi U, ffi it Ffi K, HE E t # r) iuLi tW.

H, rf   4 f E {+ E' 

^ 
tE rt q A, fE E-'J E fifr H ZE lp.,} * xt lE trtu\

fr.lh# " H +r'Je + Dj. D-tK+-HfnH - ft.**u(4, W tl.,y,,rfr:@ft,



124 x fir^tEn

E#fuiKH Hffi Z6 " tsoprothiolane pIT EtH EtJ H H r.J WX, X
T zl<fE 8tJ ffi f,S r.J E rfr - TtZt .

fiH H.4CarUendazimE-f+fi# (broad spectrum) 5 E
r&lE tE B! fr ffi friJ, FI %.+H fr tR*[ ryr. & tr, &ffiffi6 E rAffi

+, trrkHE#R+#ut5ilHffifr , ts.l+Ffiffi5:#.tr IEH "

carbendazimH!ri,fiE6EFE Ll fATffi*, ffi.fuXifr,l U

Ul.. Tt*st) ffi* Pt fE ffi 6, r8f + 4 iU X HAVH n-ffi u +f R' D) N.

PHE+ruA ffi ruFI " E r( H tIL ffi l + E E fij trtl *-f,t ffi t m H! AFt

tr++)iffiffifrEuB,1Hu^*"
Carbendazim xt 1+ * + Hffi f n # f n H fi[ €' rit, tr tL HE Pi h

*ffi tE+h j:klffi# " rP"rf, ffr2+tFfhl+lLntffiZ\, tr trsff

W. YffiEfriEf+*A4. A)EBl*HIrltf4EtJH}I,trmH, trt

+Affi|JffiH€rE. t ffi ffi rnH, trJ+ffi f,HEtJft Ftr.Jffi 4.
ffiffi T,l'' H f* + PIEM,'4r'tl* h W 

^ffi 
+ frt ffi *H

,l' H!'H S, H it Bt 

^ 
H firjAzoxystrobin Pl E II, fr/t ft - +'41.rl

ffi lrtJ + " 1 e70+.ft, - # +.Prt + xrr. ffi H + # t f5 

^ 
t El {^rr

AH friffi H +, t€'Xfr il &f+x*fr Hfr " ra*-btrA*Ai4'fEH
( antagonism) ffi xf fiH R, H?fri'ElffiH5H,ftffi # frEix#

+ r.J A +fi4 . ra ii,ffi # P! lx,+ h tfr , t+ + xarfrfrf+ HE 1+ ft !

tHVJffi tRHffi il17..;ff.4+,+VJoudemansin A5strobilurin A. fRffi

)ZwtrhffifrfrR.ilW#ffiXlD)WJ Gnatosues), *+X.renXRH
H fi H H Y6'll, 0t H.*1 rc VJ *, +'t4,'f ft rfr +L a W -q-'y+, m E- T

l&, lfrffiffir?t.



ffiH)Ek!frAFira x 12s

Azoxystrobin HE'R i8 tri ffiJ fE * trt ril,. ffi B-, D) &H LL W H.

IE " H +xffi'ff H t Lfi{5H {t'XHfitJT lE, tr rtlSH,f& frfirlin
benzimidazolesftlphenylamide$ 6 * H fl \Effi.rE,E " Ff iH t
Efrlh'y+, E,6 Hrf H-t+^HiUF e ffi:fr ,l+Ztr, rt//.*&
frHtrEt{,feffi XMtyfr e,tr frffi,%,y+il^. h T Wtsr'.ffifrt
sjffiH,ffi H! m Nffalr-rr->&., D-lAzoxystrobin5H,ft XHiUttrffi
H, fr2re28il86fi EEfEHffi l*ffiffifr ,[+ HIF T, trn 1EZ6fiU Et

HihitR.
Azoxystrobinf -ihffi ffi tr, &#!ffi,?itKa_6 =tr ffi

Efr , tr,Lt +ffi{HBfmZ6, trIffi ,f*ffiilSTtrH,trffi*.

ffi lE + x * +*17fr,* Enfi Ji E ?s, tEfx f+ tH+ * ffi

ff BtzKffi, {+EIE#Bt)trH,1.ff BtSII,5 jeiBBffi, +-E E
fi rsf fE.ff ffi f+ B! fr H'ls T p+. t r H EE ffi i+ * 

^fi 
,ffi ,l+ Ht

lEffi, ,fiE+x*HxT=ff&r,Jffiffi, Btl, -. Etr+o++
(gene rotation) ; -. EE#?J#fXe (gene pyramiding) ,

W*+fr,ffi8tr#A++-ffiff ' =. ffiffYEA (cultivar

mixtures) " 1980+,ftilff, q*trU*lnfif"Er:o. AE-H
iF E EtrFfH * +TEIftiffi f+, HH* EE%Klffiffi*-H fi H ffi

f+, Bll,gDf,+aflfEH"

ffiffi-5+I{Ei"lf+

fRffi XIBIMA, tr FnzKtE6[firf (rRRr) E + trf++
X T t s st 4zooo 4 lnt, E a rfi E ttTt T fiil H #W ?t+,8 U t SI

rIffi ,*)tr B € wk1nfi n. lltffiH fr lEtX. il,#*ffiffiklffi fE, tgl



126 x frl^,liE*t

ff + ru exffitrtilH++f4 B! +'nt1+ ' +H,fr fr\k+l$tlw
s+"/". fi.*, fr?frtffitfrfr\^<E E, fEHE! FEd.}^',r 1+ +tfi14'

*9.2sF4o%B! +fi 

^, 
ft ffi , Efffi fE 5 +tfE iHA lnl ff B'l zK E

E, tffifEFEEAtfiffinnt .72nfi,, noaHnUE'!EH ' Effi,,!,\'+'.1,

+ ffih =*tr., wT$+-)^ffi E. flJH + tr 7t+'l+*{Ffrl'81

ffifrlk.+-, 6'fE +E-HFE' Wtrxffili frDT tH, ffihaRR B! tli{

 , l-EBt&Rk!'feH&,Bi Dffi|x,+friUmt ?+&#. 6zooo

+, *4trrtfrtfifE + tfE YEAff tH H! & R' € A m k! q!fi T/>J rt;r

iSrr.osud ({+ffifE2.land, 7uatrg8.e4rq) ' ffifffifE. *l
tfrh fril*htH fi! zK

EEl, €a\tfiNr[
14s.sttfr (+Jirfffi

t1olzt+' +tfg
e.lsffi) "

E€*&itr
BE, MHEB*
t+,t4x{EEri*
irffifr\h, +EH

tfr'&tull\.^, u)

It-ltffi)ft4+'frW
ffifrfrr.p_? "

@ fiIxr'iilrl+fEEtEi, E1@,iitu @,tK),
.li,j'Ix,fi .,tr.88 )Effi +,i.r4ZBEA ABi,
A, fu'*ELI?Edi?BR€. TKI ftHfi TI1

ffiIxr.
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ij.ix 
^^ 

h ,t'+tfr*h

+ tr qESn^il *lt++x+ff{b, WltuLW.R*+Ht+A
vJ*ffiH. A. *. Rfl^+rff , 

'ffi^ 
(^H4l H )

tgBFtr#+. iE'ftf++XW.ffiM#+ (morphology) . ffi
ill+ (anatomy) - tH.Wk+ (plant chemistry) frlffi,W+.

SY (ptuot ecology) *BffitH,ryJWH*hXR^W, WH
'(grasses) ,f  

^+t+ 
(Poaceae-Grass Family) , fnr-4,ftH

fiEWJ (herbs ), ItJ]Rffi rt't-bffiVJH.! E f^jtE ffi't[.tk i--lill

iF{ttffi*ffi.*.6, fr\tlh6lEHnil (family) . yDHf+

Cyperaceae-Sedge Family ) dtE-+ EE.'fl klb\+ .

H+afr *Ef/,ttffi,EBtil+7t*w " 
^ 

lrtaan|ktu, l .+H
IUHdlr6dA, #[68+#H+H!Ei]d. ffi+rJ+X^i , r.H

HHlnZ, **tHW fte$fi4Bt-H, Dt%.*ffi Et&tE,
WJHF=ft&agHt-f+"

H+EaEry &fr,, H IR^ 5Ar* Eh 
j& = b z- klffifrR "

E;lr B # ;t rxt lMPl i+R+,M+h r*H,
. ,J.+% , rbfi)r+e,,t , 4sth++iln61i,tffijt6i^,&.
. 9fr + fr,'V.+ E Ft L k#r 4+,jtiE.+ "

. xt&,Mw)l9*F*.n+ a ?-6lt33fr.hfu.gh .

^41+tr 
+B+ ftft{+h, E-+rH H %r+,H E"++tr

) , -n*+fFffitf+. **NffifrJffJj&_t*trtrffi



128 x fiffitE*t

M, D'W.ffi*-frrtffi, ++f,rht+ (culm) " f+€tr*Ettfr=fi'
lgl, i5lnl?FB, L-W*l1., &tJffEffiAflffffi+" Bnt, E

+., -rl, Hrf,HfErfffi ,Hlt"" El h Erfffir€&4LHfi rlfrfn
rl-4. +,H&K, Hffiffi- *Me+fr+tV, R+{ifri(. riHH'

E*1L)T*, 'RE,EI+"

f,\*tHWt trJli,)"r D.( d. f,H ( spikelet ) t * + +'fn . € + 4'

tB€.-ffEPt,J.f,H*H (rachilla)' E*[A'-rfXn,H " 4'fR+Bt

HA-AW.+zJ.7L (floret) " li]f,Hfr'l'6EE-,fl, ffi'[+, 'fffi

A'+'H. frN. (perianth) -6=fI, ++lL'hfrnTfr [frtr'JKh

(lodicule, nft?.W&fi.4'ffi,H ) . ffiF;H=tt, #ffi'l.slitt\t&

f;ffH/}+-6Aft. ftf;a$HtfBt'fi (ovarv superior) ' A

H-8, FrH-W#", =lLtl, fi*H'Ftxl€{ " RqffiRE
5ffiF.B&, trhffiR. f++€+Em+l, Ae-tEiffi"

t#fr!tE+hE L+tuI*RBZrnI tl, ',-e+nw{R H 

^^}H+h, ftL+u^Elfrfr Pt&€" EgEt^^t+lFVtA,ffiXffi . E
ffi6. ,J.7[. J(A. 7ffi*. Rt. E+fnzJ.X"

+\"Eri3

#j*ffi E-+ +#r*lFW " ffi*ffi*€ ffi4'f+, Bplri/tlfr

ffiffi (Oryro sativa) f[]Fyflffi]*ffi (oryza glabenima) . ffilE
rf ,li H B! i6D frV. h'ttr.lfr, 

^)Lfr 
s3 HEffi % t s E-, rl.iE +ffi +

H43tJ3oooXHrU, fi[€ ffi IEE+h+K-

ffii*ffiEirfE&M, W+trlL)"? (panicle) , 'J'fi$E'*, sI

fttr, frJH4.li=+, H+ffi+64. f&rHxtt, #Efl;-&.

M y'l'l fr iB ffi & it'ft, i$f5 +, h |l,h *ttffi5 ffi fE " XII fE ffi

f+mili,E. mfflflm$re)h, sxtr*fi{t&5B, #i4fr K, Xfr+TE

I

l
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4, +,ri+Effi , +a{^e*. ffifEffifFE€m.f+. ffiJ+frm.i5B)L

Htz{t, xffixfi,t4&re, #i4mE, *fr€KB, *aw4*.
ffi ffi X*nffi 'lt H! rE gE, ffi Ln fE X trJ h hfffi ( glutinous or

waxy rice) 5ffi (non glutinous rice) ffit44"
fEXffi XEtr H (crude protein) AE B.&f+6XlE+tJl*,,

tEx Ht fHtr E ffi.ly8.s%Efr , EIflJ H kl tr fr ffi.2tt e.zN, f m#i

Hff trrr!-H, 4rxEH+En+*1'd+rJ&,frtr. fEX 
^ 

ffi AEm
frlt VY,&ya'&!, H + Eg kl,Iffi fr.h*hflM ( lysine ) eEffi
ruH,ftA+, Hn h 

^/6'tY4LtrfrEhr+y. 
"

fExh,ff+9ffi€fl., mtrJEHiEfi|JEs, xffi4ffiiHffillh
ttE el;F+ " fEf+El'ff H*+ ffEf**' AH trI,f&ffi Ft.

.E€a
EEA/5rft EX, EHiEIUE + +ifll " Etil'r't^Hrl,#t

Wi_-tr,,l+8ffi6ffi EEfti/'H, ffitrffifH+EJF&+ffi #B'iHR
I&, FtXAr*=*WAffftz-.

branches) . f+*q,h, ++EiElemffifiHHqf+fR, i* 
:t,*z E aP /i tL, fr ,fr)rpXiffi € H Bt fT .

ffiffi4 (tassel) , ffiSEi$IU/z\rlffi (learaxil) ffiHtrt+{tkl
MRiEtr, * E Atrft flf; EXfiBtcob4ear.

tE rH Ht 4' fH FI XlfiFyt] +& tF -h, E + - t,J' ffi U tE
(sessile) , E-frJ.fH[URHE&, WlfuZrf, ffi#rlVfr

#. €+4.ffi frWtf.Xfr h @*#ffi +iffi'[4,J.ft " E*4'li,H =



130 x fi#tHffi

&t&#;" *.aftFilx*ffiflitE'f+ HXfr hzrl, &ffifrfr " EE)

#*lfiAH*ffim@, Hr*. ffiH. y;rafrW*,+&96"

rtft rffi H ? h Wff6. h KB +Affi , l3'r-b6 H {A trnT.X tl =i
(husk) q,*E (shuck) " fstEi,S-f+, t[Et"$Ht7L)iHXXXX

r'J r'i kl 4. fH rE Am FI, f m jXLb 4\ fiS W frffr , + HMM** tM

fiF,lJTnU{nffiffi+H (AffiEr(rt$) t. €1'4.fHaffi +WL,
6 jiF.a- *fr2wfit"@t*Iftfx.{ H!+E " F,mE 7 EH! EEr

(silk) , Xiftl-d.h=X- (biturcated) , *ffiitFzy"Le+#r)
#ra &*HtrlHE, 4UEE?L# " ffi+ EWtkYt,'RM+1Frl1''

Exilt"
E E A Hi Xn rR EI ft I E X,Li . t',1 #+ D_l & r )u tr ++ " E f* E X

ZlH, trf-E-6ffi2ffim (niacin, lStfrLEHFJ) . KSIUEX

N+€., trJE.EEltsXEE)m (pellagra) " rk'rf, EXHIAEEt
(gluten, 'fAffielastic protein, 

^tFffiffi) 
ffiB.Rl+, 4l6HHl

XHft!]ffiE"

E-2, - W)\pAEH 6 F-'I* +*lTKffilaeE"+ H k! +
RM.. ffiJffiW.. iHEm. WHF-K&.+tr'ts)EE+' xhfr?friJE)i

iHE+' Elih4.ffiTf,lJ. '84. Hfrfil. '6#8. ffiRffitTtTft.
B.Tlo

!+,t'a

ifr ' fi E ELA )\e'Wl+&UtsfnlRY'lA (Euphrates vallev) !f
tr'4.*. rsfFiHffi eK ffi*€fi.-+4HA, fT#nlrtlX'
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Sf+Zt. zJrffifizJrffi =6x+, Uffi . tH:ttTLfrH l6_+
f,J.ffi4rfi, 4.tH+ffiiEH€t" ffiiI|Iffiy, HEH++fr*IE
'F. /38ffi=&, +E-8" XRRfl1M&KWWM, WEA\ U
t6.

4. *EiRffi ,ff MJ, fra-r'.+vtNE/t+:oo6e00Ex pt jl!, x
EK" +Effif+tH+fi , 4.f-Ft hh#l*.tE4*.NXX.

,J'#trE {RH WH+lttl, tr EtreE/r+11615%" fr
+AtrE+E, trJKiEAH*HffitJM@,.

ft+B)Lfr , E*ffi Bt4.* ftTriticum aestivum" WT tE

H4&,6'7€int* trJ{ffiEA, EERfitJg4Wfl *+ffi HtE#t.

4'X* E 6lEBtfFfl tr " H+mf+ fr?.htT,,J.X:6H
ffi tH + rt&AE. NE,fH'fft Bt,& tr, Eui/rj fn trF i/[ f E#B
Ht+iR" A+EJhE, R+fiJR+ (foxtail miltet) *trSetaria

ItaticaffS h*, A*i trIt+ff ,l.X ffi fr EHiH. tr f ,EEH H!

Pennis etum glaucum, lsthpearl millet, E Ep EEg k! &€,f€
dAJ" # (Panicum miliaceum, y'liffibroomcorn millet) HlHKffi

, rffifFtri+a/\+xEptrtrksrJ, Efi Eft H fl_ffJ 4,*" B
# (Eleusine coracane, lfflnhfinger millet. ragi*raggee) E
ffi'![fl ] Firl'l E g ffi a+ . iEE H'fE T ( E chino c hto a crus gail i v ar

A&IJapanese millet), KS B!4.Xffi#nirI^UE



132 x ffiffitH^'^

)fl, lFh4^ffi. f+* trIfilFI++€-H tr!+H.

{.E
E-fF6++Pitr.*fiHMJE# E (zizania) . rytt E

(Zizania aquatica) /5filryffi (wild rice), Eih*i/flEFleqy'.

tri EEtHA,ff Mt . # fr +.K+ ia i+. ifii iH fl i$irqZ*, zK I H
ffi,H,Er'Ht. r8f+w+HtH, Htr/}+163x" tEEEt4TLlE
#F (Monoecious) HttH%, HfiEfHBt,{iHqEEA'H'16+EE,

EH+*fTIfi ffi , mfaEfiSK+ lE+71,f kt T,. FiF* ffi A#nfg

4a&yxxa, i/lJrca2}gxK. a+ B, *++.kl*H ffiffil^
hffi (Zironia caduciflora$,Zizania latifolia), tl.4.5zKfEfE

'fX, Hf+BE$IJ-f+^EffiH (Ustilago edulis) #+.8, *Bffi
W*., N.fiftfltsffiIfitF, E pJ n Ht+A.

HffiEfrIIEEEtrf+

trffiE F.W.*++.il1tr.#f{frJ, *,1'f+ 
^ 

Eeffiffi
(sucrose) , EftlJffiEtEgtr++. Wffilfri+, 4*2\=hZ=

ftt Effi{*DJH Hffffi , +P}e++Tu}t'tkt*ffi5uftffi , tr
EI-I trH.ts 5&i}Ij EEE ffi Pffi tr "

frffiktfTi[+, €+fTta-+ff , fi rlffiE+F. rl,HE

)ft ktEf+Href+3s6s0trx" f+Ht*m)LB, ZitE ffi ffiwffi
a&*, 

^fr?. 
i^f,. fr*. ffi^4mHa[E/\frfH.

Hffi trl W+ElEff L, ffi 't&4.fHFtrf H+fiHffi .6=tr, H +
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-+a iE, fl*+fiffi , ffiffina.frflil#" Hffif++ tuI+tr,y+

{ft , tr rIL-fitffi tr fr[ UAFnfE& Ptffi fT* :,tltfu,t+EF,ril 
"

,t7+t9ftEffiiar-

fr ft5 
^TFt*ltr.+.tHW, 

j&T Bt+RIt# E rtThtsf.ffi.|r, "

ttt+ tHHfr fr.Ht'F, j5lnlFt" fT-fltlLH, Hi, nlH:t+o

x" rr,HtEH+Ta+9.L, fi ry.fl +Blflffi , nH +ffi8i6"
ftffiH6fr.*+H#+Kztrt*Tti," tE*. (D. H.

Jansen) & (h4t/attA4#fl1,/ahtl+ll) -I++E+, ft
+tlfrlk6tffirVrt,fK++I +, A'rtEeAEtr-HE ++.
A&11 (Phyllostachys bambusoides, l&fiBtimber bamboo) t

, i8ffff+€Fffi-H-++t)+-tLlL, #*thtfr+. w+.
hgLdrft 7 fJ -nI +WJfrt ++ k1fi tr, - E EHff fr fi! fl rf )bffi

l&ffJ 4t + +rJ ffi., )Zt-b W ffi.4fi-* + HtR tr HZ{EIE. \ ft + I+fr,
FJ, ftEt6ffidB€m+H, Hfrhfi,'WrEffiW" #.+fr*#Z
tfrEtrllfi. #*D)RHE3f.'ttj, ft+Itutrxffiffi,tt" ft?ffift,
5-ffi t+f+tH+rJWitEFJ, zJ.tHA-E * *4'lE, frX.h,
ffis;. r[&a$f6Ft. /hEi$-exfk, lEL|frK, lE%=E, r[EiS

ft+ Hti6&ffi E ffi f , /t\.^1E6iEffi 5 *[r]+ffi A[ H fi kl

#tu, H klffi m F,ffi#Elfiffi rll340oxH&i,fnHEHK . 4.11

f5H4Ufif^*IEeKffi EAf +, EH,ft,fif^&El4}.2tr,
76E D_r{lE,l( rireTffi * H Wl Hre, fl.s'%Flitf.+n m.

fi++HftR, HrAfE. tIfrWtrWffi, E+t?l+htr



134 x frr^tH*

6, fr HeH "fifrTdtrff" HtiI,y*" ftfflttilflvrtEwail/l
)E Ei ffi H A ffi , fr 6J kl I WR til + ?+ WR frV.ltut*M tfr -rJt, /t,

H A+n ffi.R'RfiFiEH'f4rl., trfi'fftr'Jq fftultuB " tLV,|l, tt F'l'
HlH*fi m (tyrosine ) Elflrffil)ffifr EEBtf-ffi .

fiM #MrtM, Htl+#fi.4't*, frllt(ftffi , ?Ei#+xfl ,

tI + *1 tr.*+4 r$rfr ffi fl E, El ffi il Ft.& f+ l\ 16& . 11 tt ftil kl,k

R. xRe-E H ffi ff +tr ?, lltt+= 4RARA 4#**.",R "

;$HTtEttA)filfitl

6Ht+5^4f+-t+, f4'+A$.&,,ti/'[ffi Htl. YF I r

Aj&" tr+r8+f+ffi +f rf tHW, 
^fi.h*, 

&t)12frh)L1' ),,

tr, */L+Af+" H+6H5^^f+ktH#'ErlruLffila, U.l

LLT ffiW * Zl'El H! E + € E x{i^   B! H;s afr nH EXifl *,n" 

"

$Hillru#.WAIfuT,

T+&WHMb+, ilHAET WMilItrfrWW, "

. ff**,L., RHDW+F. **t{Wklfilll*W++, Rli
,.&B!H+E*,L'.

. EiffiFts#t+, WirEfHftA. t+ffi+rl*1+ffifi14, Tht,

ffiftA.
' lk,J', +HT-t{Xfr ,+ B!X& 6, fr -EW-* 

t)"1f;Aflffitu! tl. [;t1

6EHfrh (6H) @t. RZ, **+HtJ*14,1kfrffifrt.6)',
EE, m H 4'ffi9Ertkl4.fHB Hffi ,+& h @*"
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h"
. ilt h =rlB+-, ffiVlTlHytl+ffi-ntzL " t*tHwtrtEt,+

E*ytJH-+ "

, R**h'tr.RdER, H-t{M,trnxx*{ . 
^At+tH+rJtu1R*EFNR"

rlHf+ffi+n*w.

^REiP.kl^tFlltffi,& A E +}BA Pi +
E X iF , RH ,)'W.l6

H-, lnfl# (Eleocharis

dutcis) BtI +trJ,f*€
ffi. H+HtfTj\4, J1

fi^B*[ry$Hm'trt'A.
,J.fE-fI, IFHf+-L"

ffiTfR{t*frK, lnqtr

W)\FttX*, Aeift#i
riBh, ,Hrx.ft tr 

"

n-ffitr^xxa
fft)JkllbHECyperus

@ EHf++H.

pqpyrus, frIR&-^El4l$Hfr+6Jfttffi4xH, ffU€rftiK. El Bf, ,

lt##H BEI hlfrH.ffifrJ "

^H'f&trt/bH, lnffiHtr (Scirpus) . HHtr (Carex) ftl

ffiHtr (Lepironia) #, +t+kl|+WBIH*ffi?RHIff. H[Ed
ffi #, t 4.4&Ff+rZ EtePr€Ht/++ "

)+ * **t+ ElFHNtHt,h E&. E Efr HFE E't +H " rxrj

ffim
w/

E



136 x Sr^tHft

+Hh f Wffi,IEMJPEru+}UftJffi B Zrl, 6,Bh trJ UHffi E
H,fr)E FHrrrffi In f iH fr H, ffiilF:W*frffi+1\tK^fr' B I tsltffi
Efn +8, p+,ffte Rfat k1/&4. "

+-Hklfr,EEt, f rrf ##;lnfUH, *&+H&,Hi",h

 +ffi *H*H6 ftj ffi *r&L " FtJ\n&@ fr.86 EFffi IFf+ ffi# ill
* + H*+fi+tHWJ A# ( I mp er at a cy I in dri c a, l&f;,tilalangq,

cosonsrass, +H. +ilR) , SitTtHfrtrtE&+RH, eHR
ffi. ffiHffi. ++mfrffiH, H?xA, +-hlilR^ B!ffi*.
flfiflqffifnHtrrE,ffi+. tk f, +i+**e. *&*ffiki6H
ffifHTJAWA (Cyperus rotundus) , Ui&,T4**rH, E+Bl
Elrx&ffi m ffi *++*H " #pffTBnHHffi*t HEKfi 1+*@

Yt*l RIE€,L*#, EIA + ffi ry E'46 Fftmfl 6 pftB Hi+H4hiH,

^,% 
AlEFi.filHI +[ rE % ]Lffi .

E,Xt+- (Ralph waldo Emerson) ifi,i$_''.ts+,,\i ,H,Ptifr,

"+HEfT,fi ffi*&.AtstilAffiffiryJ. " EI Bfr , +ryJ*HI+EIT,

f& lli+ffi " trrlL, m ffiH^4f+5llHf+tHVJ#Z.EH*6
fr+klfrA, +-E-/t\.+ffi+iff+,ifi+e+Efrl HXWffi, HEA "I
fr?W EVJ tlh H #' W g,gl *1 H*h l+N.ffifrUt *lH Rffi "
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/1! ffi.Atl rK *_tfrhb

tH"Ynxt ?Kklffi*EiRt. E +Wk\lFVJ4,,J'E€&F t

^ 
fr W + +n ffi' 2\ ffi tKzoo6+oo /* fi ; zKfE r'J zK Bl ffi * E H,

EHi. | 

^ 
fr Wm.d, ?tJffi s000]A fr B! zK. -fltfH W@Wrlkroo

H Ht zK, NH % rfr,W &ffiryJ /fr Mtft fiA tF H 5 Hlfr,+.tX, E-

&, HAssHHlzj<#[4#ffi.ff ffi ftti$fE+ ffi 

^+,f$rt 
.

,1, *ffi IF H,fE ZK ArT ZK* -1, I&LWW H l]H )L ffi #! BE, iLft E
#ffiW $tflY 9<, D)tuB hrt*& m'It'fr? "

Wt-tK*-1:'.ffit+

tffiffitfl*hxt tKrI6 E fEtr fri,f&Xft 5 ffi *, HVJ + x\\t*Wr
tlhWHffiryJ (terrestial plants) qrK+ffiYh (aquatic plants)

ffit+.
&ffi x'J:tj*+i,E H!i6D6Ei, W +tHryJy-EI D)h tu U T =

*'
. ffiHtH.WJ (hygrophyte) ' Ai+niEqiH+HK, fr+HZhT

38, 'frltrn#ffit*WJ#"

, ++M.ryJ (mesophyte) , EtffitKhlE+ffiffij&HK, @



138 x fiffitH^4

+6Htr, E't EhxhtHW, ffrJln Rfif fl E H7L++ "

. ++ffiryJ (xerophye) , AT+r1lffi+ll1#*fr2W8Htstr.
HK, lyllnfiit^Ht+*1ffiW.

t&ffi trzK H 4 K H!fi fr,5 zKtr Hli^i*tr, tKHt:HPhal Uil
tD-lT=#'
. lft?KtHWJ (emergent aquatic plants) , t*[+f+5ry,Ht*ll

t|ffi'fF HzKE, +R*[+L i&, llrJtlstflH* "

' in Kffifh (submerged aquatic plants), W+tHWt&iIitrTzK

+, trl-5^a1w#, FtJtn+:tu&# "

. l+7Kffi"W (floating aquatic plants) ' nt,tiHiYTTFmt,

ffitR*[iFTzK+ 4+LfR-l +, &{fi i+#5 W# (Nymphaea

spp., 7)[fftiwaterlily) S"

iKFfi'IHtrfAZ.IE

zK'f45 Ef j&,ilrHrlgf* 6 lE, zK,f4 Bt * EtS,fi E )hRR rEE tt
pfrilb5E. ?-fiErt', Btrt. ffi{tH, ffitrNttY-rP" uK&fir

tr JE Kffikfit tt dfE +, t 7 r6EzKrffrffiM FXT EWHtHttl

X# fl* kIM*r+-"ttJ, HHA++,H & tr W HtHt,hH E * ffi. l:tr t
X.fril.

h T 5 XBgtrlzK'{4fE:6&, tK4t*t/JilIntT-fltfr ffi , +t

Ht+,H5.XII . 4{t4ffifi; fr B!rl7fit-E-+r6qE, /y\m}fi

IULAEfF , I'E]+*EH/6A lEffi-'fiF " tK4t:Httu*lnlr*tfrZ.ly

ilfitrnt frtlHefr Bu+, frfr +tLfrffi, #tr68ffi H4,



*ffiHlzKttE% x 13e

,E Hi im a m tr ffi 4 tfr )htrt i$;uH, /s E fr !J H TK +'M*B 31 XHR X ft |J

MIK4LAVJ"

t-=1 + H!fi,, YV,ffitrEE fa1frttKtfr.? T l?irt-f {S, &e
2, *14* ffiAfiE.E +Te-i + fr\sy"EE . t Tafftfi,E
0! rl-'H + HFff {Yi, zKHtH +rJ *Vtr-1fr2rr#l3f R tsrt " ttua14tr41

frW&rtr4RfrJftlEAFIpH, HAWtt h&tk.ffie.rffirXftlffi , *
-e H ffi *[ttr a"til-f,n, lrr,ffilKk1 + tr HM FX* +-gl{.t, E " g
zJ<Eti*zKAtE.fu (saturated soit), 4,ffrffizjrEr'i, fR6iE E
ffJfla1t&,,, tKffiffiAtrfrtl WWfrt Ffi ffiB.l fi,-.,, iE H t ri
,tE^=1+ry&tr,BEE1B^1I'EtFH+rffi effia"tKffi E=FtFfi

ffieoaery,"

,utu'lrLr(WTHfirlatKHtHMttSfr --"/6ft1trr*f rt&Z
, tE HE}H In zK H+H.MJ W l+ h . lfl tn * 4 *.Pt z]< 4 * H it iT
(Lu&ttigia adscendens, lfflswater primrose) , KtilHEiE

+, A H C, ryrAffi 518-1rE rr::€& " iYzKS Pt.Ft ffi H E €,*
ruWffiWt+-+*, 

^ 
HlBF=xrE zRffiWt€'.D)ftJRiYzKf 

"

It)YtKlffi+ntRtr'ft

H TzK j|'f*DhrB, zK&tH +TWWHR.#II, S 6 |EEE
fit iB4L, VtuKtHW E l+tKtF|ht1*F*fl[6Ert,,frrl is i*#f4 fr!

liF G"*na minor, y'li&Scommon duckweed) ,F.fi-frffi66+
trlffiW6T l+E' r'+RX# (Spirodela oligorrhiza, lsfLfew-

duckmeat) Vl)ffiE-Afr, mfiffi# (Woffia arrhiza, )5ffi



140 x ffi+^,i.Hr{

rootless wolffi a ),fn. u Et{,f4 B't nEEH.Hr&.'l! tK/tl . ifitKtHttl lt\

*.LfrM,eHffiffitr, W[fr.tr (wax layer) , #fifliAzK-l'l(l

t*+n 14, w D)*)9frffi6rF1x ittR Et hHV., H+*il&t)FtKh, u',

th Ifr .tn W X *+ Et -i'fA . fi itKtril*h ls #.e ffiffi tnffifr4rvtrlN''

ffi+ni**Yxr+lg, EI D)}rfi,,].zKift trrn ffi iH #, - H 4frtfi W f"'
ffi zKiHifi , +HEKFi+f ffi , D)H *9*tHPt71 fr trAi.

fr9*trtr kttrff FXE, H +xn+TE Et]" iZf+tH' t\ttt! i'

H fF zK, KFfi 'fft ffi HE tfrilfl, Yt fiii5+ E &* 6 lE k! +H #T,'

.E *H%,X"$i|,tr TzKHtH+n " ffifr H%H*I*H, I* lt t

xHE{€t6ffi -e,, *4+,Hffi,, p+'fftfExPtrruffi tr" t*[AzK r r r

ts +fr+T+frryT+tH +h, DW.h?ifft E!ffi#flH*tHtttt,

fiflE E HHK ( autotroph) H!+H, 4+th*RII,6H'14*'i"
(parasitic weeds) . +H+ D)-+4tHf0 (annual plants) t,lal

ffi*84" &HNffiHD)Tffi+-,

fi4 4 Gchinochloa crusgalli)

fEHEH+#fE fr Ef YZH+. trFtFEfuE k! t E*'t4,li1

zK*H" r8+-+e^4fl+H&fl!ffi5u*ffi B! E[. i4l|'

friEi+,&xlFH'9ffi . HfHEr[+. m.f'F+f[16D'EtdE, tr4t t't

a#0il'tt+ j*+ffi*fraw+tr"

ffiHffi+f+r\+. Hn. Hwtrru\fi€. 
=HtT*flail.j

'fbnHl-, 'FHEHtR. Et,HEAtfli, 5Lffi)iffi, ryffi16ffi. ELhlir

Ffr , ffiH 5 tKffiW#tXtElU, +zt Rx& D)il+iR " ffiH Et4f,.lfi

+4 tr ElJ, tt TffiHtrlat H +ft} ryE.fl , Hffi 5 Et H t}* B'l nt lir



flffihlzKttH*Z x 141

E, +triqfi
4f,n n16', n-

/(fE H! +}fr,
ri45 ry6lF

*fE*.
ffiHftrlH)T

E*""INEZtr.
SKffi,RJT, I
*T*1+ EW#tr
&D,6EH:tt.s
,F " ffiHil+T B,I

fhrRHKrt=e
tr+.E. i#i.E*

ft16Hf+ +#
, iizKfii*flr

IFUf+Tffi+, F.
@ TCHEfE H E+=H!*i't1lEtK*H "

ffi+ffi*tr+e+:x, ffi-+,d^w*f4'ilrn, f4H-
Kfrh+TL+hW " &+-*-trfffttzK HE, ffiHTnH+ tr

+-EE+ExEF+t6ffiffi " tr+E7Ll?Hi4T+, ET*r
ffieYx^R*"H 2t " 4,t$K3.s6+.s EX, ffi H+t$ffi

ffi-HBffiHl#*&+, Ean **nffif . H +FtH&H&zJ<

ffi +, :E:4Lftffi* tr L+4.)L+ Xzlil?t?lfltlF, ++lh+*.
*frh E, trftrf zKffi f6FtPEffiXil.

iV'c-qI rltf.H ilh



142 x fi#tH^f^

+ ++ (Leptochloa chrnensls)

++7/5tfi W#, &4*WlLHiHttrzK E E' SfEH-'f+
hfi f i2, fuEtElF, H'.,LTuKffi E E. iEn+4ilili.E ffi ffi }U.

rsf+-+HE!+H, +t+i\+. Hi, E*[H'tfHF, n+hqfl,

il,*ffW+tV, 84ffi{ " &AHffi, M#57KffiflffiHfE
'fX, f*mr'J hHiU Et E E*pH HE fl.*frtJ " &l inmolinxefr?Rh

ffiH, .fEErf+#+8rzi*+4ff!j, trftEMHE+#.AW*h
,H H't zK E E:€ * * ++fr ffiH molinate, W +5\+ #.Atrfr zJ<

EKiEE. &REHhHfiUHf, D'EIOil+HH,TT4N, ++.+
E rl,H 5 ry+HtEAA ffiE u:tL8i*lfr , mf4H ffi ry4fr JtWrt
rlf; . ++T5zKffi Ptrl#*.#ft, ++Tfirl-4, frtKffiH

-rfKH€B!rr4.
+++&il{ i,E Ht Ll* + ffi #'Rit, f* IrI' #zKifr ffi ds fe

*, ffitr*Wbfr.ffi,, rrclE.*ifr HtzKEB, +A+E!f+ Tfii*
ffi+. Tit, &wfr,tr{rk#TEmrif+t, *trH'aiE)tfl&tr&tK

#tllH#XFE.
+++-fltTffiFtr=+I.6E+rxBplffAffiffi , ffi +

tra+6^+XE+71 E! H Wffi . W+EMii,BKLttzoE.X,,J.

ffi4*tu5K9F. tr, frFrt)+ffiffi trl -'ftr!, f+ + ttf4H H! T * 4. f+

4"
H T+#T lE rf Et zKHtH VJ EW + t4Wtr!++'E, tr [tt!,

HEA+ E EEre, tr +ItulEWfrWzK4t q+#+.

*nXE S (Scrrpus grossus)

:xTf ffi zKHA tFth RlbHN, EM* LE **t++HW e fr
*ff:*# Et+#A - +Ht*., =m "gE{ [6, H+ t-E-SAffi FE "
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fEtffiHHt*fT*Eft, Hi,,IHffi ffi , HLtstzoe2ooEX,
**[€ ffiHt, fi +rfrffi, HHtffiHEK]+*"

ffi.H*1r+*M, A*[HHBF&K, EEETt. TIETKHA

+5fT+-f+K"
ffiHHtlLrFH, li,ff#Yt, RH*+ffihtti, HT€ +{

6,H=eE&, H+ffi.tiEVlEtrrK." 4,tilglru, ffiffifr,, R?
*4,1i,, XnH X$#9tfi #FrU . 4. gER lslgrttu, H =t*., *E)h
}P, tr,EB}E"

ffiHE# ++IHMJ, frV.D) 4. !ER4HHTH?T.
ffiHHT+f+iR?/, BE+trqUH*.rffi2RHH. Hffi. HX

€, +lffi T B! H fr ? W,D)ffiHB! +f+HJ M "

E€ (Nymphaea spp.)

W#ft.* ++fi*LfRi*zj<tH VJ, n+ E@E M, N+=tuH
ff, nl%frM4Effifi, ryffiHma*€" rr,IiiHi+TzJcE,

fAZ<mn + Hffi HI Bij&T*, rl,HSXST* HKrt+6r+
*, itu< qfr,{FHHrt"

ffi#PiTLFH'&++E, A H!i#Eirffi, Hffir_rvirk, A
itifrHlnE. fr,+++., &tKfrj.6*Br., frffil{.K, E}&T+

E" fiWnftrtJFtiz-.{t, 6ffi ttfl.}B4. " fiEffi?+, IELL\XtII

, ffilrFzJcid,f€rx, 4r[ t+ffi#"
ffi E HEt r4zK6*r€t+A +tJ, *mE WfiI,.Rtr + M R+
&,4 tr t 4&r+flFzKr,ff ffi Am+H.



rt#;d;,1*.1t fiW

144 x ffiffil.Ef

@ EEE.

X.fti (Trapabrsprnosa, 6f'f buffalo horn)

*ffi fttltKt:H+n, Et E*M\ll, Ys&zKE ffirl'*fli, ffRll'

Fi#trfi, st%lslrfr, BtffiY 9*A, HF"Ar-r@'. EiiE+'ili

W*FX*AWM, frAiE.ffil+t.E" tr(fzKffiZTB!+xt+' +i

{ +r{, Et+fftEal rfrffi., frw&qy+/n" fifr4'. 84. ll
thtL, t;Wftffi+gEtr{t. ffigE9[+' +FE+T'inf E, ,1,

mnLfr,X.Ztr, tr FlR* l:WE ffi. RR6, R6*[[Ufii/tr"r

E"
#ffiaF.ffi5 FH /ih,e E! ielB4Y4ifr E HKft H " ff- t t

tEtr[, *fr+Pfrm1* /\Eln]rIP*, REIHAfrfrA' t'ir'r

ffifril&tulfrffitH " *tm , 6fE m fi\t1F:&At-t'* 5 EfisiE+'l '

K, fr|tfr 61 tK l* trl tfr.a)r, F E Et{E'f K i+ k! fE E llF zK 6 ltlfrWfr i i''

iffiFTft"



fl*ffitr)7Kk+H+h x 14s

iB++ (Salvinia molesta)

fErl#EzJ<4
ffi.X+H.trtt , ie r# .

zK/HfrfEH+HE
fr-rtl" ffi+nff%rce
20rr/r., fr#tHEHE

,lt*,, d-tA#,iEH
+, #.tT,fR. EtrI

hW#-' iSzKriSR
/(Ei" i+7FryAtHi
Wfii)MWFt rrJ , EtK

LtJt.24r.sEX,9*
+EryE+ffr, ET%

HtruE , N-]:Mtfr
@ tBft+"

+L*{tftfu . ifi zKniEzK + l{.FXfr*,ilr, M*lnffi, fETR
(sporocarp) hl*fli, trE*_l[itK+Pt+fE4B[, +Rlfl&fr

€" Aq*trrE, 7fu+-flt6H, trrlhfEry++qDf,,U,l+.Hrl

ffff . EzKmE, ffr++HK,RjE, ffi&'fEEzKE, t"E%n(q

ffiHffieK5HE.

F^ & Gydrilla verticitlata)

RH^t6+AE+zKH, EifluK *l++nlt*+h, H It TtKifi#-
lEPtiEi6fi #zKi&. tEtKEt, K+6ElElFe2/K, +E-HE

hti., M6tffi*tu1+Wa..

Hfr+Bfr, )im, Ee/\,ri+a+t+0.&" RHftt7L[&H, fiE

i*zKnt



146 x, ffiffitHIt

1ffiRffi. h+h=+, #B=

t\. i#ffiAffi;a;=ft, rIF{
E-'li*Tzl<H. fiEiLt E*=
ffi., AEfrK, +8, AE
f+7-6=fn. ^EHrfm'H
zKffiffiB, &pHtr'fftT+fttfli

H+ftEH#" RH6EET'f

tt Tt H'Y* E T,'l*+rE " EF t
ffizKiHifr, 6EKH4E+R,

'f&Fftf iizK:LEFtrHKH
re" tu^, fttET6E&tr
ffi+RH+kl+, trzK#j&BHffi" @ RH"

A.&,R (Ceratophyllum demersum)

tKtHMJ" #2+fr. t|ffi." ft|frK, +ffi+[4, Exfir]+, K

2ttzls*, )L% N*fi\Hfr ff . +e.ffi kltLflN+, fiE/xE Effi "

lLfr,J', lkf-ffi+5fr9$, tEr$#n$f;rF;f ntJH6lEtr E Hi6,H"

H*," WiVlaEEKEFtrt, lilrl-trt-" +ElxH-H, A

H -tkw4. R*tE6EktEE+, 8*E'f[{H - Xlfl' K%s-+,

,ftzKt if;al.
tKLt{.*1tfr2&AE*r6ffi , {+iffi ffi iEAFIiEi+}&. E4r

ffi Ht i4 IEI yt ift   Y HS H! #J E, fr + tfrjsrd'rP, tV,l') Elol tfr" 

^
ifr Z&bJ(fX,'ftiffi zKAi*. ffiEifi zKifr itE't6 lEl' +4tr *
*tr tK4iflth fi,6W#& H kt 4HE*H " &itzK j&ffi HK ff'l



.*ffiHlzK&tHfr x 147

reed) f,[ffiH, Eiffi,L'EEffirt, H,ATt*tKffiWlnt*#. Efr

#. ffi€H (Eichhornia) fEHRf* (Potamogeton) , D)kfii
zjt ftt 6 ff zK &, M llT W f Rkl *+A. x +,b zK H tH +rJ mf-Z
E, ffi'H*1r*,f4triffi ,R1&fX, MiNlEfr., {_LKiffi T6f+&f+
WtHrytJ, AFIT HAA 

^n 
hF+WyEi+At "

Itry+yfrLhft.*ff e +5 g+ klffiRrrr9fi , zJ<HtE )b tr*fn
HibdtVJtftRH H%rflkltttfl. i+* gXU E-E t€, U gm

HW NiF..*, trt6i5*qiH., &Z^frrh#, +.fr}.&'tRlESU

ffi tR. lfrJ#tilj&, H't'fXrF fr € E.Zi #, fr Lffi iffi ,E6f+ dJ +h, 4f.H.

Wff &XtKHtHftJ, +4)ttFKY E 6WM F\Wffi.EE f e*

frf EI ff*,f,1, EE5 IHHffi A'l]BIftB.

;Eft (l,'letl and) HtSWFi**.

NlX,, lrr|ls 1F i}l'l E't -szK f U E iffi ilt!, tE Ft tK HtHfhHt # W U

frAfrM L*lN.+. EE.EktfftI+E, 8,,!t Bfi Infr titT,ffitb#T
tKYAffi *tr-ZE, i*zK5 ffi ifi Bt iAYFJit j&,itFie6ffi eypha

austratis) ,tEXrH, +.Jlil 7tr€friY4ifr5+iftftlffi , +H
VJW 7 5 rl n-H! zK.trEfift . m tr - Lhff R \$ffift| + 3 tEU, H tH

MJ, TrgssF5 IAB tr trnfi iEJTi,?Ht =fr WZtr, 6ffi Effi rl-

+Affi HnFlfffi *, 7 K 7 o^E PtYqid[. t}w:&EtHthFntf,E+

HiBE5tr{Yi ZFfi , ^E+ -LbfiE+Efrrrx'B, ( Schistosoma) B!



148 x trr^,tEf^

F E fi Xil tt R ffi @ H " rLl,rf, tE rt # fi! tR.l/i ifl zK Et /iE +F f .

Etfl SI& ( Mansonia ) B! 7 f , tE l.s] +* t?'ft )E tr tE LL Afr,

(filariasis) H!€18.

h 7 Ffi tLfu# E &3HB'!ilH fh' @+fr &tF tKHtHth D"E ||
l+ x, \P*EA BenEx{ 

^ 
frxtrl'+H&;.sfiUtr' +trFt6

+ 11, trEffi4.*HP!,f€{6ffi E, UFfrts'ti€hkt E H't.

F # 5 E tKtHW: fE )iln, i' lEff

,,.,&t,.

;,.,r
-.{ i

l.:1.\::.
. ' ,.;.

: 't.- ..: : '

I :-\i;',.''
r'; '".:

)i! i..-

@ )tqrEqFliiE)+1 4 fi!ilfE.
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iHinls ? + 6i ti tr4

2004+12 E 2e X, Ep E;ff lt E.Ifi tr JhBIHH T rEtrtsfUE
fr++fif (Richter scat) )t2\.ffitl&.E, l-E ffieEFtri+E I,iT,*
'ffi fr! )e ffi . # f ,fz rd iE zK W, FXW tr E, A E t v) E 4' Et Ltt t so

AE, &,#iEn illtA"m[Plfi]t, tr*Ep/gi+lE ilrffitrx,
EtfrEpu. #tr. qxtrrl[. ,m6]. FfE=+. Eptr. q^4t

tLlL" tpffi+R+, iExtriEffituptzKlB#efrEi$10x, EL-,ffi

fif 

^r5 
g H . E Ut iffi fi.t E iR14,l iE   HH W.H*I g tt tE fiI H, Ft

frjh bfr R. H P$tji&zKi6#2tr, &,+n Ef AFtffi + "

AIA + )GEf:)i5 E'H E! H XRE'R.,+itf= & E, -flgE
EftAEFtri+SttuT -Z- +- ytulM*L.E" xfrEErJEHEt
ft R lfi iE qtr # E Et, +ff fE +tf\'R I * - ffiiE tr E rS fR ffi tu Pt zJr

ffi @ypa fruticans,

shrub nypa, 4*h
ffiEnipah) , /lEll
(dtifr1fr-Ht'.t Gttap

palm) . Ai6'trHi+
mvtrYEntlE, i&

tHNzKfi4iEffiW,7K e zK4H[.



1s0 x sr^tEft

ffiffiR*, BFtr6+ GY'4*84'A'rrtrffiEfitattap chee) if;
A.
EI'J O

IEWW7.ztr, Xl+" *T - ZErt trH +ieEFHi+,ifi -ffi ft
tEfffi &E ftt vH,H' " rn++ia Pt ft R r5rEiHv+m* H! 6& I E flfifEf t I

/l&EnEu6H " {&F€iHtr H *Vlffi+Vnrnffifi , AiEr#fl
T + Ef.tr{& " rxffi A 6'fi Hi6kt +tr #, +HffiM1t+tHYh

ffi R q r€{* B fr kI * 
^ 
t WilsIh'RHt "

+4tr* H! ffi fi48[t844, E^E]aE H't,S tr + BId

E H!++e, " t+ * E tLfit)j.ii klWWtH+rJ +X, fi[rf ft ffi flU tr Hr

ryn4&X*Ftlffi ffiffi4.trifi#f-l (grasses) . I4Htr45tr-sf+
(lilies) +1HVJ " EZ, ltffiffi , 1+*++EttHVthFK:t*Rtr;

,ftEi, lnr'r,,\H. trf +fl MK*lft *+, H+HtfflffifiilHt
Elt*-q, Ei+ffi8+/\x&HtrtffiffiXt#' 5HffiEf Hnry+H"

tfl+rr&flt X"
ffifiitfl4,f&++ffiHrh-ffi, +&6q.8, R frtF-6., tr

** (woodystems) frW6+fr," H+mF,A-,ri++, trr}L

ETRRH--' hffinlr,FL+Nffi-t' *f$*trn-'I' €HinS!, li,l

trc#, trJlL-.Ii3Ety'iltHt,rJ+XD) "f,\Jff|" (Sword trees) X(

trXiX#.ffiVJ"
qX+,SEffi )ililL9, AiBi+3U EItr',!\+BTSIJHtI' Eii

tfrilfrFfr6&, ffieLFJ-n. +EE=)r+ffik\ KffiryJE+h+>) bl

iEfiffiilinfl€ * =Hm, =ff+, +E€-+- ffih)\+vq
tr+" E.S[q*EIf , H++Efi <r. C. Whitmore) *ffi (q)K

![frtffifi{]) r8+SE, lere7e+ffi -H[^ Eiil,*T =+E+$f
HE fwita genera) f[-H-+fry4.f+ (wild species) . ilr



Mfrr?**\f,n+Pax 1s1

Sffitrsjfi ,S_L#i€"+/\tr E+xff+, 5#+lFill'ltffi Et+Itr
f,.+ff+bL&, ffiailL. A=+E+ry4tr+, *€E+trB!
ffiflfl tq*trUffiffiA^tr (endemic genus), rii,t-bffifiblFEq

*truffiryH,llH+EK.
tf,ifrilt+f{ryJ +, H frlrc. E^fl 

^trffi ^ 
( woody

cane) . €ffiffififlfifqffifr'Efilj, +#*ffiZ^tlfi" ffiil4Etni

YIL*ffi , AHIEH{ r}#4u,ftEtri. ffifi4*WtftH+fif+
ffira#. HffiE*[fitE, frtFlffi. Hf,H7Z,,?1EH*hffi, M

F*4nffiH}n+-4W.hl#'I&6 (spathes) A. ffifigB!frd., -
ffiE+, W.HEX*, ABtTL+,I4, AH!E,lt" fr&Axh, ll
Wfr+llrtl, EF rffr,=h D.A ?[=,ri " ffiF;=4xf , -flt X =
iln=fr?tt11Itj" r[E#;kl,r]' I9= +, {'tH4.#A " +E L(i, -
fi=B, A-E=*nm#" R*bX.R. M.Xil'trR" ffTE
+H Bim+1, WA/6/)l++=e+/\+2-lEl "

tr +ffi 7+H VJklfr'ffi., e,RH ffi*+t]fr H! Jt4xl {tE
rl-, EIL-t!' LHl4fr.ffilF'Yrf,i.ftqt+tHwJ. fr.*IFffis#.D(, E

frffi,FLh#Affi6 tfl . fffr5ffifiil RHfr Ekl*#fth+## ,

TKAlMtul#Bl, ffii H* h#rl-Er'IUFI . fr'ffifrEffi.Bffi . rth

,1, ff.*Tfr\Mqfi+ EflER*, m45 ffi +',&ffiffi " t#T*lt:4p

A, +H++Tfr, EWEM, IfrffiE&^, H*&[H'ftfifrFYIK1

{'ffi,A t 1..fla"m' FI, ln + r'i Effi ,t€, FI *{ r.tAFn}E B, " Wn

ffi tfE+rf AH+trfr , T*[FtKffi , ffi 'fIUHfi -6Afnm
ffi, FtH{B!f++Hffi'4r8,"

Aq*Err, H'-tr H!ffi fi4f+t{Vl@+fr u)T W*,



1s2 x fir^tHn

ffFf (Cocos nucifera,coconut)

;t H f ffinBT/\+-&f+&R#wwrnz+, ffiTHEEf.
+ z-.  +aEfr ffi+4t8, B,tHf+ftJHffiilf ftt€+#r|r(
iffi/EHifi.t B!ffi*. ftr}REflffi ,ts EERffifUBITEIJ, fif+H
+Effi. WE. Rffi,, ffiEItr'H*BAMffi, ffiA]trJAHflffi
4TiHXB, R*tr1428tr1ftUFI4H. A4f[EtJT, ffifr,e.lLfr+tr'J

'SAEI tr E'tffi,|5+H Bt WHFB, %.fr_IiP.N.Fnm/\ B!ffi it
iH (today) 

"

ffiflfB,IHtrA-, ftHtrJffi $2DK" EIAE.K, EII{AA
*, -MK 647X, Hffid-trxfHttr*K4.ni9riX" UffiWl

Hltq[nttrTBEi, 4trryE/]ZlHl H]rlaffi , 6WKXZE, l'
KUftgB,lU{ Ert-.' ffiaffiftfrtfrhHf,Hft)? (spadix) , lilffiffirl4lr+flgtr
w ffi.|L, H ffi qtE4fE MFfttnffi*H, h W+@,tr . ffi flsl Ptt6
htrBhlfr'If.E. fi[TffiTE]?m+, r[E/ffi IAffi , ffilL+_+ft.tr
r, mfiEarlHTf*jtrfif+ki7L/iH*F . -wwtL*.fl%*,
trtlEtrH *He=E +, frffilhtutJry.ryi*JL" tMZAi+ffi
.F;, ffir[ElZ€'=.f,1'H, E=E f E. EE ffi#, IEFIH_ -

+Pr4FI*{" *EEtffi+fiEft_Lfi=+HtL, lArtE '.HR" , Bp

**+*"a^h-H'i,t'ErEE"

ffi +lktrIfrffi PtrE?Lft fr:ftf$., f trnlFli H -LmT6ff
)+ft,. til+@+?ktr wfrILSXE Krt+ E X, Wtrt#fr]tr *Eii
B.'rE7tfr j8+m, mE. E-ffiffi fif €it RH - ttLtrr4ftft.,
tr rlL, Jtffi ,I Bt ttrTfif A[fi Tt *lt 4t #1, .R, A d. S[r] HEfi Fn E

ftrcYn" frMie..+Hflfr (nectaries) , nlEltrEEtXXH{+



,Flffir+Hltitrrl x 1s3

#1. rk f, tW+&,'fHElrX.h\?lLfS4+ffi" PffitlBftFii=,", +
E frtffi,f,L'E[Itr', R* H ly#t'1-+,r,EtsE mfi "

ffiTEEr*fituI+Wt ,R, fiRE+ffi., 
^F*B-'I)tffi, 

E

Ht ffi f+H€, **Fh*@, EtF*trAFtlk4BA. + RE,R.tr,

fr*EP ?l?f, WrLlL. E L-b q WlfrtW +&Wt ln E$-f# #fri h
W, *H$n/ffiH, HEreiEiffiiHldilfE,,iEiRiEiHEy*il+tr,

R4rliHi6H, -di1F-.+XnH*HK" 

^ 
RE ( /5ffit$ft ) !868,

HTPI=fP{71 (#H7L) , ,F.A-+HEffiKHffiIH, ETR
*EF.€ -ffiff T. f+7H'tfr+EfRffi , FtnEH-trHE,H! tr'14

m+1. tr,f4m+LffiEe+*ftttq[4, H^a -+eflEli#Ht,d./6
mSL, &#iEiBfr'EnPlffizK"

ffi[+fif W 1aft4 *ww-kl€E4yi tFW . 4 *;\i$* h
T t+ffifiiffituzfi , E HHiffi&t3ffi#ffi{t*rEffi . H=tf.frtr
tfitzif , Eqx+8ffi+ilE'taHFfi , atr&,&ffa t*[+H
fitffi tr . Erg+0ff-, trqP!ffi[E,#.frtxhz+n3000/Am. E4
H,lEr'J, fi *ffiW4Lfr,E, trieH-ffiffifif,tEtfivr* 1.9s}+

ftffifiiEH, AiH'f ffiffii,r, ffiEEtffitrtrrlt#?+H+n " ]s70

+Rztr, H+Hffi B'lA#if#&H, 1fl?tffifrt^*E&f+
lE ffi " fiI il E't E R, &,4fr.!ilAffi f HE H'! i&, tr in &fiI kt ffi +fU

€ (Province Wellesley), D)&ffiffi . q!#rt8*.1rfri{j4trffi

ffi X Ptffi t ffi, {fr," ft2000+, fr ghn LID E 56,+nruB!ffi trE
ffi,lx22n L F,fr, 

^H + r 4 ltr tr 14 f+ H i& R fif ,'fr{ 4n Ds EF 5 EI El

/*rtro

ffi +xfEl"at H ffi f+fl ffi ffi ff ffi +. H ffi f+-flr+fFtH-he
++Ztrt #R, ffi ffi ff fl!,E ffi =6E +-akfll#*. Uq*!r
fitEf+Hffi (Kelapa Rendah Kuning Malaya) 5ElFirilftH+



154 x SffitH^4

ffiT (westAfricanrall) *tBHH*Hluaweffiff , ,#*HE

rE, R**ffi61tr, €Am+P%3nfr.
qxEI[PtffififHEtr+F H (oryctes rhinoceros, ($ffi

rhinocero beetle )'fE * . ffi 4,-fitP qp Tffi ry il++A fulfrFls.t,h

+" W|L'FX*StHZE, %.NW il}.,tp (molting) f,ffiem. 4mqn

2\-5-+ E " Fl.*,rffi€ffi ilf Aat^+fttffii+, ESlJffi tfi kttry

trl-fiAfftrzE, XtrfiE+AHr4ry.Effi &rVffia "

i&tt (E/aeagurneensrc, oilpalm, Er *Zf,t.tkelapa sawit)

WffiEftf++fl \L*lWL,*frtr., HEKEzsltH" trlt, Il)tt
AA, AHTilf+IF*I. ffi H5ffirH,!8ryft.fl*BI aBft,
tWrlHlnt*fr (+Bryffi U-L.rfTffiffi , Btr,l.nt#&kl #h> Efr
ffi*&H -tlF,J.rl, *ffiflF; mffi H++frEfr &Hffit1F4'nl,

*trfiF,,J.rt,B&y't+us+6-tr i+r,f . mffi ffi EtilEB*[fH

fi' KpftTfif+t, trl+fiffifIufr^*l " 4'rl.W9*tr, 4K:tr
*Efr " -fltffiffiHEK^+,tit4E1f, %)!.LDEU, 1EH*A
E+EE+/\,Hrr, UKfft\ 44r++t.

Wffi EfiETE IE ffi*lTHMJ " ILffhffi#-, WEtrMIT+wR
trrEsl2+frNt, ffitffitLffflUeKf&Hkt#+zryn&. ffi/ffi

fi,traxF,at)ffi HlEtE+Fffi"

Ft * *Wffi Ytffi ?Ee,fHfi iU ff , fiW4't#?e p6 R+tHfi fi,tr *l
Atrq+" E*WfrffrlLg.R W, t&r,Snfl, 7LAEffi*{t"

ffi S; kt,Bfr & ttttuH B'tEfE:li, +K fi - tr * + b+i., E
+ 1+ffi. LH + * *Wfr. " E+frWEH - +6, h D) &xwtiw.,
Bp 6:+0=98ffl tl?t-W, 

^+-tK, 
E+ffiEfi . +H Lli_,
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H =ft,L'E#AmFt, 4Ft*M, Et P!fifiA -+fEr€P!t+
*. TEtsB, 6AB-m4. fif;i$7L/i+tr##trffi++r.f I'Bl

KFTA Hfr ffi ffi R, RH+RTEI." HffiRH!,I.R ILEfr,,IE
4ffi^E€, +XE*+W, e€+HWffi.5frfrg 1.,F, fiEffi
fr€" ruREEfiEfi, 6€ffi,f_"

wffifif trP+lFJ'il, Tr s+44 H &i/[;\?I  Eir tr klif,MJ

fHVJfl (Bogor Botanical Garden) fFfH, #Ttszo45lA+fln
w."

* ZtH.VJ+X+ffi iEl$.l ftt nfi frWE, q Xtr!L-*3 tr,E €+
€Ar4py676snd. #4ePSEffiiH, t-tr. *lLtn#l+*l
ffi+HfrfiR,Ir +ftf 6+{*. q*Eufr+fHklreneraffifF, H

Dura5 pisiferai3 ffi f ffi ff + t m FI . tenera ffi ff fuJ ffi iH F E tt
Dwaflaffi*20425%.

w2oo2+*12fr,i+ffi.8, ffi ffiE -B X tr tr Bt ,H. m t1hz .et

Hn 
^vfr 

, &+=+BfigtH.T t.64Enaffi , HFse.e%[i.+
q*Etr+,$, 2e.4%.i+i, E, HAI o.1%li+$+nff""

fr 
^Mfs+ 

O,Woxyhtq1t, sagophr, h *Attshwnt*lel,qu)
EAffi 7A q *trW{A tr86fr#,, EF+ + q *&ft pft jtr

frt,fft ,+ juffi 4iE it{ z ts+ " fif +fEtt, H % r o*, EilH't41/t.
rx, fif ++*[HAiE#i. H+6Er.fR*[H X, +KlLrj..)fi.
(suckers) , trJkffiHHFIA"

EAffi THK 7 
^+T+ztr, 

t +N+rfr*{Wffiffi,**t
lzff , *++#,% x*,+Biu,wffi#.ffi *\" EAffi TfrtRqfi
#++, I.TH , XILE, E.iE4Efi. rlt, Ztr{tA#-, ,J'



1s6 x frr^tE^,^

alK, wr*a, H*HtrH\fitb+"
t Tt€lxiEfA, trAffiT1BH fiTlEffigfrdi{t" €ffi,141 |

Elrf I0062e0a\triExri.

ti+M (Areca catechu, betel palm , q *A f,f .ll pinang)

fF,#[flilxf+EK)bffi , Hn20*, fr,KryJ,xfr , fif+iil,f
A, KHtr)6trffiqFiP**4e,. Bi+EEii,# tr, WE+ LqE U ffJ

tH4Effi{ "

MD)W+-vffi4frf,rTu.

&ffi[ ffi ffi tHTL tr * ht[., ftLkltfilL&.H jEjEffi rtr[Ell

t*,RrqltIsvt, K  esrLK, fik:F&trA.REffiHtr, #4lI{i
*4W " t,RSJH -ffirNffi&Pr1fr*f " &#[ Btff 76fr I' +tt

++nffi,, r4fillhharecoline, RH'4PlE*1fr8i6'El, il $t:!tt

H, fr? tlY lL,fr gEpAXZ€6 H-*, "

^ffi 
w-i+* IHI+ifr fi[ Ptf+ A VJ ffiffi h, t*, ]:Efr., )tn

pepper ) fr] rg rm,'fHffi i&Afi m. rrg " lfr,lllfiH,fH rffi &ffi[ 6E l/il iAr

ffiPfiWJIR (dysentery) 
"

*rt)1,+f (Bonasus flabellifer, palmyra palm, g *Attr.fttalixlontarl

fif*ffiiH H EpE, Xq+t|fr.,E r't H ffriEE BI ff qr('l'
,S " A H +T/l'l fl *Hfii /'l'l Ht zK E E, Hrt,fif *ffi #FrU + u r )ltr

*.
flf*ffi ffi fif+H|\zo*, Ht.HH)t r|4, fr.1\r6j2x;,,

E++flf+rfr*[tE Erl\ffiffiE. Hf,HiLtrKrXEfr, ftrrrt
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lfiE*[f+HTfr , lfrra6,*1H*[E€fi " R*ifrtr, H4a%ts

E20EX. XE *r+W, frJA 
=F\ZrtHr€PlilFT, +fril#E rfr.

,l&@t, mYLEtr, nE,f*, ElfiUFtfiB*effi.

EqXEu, fif *ffiH4t.1?tr8hi6/ftffi. ^H*, EE
ttE,Rffi&T Y fr Elodoicea maldiviro, #.\.kfiBEdouble

coconut. ie /R ffi ffi R * 6tit, t*fn + xffi * ^H-M# Et iN,, t)J *
E, tr,rrH'lR*#ffi++SfEAftX, trtFJfi.tfi9."

q+rcx1fr.tr#Ptf++4.ffi fr (ftffi drie?A) E, H-
ffiXrf lERffiBtI+. tfr.trftyh t+]ffi, " )tt+'tH.+rJ*+.K

sU-tr+4 aE_htfr\
frfir"R. Rq4++
trHEFiF* " E-ffittuin,

IE,RffiEU'FftA K!ff

+, wry BEmrFet
HiR*. " @ )eEfiFEE+EtHlf++"

ffi B (tltz*ona fihensb, Chinese fun palm , .B *Z f,t ftserdang)

ffi * Htfit+5ffi T PtfE,fD{, HZ\a

X, 484.ffi)$13x" Et,HHtfr.h*, +
B-E#, uJr$i|!, WFXTfrWIK*,.
r|ffiK, )tJ%HfrI), H*FH * tri1l1r
ft|ffi*W" lE4', mtl, fiEi$nft,
ff P;fi^=f{,1'E, X E -+,1'EHEKFI
R*. R*lttrt4.,ffi@M, m+.+liF.
(truss) I. yH*fttffi ftf4ffi *ffiEf6

fi, rtftl trJfit)T#, t++dl 
^% 

" @ ,H*"
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Jigfftt+ (Roysfonea regra, Cuban royal palm)

;l''rffi+/sr&Effi, fif+f€fi , H?ttrcEnK.. 4 hll t,r

#BAflWX, z.frt+*Fw*.. rlxlfiAz{, Kn3x, zJrrJ-ig

frL+llrtJ FXUlli " +H H+*rfr , fif ffi T Bt *SIXiB +?* " X,,j;
,J.f,['El, ffi?I.d"WX,E. A9XEU, tEffiflBHfHTfiXrI
APT'T€*4EHtr"

4i ++Nfs + (Corypha elata, & *Aff ft ibusc\,gebang)

li+ft+til+ F.fH)lIPtf 
^, 

flf ++B[ Etr 
^ 

1.241.+R,

NBa\zo*. rlH{ r}4{, r/)F.I+t Hfft E#*w#watffi ,

ffiEil#-.h-" rlt, Hlfr4'}#-, 4.ntjiffiilX" lLffW,l
fil,#?Wfri, tffi€H, *+nfiTE" 4T+ryfq[T+ illcoryphu

umbraculifera (talipot palm) fliLFKL\fi*, fr,t2y46, y
HlhtHMr+ft*.illiLff"

,t+ +ffi 75 trAffi +-f+, &N + fr t##tEiEf,i.

*Nf @ypa fruticans' shrub nypa, g *Zffi ftnipah)

zKffi BttR*tHjsTiEi+ffi iEi? +, XIfi EEIILHEI. " il |

Kq4se.s*, 4. rrtr+Efr w, i1ffi11#Fil+tL6frwrl+Ht. hl

4SftFHN, frHffi.|fr,l$AE€. R*€.&ffi, Ifiiffi+, MIA

++#L.
zKfq[ B,i ni4fiU#tr Ht m6, 4'W h ill R ffi.84 fri),M&,'4 t

ffi\kltLtrEi{fitr ril u Bt it&atEffi ,}, trJ D_l BHE.

BliR (Oncosperma tigillarium, 4 *Af,t ft nibong)

ryffiffifif+€H, jL+, friffi+*tj. Etxzl r|#, F.t+tr



Mtflla4ffilih{tx 1se

, Htftl4.nl.B*T+. trffi+€{+{E'fit Eft!^fr, HEffiilrtzj<

EBI, HEiAiE-ffiH*ftUEffiaE't4fi (kelong) , HU

E Erfiljle&. tr,fr RH D_l#r. H!+frtxftl]E4ffi kt€fi.

UEMfs+ (C\rr&drlcHaa, sealngvrar&m, q *Aff,ftprnruqp)
E,trIW+ IR#.rye+q*trrr ftliEfr iEi+i\f + " II)t E

e+MdXillntffiT, 4*FMztE++E, EA$&Jt*r+ H HtffififlZ

-, trlkBE+HTa\ E 5f€W+, fi\h'rRtrXtfl Bt/[, H.ffi+n "

g^E* @ar!tuW., fishhil palm, .B *Attrftratukcl,tulcs)

6E4H!++,fi8tr€ -E.llfiE+, HtmT#7L" 4'nt

frtE, rriffi51b%.H>ETfPtffin. 4S{ zL]?B#, fr,+D)

ffiiEfiB+H L. )+#,rt"* tr, tu R*-Efi6,WtH4- "

* (Rattans, Et *Af,tftrotan)
wft.ryuh,t;fig Et,H.rfi " fiffi'uEffi PtFFlu, mq*+

&flUFntrsf]ttr kl +,1.. q*E
![Plffi+r]t )L+R, H+ffif+ i' '

#R (or"*onorops) " ffitrPt++ ll
l

HE.R*Hffi)fttE, ErH€ fi|]

hT ftwBtul'&trffi"f + +.tr, w 
1

ffiffifrJfrzlfrfrlHltt'f+K, +HlE 
)

tntfi HtE*lf4 Er/lri-fl1ti.+rtfit4 
t

,8, HAB+AZL+WFEJT"

ffifi48ffi-trAftfix'l*ffi @ ffi.



160 x fiffitH*

++Blt4+h, tA+ffi{*E4ktffi*+. 2+W. fti{i, €lffitt)r+

ffi !fr W, ffi 6fRf " iXLbRfr ftl +.WW,IR1fr.+X E tr   tr ffi
jg, fiIfitsE5zt)tttPi6dlffiEtrt, trFt#frfi. HF. iB

i+,€EljtrilA, H&A[}A Tffifif, fi!H#'4iH, ffiEilFHffiilEEIff
't1! tE +E . h ! lx.tr E xww, +.ltuff J fr E,y'7F dE iE 4 ffi ,* ftt

K jE*flflt!, &ft,+-++ +ryJWWB h fr*a tr ffi.tuifrR2L "



161

+f €e6t*fr*rl

h lt illh H**1 + trn + x)t trt-, B rf 4EH9l Et H4fr Z
ttjtrf Kffi ,L Rtnfrfi n ",fUA ( ilj*+ ZM FX) riiHiAI +,
i+ fr tfl qE ffi 451 r'I & {L frt Fffi , + )B +x! 1*. h *1 FrL, tErh + +.

,[,Bt4E*51" rt^Ii.It, "HE&ilferEHlB..fffr , 6rffl:B.+il1+n
ffi., )W E fr H #ffJ #h,IBil *, R[.riA ffi *[,}[U fi FflTTiFil n
Zrl " ffi F*tH & lt*E + l* + k! €-ffi tL#i., AIt H i. lEtr{Eutl

ffiWn{. "

rtfi tA iAI + D)W W tul lrtf Xffi 64EU1I Z. EI,E i,L B! Et
h\h, " &ffi)trIltrBtffi,Ut., trJUASlJ3ttrFtHt. :xrrb

\nR2-tr'W1* tu/iln, Zif B Alemffi r$E.448 tEhtrE HtE
Ht*'j&,t, 64Ul\+BiFJlnl, &8411 l*EffihL_LE'ffii * tr
*v7EtrAt0633ftrXk!*.*"

AB-tEqFtiX.t

btr yw ltu *+dJr fi *E{il Ht, L' ?+, id* + ( AEeil if; a f/Ert

ffiWJIXI*IruFli> (Formation of Vegetable Moutd Through the

Action of Worms) rs^fiE" lfuffiffiWilllft.B.\Lk14+, #7,



162 x fiffitE^'*

ltjitfrklrtF+, F,frF,fr i&t ffiWAffi &*FnKrf ffi H.!* H. lx
e+ )r"*l^hrh, !&*T w, lfrn vJH-ffiffi,wF_*.il1", & E t:

r*,'fE,,ti&+ffifl\\rt. :gmffi+dtWFfi Rqg1i#g1Lft h, tt,

i+ 4 H + rir +h H L Rffi )it*+kfll "

4EAiltr+qifi dJ+hl1 (phylum Annelida) " 4,fi^fiVJH)L

{tltfE + ErE frIn{d.firyt4- (metamerism ) W-dJMJ, fr,Lfr,|)
ffidt frJ ( invertebrate animats ) ftiRiL EE 

^-+&H 
Ff tr ffi I I.

,A " Ffi lH tl fi W*, fttfr -r.)r +h 9V/6 fr i+ *B A f E,f Dt Et *[ )t Hi
mE[" €+#hffih-+t6t (metamere, y'Ifhsegment) 

"

'f4i55,6irtgl H ffiHAffi , i+t 
^*[*$B', 

ln'tffiW. fiFiE. .i4r

%4fr,k1 #8, A[fq,fA=FE F.tlFrrllyfr .

Wfr-dJWJtlh -fr, A\*+iill (Class Polychaeta),,ft*

dMJ@,ffr!')G (Nereis) #t HLN (Class oligochaeta) , ,ft

*dtWJEHEA$l; $S4l (Ctass Hirudinea) , R#6)t+tJftn&f,,14,

PiEB4. ilffi+-Xdt+rJ.
{Es5l 4r}t F#ffi {E&llfn zKffi 48491ffi ,t+4. -fltffi +EqEedt

ftl'f 4&t, ft t Bi {EB9l ciant Auskalian Earthwormnl K:t:. :
X, &KTi4ill'lH*ffi Y (Gippsland, Victoria) nEixPtLl*
+ " H-[,HtEfi.ll (Lumbrtcus terestris) 6Ert3U25trXktKE.

E Z, zKffi*84$hEH,f44+i 4', Ht1&ffi H, *W&tKElfttth
W*ffitBil fr,R, DW&tKiRffiiE +xE " Hffi e%.h+E!qrr

ilil% =+ *tF, ^s + v! h z= R+fth+E*EH9l .

p#ilE{E*$tft +trExE, +g uHI* kla ffi.rhha, )L

lEiE:t- lE6ffi . pA f ffiAffiyh#nl tlffi h Lil, BEHdt&, tE4
fHA. rtfi tA6fi6JT4Ee$lBtn,HrfH}I,, " BfFi6&Et4EHilr,

l+, ilfriJ?-ffi+W+lLad H, &.tr#FtfrTaAildx+, ffi lE*rpi
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rffH" " txyfriHltE, 484$l6A#if.trtfr'r+T,8, HAE
6x, +/try.txflrh" dJWJ+Xtfri+, &[4$t€ El ErtrftitgA
vJ.,tay) q 4.#8, HflFitt4z,Htr54E4il pt,f4EfE+ 

"

qE$Sl fi!rl.*lsVtTS

eEuilq fffrK, Er*,MiltrEfi , Ar,fB&H. aE*iliq

6T i+* ry.flPtrl-.irmFl " lx,LbfE,f4Pt,f4=FZ.lElRA tEy6
(intersegmental furrows, y'Jiffisegmental lines) .

-fltffiil8{8451f,,11*fr WH$*, trJHrtxHfi , glEkl*E

il41/6fr^lt+-He - H=rzFl "

H-+WffiPiWtNXfuVJ, ffittrHfrf (prostomium) " trif
+HAWWffiffi, MH A'1, RHffiAflffi*ffiAHE. 484'Ift! tr

lft E+hktrrkW4X,tEffil€ztr, rEltHffiflffiltfiFH,f rl..
4Efiil ffi 'fA# f; j. N.fr ffi, ( epithelium ) frq Ft kl E ffi.lilF,

HtlE +, H-ER ffi.E, trA ffi rL,f.66 rKtl Xffi.*lIFH " *[A$l

gTPTEIJ€, HIE6EBIAT ffiMFX" E8I€EiE++ESUtrffi
ffifltlF2-tr, E|J+E (setal sac) R*IWMFXfrflE (formative

cells ) HEi|jfl' S /LTtrXtr{Eff Bt E|l€. Eil+m6,f4& 
^ 

Hirti

XIl, (circular muscle) E^nn" (longitudinal muscle) Hltff,fFr&
Wffi , Dl iEiHrtffi At'&rytu&*15lliB. A Lb& frJ+xl}.fiEfiilt"
5^frit"hw++[x6rtflfiA "



164 x fiffitH*

Si *E it E aA Yv4q' 4x

gE45lrl.B[E*+EE.EE!++'{IEfr }Bfi 4qWfliklkFHffi ,

fftKr4ffi (clitellum) . q.ffi EAE*dlHrEr'JPt+q*$B, H&

r'JZ-HIr[. eE*ilBnr4iffi+Affi&fifl (mucous gland) . 9llHA

ifl'ffi (cocoon secreting gland) &trEf,fl (albumin gland) , :8
,tj W+ *1 h lil MJ HH ffifriJnHE 5 ffi 'f* H # kI h frV. .

q[B$l H*[ + +r\+-*+ - =F I'E] i6 +iff , €f fi lgl YA A
4,1L, tBhHTL (dorsal pore) " HTLfr5&r'JHVWtltilfr/6M

w, it{i,fl q,f+ ffi *m, Eft Effi aaffi 'fr + F,f]ltfr tfr, E r'}a.f!]

+{84fl nm q% }e fifi wr,..tE H "

qffiE

IHHE
TIffiF

-qpHftt9EH
qErffi+

ffirtEH

Ei'!]Ef,

E,HAfr,.@rr
@ [fiEqitgl Ef*t]trE.
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trBf$|JNINffi-+H4-iBtr, Htrffi. [8. A€. HE. E,,

ffi (calciferous glands) , fr?t1!ilfiffi., WffiWfr.*ktf51Ert*1l

+fi F H'f4 rl., D)rE# /fr Wtr dr *& ffi mffi +Ar " tr rkqE*$l € ryr +
+fl m'H-|r*. nfr Fffi AHV.ft,WAVJWB-'IEF, Htr HqDE fi
A w) #i, fr?WE frr E lk4 fn " E &t RH hfl{,{, &iH,ftitfE +
,|ifl'ifrtiffi (amylase) fEEEffi (proteinase) " WrklLEfr
frF,&at U h til A H * ffi W* Vl lH lLl&., H Hr + A W ill lH 4+,tE ED-

tlt.

{E4rl H!fErli 6^R+tW1Hr\fEr1i, H,U'flE. 
^tuH. 

4
trr Bfl + fr fL€ ( capillary ) fr.i\, lX.,Lbfrr € +r|,f-t, H A m( 5
ffiW" 

^tutr8+f;Hffi+4ftlHfrr€ 
(dorsal vessel) flnE*[ft

ffitrrH (ventral vessel) " HmHPi€E&XII6]Hrt, #SiEIt
t&ffi , HE+frr& H tr E if ,iilil, 4)$ryr'J H +f tE-E &ffi 't+ffi

atuHfrfinffi,[.fl8, #-4ift 
^HEffiAffi 

W.tuH, Hif Htrtr
ffiFffirelfrdt" €4EmHEF!fi, E4'{EW+H. fr+fiffiffi

Ttr
t7

t'Mmm
FF

E
m

f6
il,L. ,i.
€* *il4,ElJ

EE
c
1E

A
lE_

fltl
.tu
H
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ryrx.*sB, ffiH9lffi,f&

*frfrW+frfrrHHtE
ffiXrt{i-1'f4t&"
fr.i&6arrfi.]*, f,

mmKH'etu*Ea
(haemoglobin) , fl

HrL@," tu*EAffi.
nEA*AeWW'fl"
D)Hfrffi,Wrfr-. trri&

HMfrE

E=r-E

EEMH

MTfr
1\tJ#24fr
#tLa

i+r4T-tu lr llll'E'

+Effi -F.Fi . H *W ffi.. 
-F,4+-ufrtnftiflt 

E +tJ, ffi E,f4*fr'5H
(renal tubules) s*$-8, \4*h*w, w+rJtA|,11Ffr/fril" Ht-b

*[4il4&KPteFr'IlE] " fifi ryelFHYLm, + H#ffivtHF"
r*r&fKftt6EE" iEKftlN+rttr, HT*trfXzK, 4E*dlHSlJa

*zLwrq,"

WE ,;cti"*f'B AsrL

4849t HtflFiua fr,+*frftW'EHr1 frt "'5HfRK, bfr r
€-'fA=FE, ft/d.HfrJffi -ffi€ ffi +Mffi'ft a, fi'E&ft,ftiifE
W, fr-ffiE+tr+ff*H!'g1tL, frVWEWJH&+1Ffr/frfi " +i

Bi'5 € + tr + Wr e. frJ, )LIEMJ D)A B,R thill trt *,ffi 4 E lnt & fl t,

iuH*.
4E&ilEf*rEHRfr4, f mr}ffi+# E+trlffiffifrflu, EN.

fl**ffiM Ft"*L^, RAffi {;ilWfrHfr],hfr?, 4 D)Rfr,946Hi.
fri+.mrif. 48451*8tr€')LEE+$ (photoreceptors), E$/r

'fA)t, 5Efr,i!*"ly{tAi+, HEET4E*5IE@9E)b, ft,g*rf4\$i

@ ffiqilH,lUBZtr+F"]tr"
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E.

BE4dI t t[ErE tE 4fr W -dr VJ, €,R, AE{,I fitjE rE,tt E ffi ,tt E! erH
*S B, f* R[Hffi 7 5 qF B! Fi *{ffi T lE, tr r}LU' rniEittm*ft

&-trf , "g,fn+r6ffi Bf *I L'Wl*ft frJ, ffi *ffi gFEtr +EAA,
ff tr +'f+j5nE*[ frt + 4 . HBf kl,f415 H Wxt 

^ffi# 
( seminal

receptacle) , 
^rfitrffi#, 

H*E#tHf,trklffiT. tE,l+HH

#sB@,ffi,fnTffi HE 
^ 

ktffiH_rf . ffiffi +_rf . Ef ,uxHfEE

ffiE (seminal vesicle) " ffiHPHHtffifrffi,, ,E EX#*^
&H, Mffiffi?tr, H*+&SlffiH*, iE:tffiiffi+frffiffi€ffi
H.

*tr+EE r- f{.Hts

4E *5t tEd r.J, W + q ilED)EE *F H! ffi ffi fE rf , 8, Hi E iL u
*. trtEEffirHtrtEE[fi, +HHrEffi (rliffi) r]]z,H!+&i,t

4,ffiMFlgtt#.

E r €sBtH!.Ee,. M;/ "qA //n@,. / 
-'<-/q/

if^qffiE

t#1'*+rHlL

A 1FE.ffiMFi"



166 x frffitHft

tr [g ffi 7 Stl x'J n *1 #Jffi Htltr fS rt - 4. E-'I # E 
= 

4. rf . fi Et'n

wffii(wl[+*Ltr, ffix*frHil6 E +H " 9F+tBtW.E trfilfi
Ft F&, r1-. ffi + Eriir[ S ffi ffi *li&-ffi., tffiH tr M FXWH)i Htffi flA

€ (Af6HH), qFHEFI*{ktqpBp/y.'[E't4&rgTLfiFH, rtA
ffi HH P! . ffi HH ffi tr trr4ffi 'tfr.*,h+, ++.H,'f+*ffi 41 tr rE I/'t

\ )L6Wffi& " 3*frffiH&4t4,ffi*tLFfiE kt,fAfr r.I, +Bf xl

H r\, i Ft 5 9P kI R l+*.ffi " tfi H € ffi tr r,\.{E*$l Bfr ijffi nf, # h

X, ffi*+tm, trFftflFH. (cocoon) , HA*.}*E. €frpjl(

tr E Bp E Fi4.*EEl, AEHffi U, fiff,*fi tuI Hfr mffi . 4E$51 d(lL(

tr^%x+A +xdi6Ej+1rtHf,, *ATtr4t"

-ffi iBEE 31 t%48%E{R HH tnW ffi. " H l[L+rJ ffi.tullL

X i8 H,ft,f ,J A ffitrl kfr l+. t1F tb+rr . rhB VJ u) D. H+n tuI r tfr 
"

t&ffr.+W, FrJlnfrffi . rt4Hfn HH + kll9.la* fth ffi J
*mr-W-dJ. f*Myffilf, \?zWtLFXntBiHT, @tfitHtrn'#

h+klar. ffi. ffi. 6t. f5. ffi+. f m, HtrLwJffi.+trttl

t+. ryfrffiffi ffi , ;E:tr,y'rfrti%fr.+w7JJ+rJ6,&. nR#, tHtN,

fThffi tr,'M.+_+nhaafr.-b\4d NL+htLh ffitE ffi " #h ffit

atnryJtul H f*?Erl-'tfE + , u[4$t Pl,ff Hffiru T H,fe L#d]+n "

jtfi I g+,ffiit, €4HPtfrffi *.H+ nH En = + *frfruil,

6+ H 4E$$l U 451 + E Xn ( worm casts ) *l #itffi fl A.tt E't Jyi

t, lt*t4 $wz* " u[#-w.+.vJ+xi fi*ifi Iift,ffi r'
AE*5tPt4. tr " A*8, €-#tr"HlehH=Hn *Milil "



#+tsiH!*E*il x 16e

AHE$5lf }&iE--,'f+

ffi + tr+#.rfifH+fnrKtrft ffi#ffr (4841t#rE&^) ( #
Euffi,it) , -flt++E€+H rrs#ESTlAm) H+w
rr8OAfiEE,  4tf eo%D) Lyaw,ffi Ail ffi  + X+ EW 6
A" H+*EHdlHltfix (tunnelling) Z'H, +*8il8ft,t4#?+.8
#jEIr, +.j*+ ffi e^rAEH,EHsxWHSt)zoy,, 8630%" t
**l+frlEW (capillary action) &,tr*E*dl HlifrDlffi}Hl:n,,il.ffi

0e fl- + Erf p+ N' E H.t rI &f n,fft ffi .

484$ltr:|i* + kler'tl!, frWTEdH +nwwtr tlffi , M FXffit*

ffi*E, Er'I'ft_IH+F,H!,H.-SEEH, JHtrntHfET: " + E

trWfiilffi#kl Kft#ffidrWJ+>> (itxt+Sffi ;i+) + BBIH

*&itrBE, Al2c B-.148491trff:6 - Hfrrfr+ffit&, N+rkW
E fi,,H. A E Et 2s%M ffi6HW.*A, 4s%M fi\fi " is R & € + AE *5t

P&roEH Bt[HmHi+H, #El*t,frH - Hn *fifr4fj:, ma[*$l

B! Y r! 6 -ft )U - + *i+ H, eE {dt y }g € + fr?. h Lr#.w.t*z t 7 

^,Fffi{Hmnsx+"

*wH )ilL ffi. + ffit ffi R*A tr H! VV,Mfiti h MRty,* Q :

N ratio ) " H ff1ffi.Etr*.+VJifrdJ*1fr2d8, FrftrLiltw.H+nfffr
lEHi4F " r.W+_yr|+x^h,'M.+w@\D,ttr..-thRr, tffi
E IB r'jry& E_$ffiH*-et6 E g frB@,, D)D.tHffi _+ efifr.tF

t eft ffi A Hi 6E E *rE " B rk,'M.++h )tli h ffitfr drr'jEf ffi fn

FffLffi, HffiRvv,4t#.hzs:r " ln RMF'.Ly,4JilTzs:r, H
ffiW rl ffirY'tr, E r.Jffi & +rJ * 5 lF+hEt i* + ++A F . AEegt

#Rtl1 5 #6+ WHTW. HffiRk1ffiPn kfffft, W'a'Wle



170 x Sr^tH*

E" H+*nBllffii6a, rcffiav\4wQ2|:rzT, trtJ+'M++n

tlffiHfrLffi., hlEMJqt *+c'f*ttrfi,t. *4HLEE' iA

EAE&$t, ler*tHi#f trHEftAetrn "

W.frh*.R#ttufrdr

iL El E, 4841t Ht^r#ffi E ffi ESlJEtr, " UwtflJui/,t'l t,fr[,
;/'. *fiiltH r]tsri   Tt,d# * 7 Xftlilll G x 

""i 
a fet i d a,'fAfr fi ffi 4$ I tiger

worm ) *In :8,EXB t| fi4 H! ittU + + A+if #?+ 
^ 

6B.2 tr, +
1+ *A XM+9/Ari ll #X4T)uffi A+t ZfE6Zi E. ft q*tr
I[, zt{LEH r\.f-a.rlfrW,frWft+- (ran Dek) mAafr fiUE{$l

+rE* +, ibftnfi n+v# + }H H, A +ft, * id t*[tHrFrHHE u5l

k1fr98, E-'M* trffiffi lti,We ffi +ffi & R. rx'fnEE dt]dtffi

4fi *\fraria, + Iee6+r .i4tftju#ryffi H *lSaE,Wu9l, /5

EllHBil, aruffi EE Nrt:affiH Ltr, TIEJ+S,E Effi :+F
+*84il Ufl E)IL+ " *+ EHilil-fit,f4KlrT: s 6 r so€X,
,f+fi36s€x, fffin )\+6-H-++, q$EsElflv, l4

tuWr7, &q HAWAMJSIIiH Etm ilhrrt,Etr . Aq*Er[
Hn H#rIiH +, isfF&E{9l Pti6MHA, fE 5 rEA, {EX+ U Wffi

ffieRHt+.
q*Etr&iLEtf *& RA #tufilith#y$&E4dl , t*Ert-

b afril *l,)tl Rfiff f; f r ffi E rxrfi # rE &t " tee7 +e E, Ly\tr B

^w. 
a #t{t r#4x/ t+ /L+HEHil, +qtr+ J h q fr Hf i't'l H! t{t

*& #,[', v)fr {IFPB ffiA *Afi,fflffiRtrlnfifr*
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ffi fl IEftt*&l,TEE, Uffi f+fr++iEAmfi ffi f-,lFI, HE+

tr +,E Fn Fl, {4484$l Ht -8, tr H6/\tr -+A+, rtEs I 6% B'l

,gK+.
mE, &i-tEt *ifr H rl',effi  rIE^All ( Lumbricus

rub e I tus, (df,ked worm ) 1t11 *rH " rrE-illl W t+ K^ + s 0E

ls0EX, t6fr,44.64ir., Hh+4=tr_++,f4i5, gl+E
WtrW, tr*[HfEH+, H*Wfu* ffifl]EE}I,, ,rE41lT16

HElhqtry+rH, Ftr trIHAElhqfE E EPt+]*m'E&H,
,r E BdI rt A H + Ht HieE E &&ffi ts, D)W. liiKr&'\F, mt?
,l&H"

Fifi fl 4i/. X iF H **. H! ffi €,ffi xHgl ( P erionyx excavatus,

{Affilocat blue worm) RHtPl..il1H-triBHE" 9/6W.K, il+
r2061508X, l4@E*q#tr)Li+B!ffi€jEx{91, 9*r{h\r
H, FiK'RE" rfryffi€ffi 7teilffiri*&,t&.hffi n, .R,ffi Uiffi

ffi B! + + + iffi 7 €' 7L ilEl H't f -,1 f+ *, )B H q H T pn iH ffi 6 H tr 4

Iqft . fff Ef E,B E', d!,rj + j&,48[$l Ht HEH * jtlit E tr rH "

E1 Bf , Jh.q*€ E+t44Ekll#r*rrr, H + ffi+ H &)tLE

Wl*+t*WU #1 #Mrrr,'fn + }9 H m /fl Pt i4 I fr[ iH ( rambun

Tulang) , -+'ti+#+Ti'l'lH'!/tt&H/R (Kuala Ketil) , E-
t'{n+&r{{ P! JhiE ( Butterworth )

48fi11 +rH trJH fE'T4+#ffiE r tt X j+ fi , fdf+& HI Bilery



172 x fir^tH^4

tt D)W t*. +P Ft + . H + e, * 4E *, I r'j H K rli H B.t i6 D H ?ir H tp.

)\ffiE*, trth, AftAfr6;tfrTtj-'N#rili-'ffi , &*tftitTt

E. X triqfi AHmffi tE{tXts5f iS,l+.8\&RZi, ffi zKi,Bt

^ErljHffii?+" 
*Ee$tktrx&84.,r*q4x. E Ffr,flg+ . H/*

LtuW,,>;xe#. Elf'H + Hiffi tub , Hfr.H?ffifft4E4il#rEtf ?+S+
rhl*tl-,*.x."

ffi fi Ei[ t 4E45t rFrE E+ 4. fr lJ t Bi &f f aiL, #h]rFrl-, H

4\ H4if it# ",f&,ffi i.t€aFffi e,ffi xedv\H *.n w+ *, #
h20^ frw*il (q )\n *) € BlqrE2o^ fr +x, HyEaE,f&

HfiLE#+n, ffffifT. Exf+. RE. +H. W+. ffi*rt&
+xEEA, € E 4&fte91+l2ttro4tz/* f? " t*@zot* fr **2\
ffiqffi2+H, €a\,F*$l+ EffifrUt1llBml.s+*, flFtaEE
+PWUilXnEl sa18+H, f,lJit{4rl, "

s5l#Ee+H+rt#h

ht #{E e$t E # x pt # ffi)n .,fri tr49 I * E fi' f/L & iLE {* B! fl E

x+z-"-BxtrwatilEv,lfit+htfi .trZ\*fl +Ee-t{tn#b,
HAeirT'

A (N) : o.8Yo

m (P2o5) : o.5Yo

ffi (K2o) t o.4oh

fE (CaO) z 0.8Yo
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ffi (Mgo) : o.3yo

ft (re) z o.t%o

fr Qil : 61ppm (Hn?z6t)
ffi (cu) : l2ppm (Hnjlztz)
ffi (Mn) : t43ppm (HnhLt$)
fiXfl (B) : llppm (Hnl-ti-'n>
{E*il H! tr E EAEH, ff 6+48*il pt#Etr a q fr /68

(lysine) . EAm (methionine) . &rhfim (cystine) fl€
fiffi (tryptophan) SE*fiBmffiAEt[BjEqri+ HHW

tr 6+ H! A E'# ffi tr rii,lj n * &@fi! + ffi AE . qE Sil trI E t+ H. €
ffi &ffi WKtu@*ffJ#h, W l/-fr/d.nfr tsc4E*$l Hi,H, rf EH&
R& 5rliH,fxHa[t€t4ffi.



174 x fiffitH^'^

+l*161r tug g^

&fiffffidJvt+, EE rfl+Hfiglf-trEfttrti jE 
"

)r[ffi +VJ + x{fi i.t, A}S e'Lh X*1 6)r Yh 

^ 
-H fr+n ffi ,

tr+-tr -+n+*rJtt'*.TllZv!tu1-dtW* H trB4 (class

Insecta) . f;+trtrI62H.4-tsttl.l*fifr, -W.+ryJ+^fi[tr", Ib
r'*t ffi ,H,#rt = tr n'ff+ 8,.H, "

fr Ef.ih+hl] ( Phylum Arthropoda ) E+rE

EEffi "fl" ft++dJil\*My+, _t+*[ft] "fl" #7F

Ag*^fr , T+B[ftt " VL" *8H,f4ffi*trt.,I D_l€ ffi lq1i

B!ffiX" 6+Hl?insect, HW+hi hEinf[sectionil1m5,

section BF &I#. BF r) *vl.- fi . E f + I F Ff H H /64 fifi *1 -dJ +n

A[ E E .*., Z.)$ E E, H! itrft *lr {RB 684frfi A+rJ t1 ('{rU fi A[4,1

+) i#ft,mfi"
&dr+htl#++, E.H,E+fr&rrt+hn, ftdtryJry+ffiX

tlwa&.?kl- n " 1rfl{41wrllwHw+N5 Lxillxa?i#
t)J,



6IlH!E.+.UF x 17s

ft,t n (Class lnsecta)

H /6ilh*,, flqfEnE=*F. *B[fi -r,]fi*fr . f@*[fi fi,E
=rf. ruHffir'J. 4-r'f. 4rEro. ryry+$Bt.f4w.^k1a\*.
ftH (tracheae) 

"

*lffi gfr (Class Arachnida,,if frf.W*kn)
I /6hh *,M (cephalothorax) 5ffi8*[" *ffi*ffi'$

,gruxt, U@" ryrx'+$BE-i.Hdflnff (lung book, y'tiflEfi

fl).

Y F.4fl (Class Crustacea)

I /frh h *,M5ffiffi *[ " *f@*[€ ffir'Jfi&fr , fi r'Jt,,g,

W*nflHfr4 r'J=F,8" Iru, +4tr?ry+$'BteB (gills) 
"

fi b4. 4 F ft dJ VJ D) t+*WaX. "

? frfrJ (Class Myriapoda)

9/6tlh)k*r5trK9[+. *#A -rffi*fr . Uru. ff+
j}fi, €15fi ,B-E-r'J, HSHEZnX.

EHr[,fri ryfr dr+rJE*Tfr&B&, &.h )v*sffi* E :drW]

EHMru+ffi"
tr E Bt iE E H2 h'4F-lE, tr rlt A fi ]F H f iZ . /t\.it Y4 StJ i,

* dr vJ fit*, H# kI *',+)fi ffi.+, fl, &ffi *A\Wrn rE j&F i6 " E
&, rR EI HE E X!, rS -t E + A t + \'41 *1 -dr W, rtr+ K fE[ L kt BE

h , +fl,HfrV,Fg&,kilr8ts. ,&EEi*zK+ H f txE fi+.z



176 x. frr^tEr

tr, R.lifftEEtr+f EET*. *fri, HZW&*WEHfr
H! E -*, *p I F H tfr ,)' . +l + XB +C H 6 IE Pt rEiA * tfl ffi iE i+ it fi '

E,,H,Hfij Bt tr B, fftlin, iEiHfl HA{t fl, fr,T D Hf+, iEi# ffi

+ffi €- E, -H,, iEi+ Efi 2. 6E t E 4,,€t+ H& t lgl E! t N\HYTJ

+. f m, ia*j/[,,H Er'rLt*+ Ffia N+x*,+l--; EV. "

+4AFEE,r\ = *l],]\

fl,fr^fu1gt+BAEIUTIEI*# thead.r . n@fl (thorax) fil

EE*[ (auaomen) . ;!*[fr--XtEHR (compound eyes) .ftl-t

HR.*\WL tEE..+frAffiW, ffi*nWl$tu1Vt:lttlf E . E -&,fl  +
ir,Hi&t H! E+ E + t\fr28 n q nx ( Ert Yfrrffi t ffi ffi

/\+Pt=lHc, ELt, ffitnr*, m E-*,8! = IRtuF.a*. fr.tlg.rf
*@* )Lfi#.rl*, tr,B,6EA4Ui\* A HPETSUH!fi tr.

trAPt*#€ -xtfi*fr , E?'*I\N, tr€ fi{fi 5 uFfi H','t

rhfr?. tr-*,H! tr+$-ffiEry''7kt*rrlEttr. Ttr. T?n&

4'ffi " &)fr.lL,itfE+, t T i6M-&t+Z.FJXft,,*1H +n, tr,H.

E,t tr +$FH T 4RA PiEF, H -tr HIA'AFAHF B! [TIffi ,T tr +$, q Ail

(horse fly) il1#t1t)Jhflilefr.tr +*, 6AEB'1i64fl ,t tr *$, &T E''J

*t] ry.rt tr +$fr eiEH ffi ry[Hfr tr *$+.

trBE'!flq*[ H - +4fr fr.Amfi ' Bl]ifB& (prothorax) .

Fn8 (mesothorax) fuEBS (metathorax) . €+Bfu.F&A__x'l

,8.. tr,E+Ett, TEAryLF^.



airHIES.EF x 177

i+ * fl,Htt KZtr At\Hru, -ffi H + flEK H ffi Hif ru,

trMK$ffi,Htr@, ,H+fi EA@" Afi+5Et++lX@ H

( order Diptera ) EB,,R, E ffi ,Hif ru, trru E iBtL,h +/64tr.
tr+HruEI (Order orthoptera) Bt(Ffifr, Ef@/*KStr, EW
'fr.r ilHffi., ffi rt r'f FnE fi +f a +Bf ruzT "

trE B!IE*[E R h+r]t++H**fi5, -ffiAA +e+-
t" xffiAfi-ffiiEAmfl.Hrg+$" ffiEEAFqp*$, mffi.H,

EAtHd,*$"

EE Bt ryet6 rfi,fr-1H rE fr," Fi, II 5++HfEiE,'Ma1tr
bfr + & #H Atr4\ffi fr frAHP'H g, rtfi-a, /frn& 

"

EU I]] ,EflI -T--r-r- -

WLwxw+n
EA EIL*fr

F'DEE

Brl[1]tE

@ 4#ft3h891.M"

lr
ItE
+

lL

@ ++{EfiE8*t3ffi+6.



178 x SffitHft

tr"t&€)+=fr2*.4

EE BtmWiqH tu{&.fr, trI}L&t ffi F'rcffi . tui&.ffitr,

flBffi5Et. EE,f+i&+HifiFAEtR,fft, f mAHmeEAr
++ ?€frri& + AE ffi -+E = +'f*.

Ets UtrqH!*.B#ffitlHBB (exoskeleton) " EiIHM
h gEtr E pffA +ff1, U'f+ffi /6trt8fr*H# I /6&+*Itl " H,

ts tri -(,fllllt++ friJH)L, * +4#%il ym4l A4UL H, 6E'{fr ru'R

rt+ganfl"

firt
-x- /D\

ft,HW Hfr ME*X'*W, Ary.ffitlfr KtsH5llfi E. ffi M}

W., ilVI*EMNE +qt+HeEtJXl ftA 4L, EW+^f,trrxf+

U[*hN6- (metamorphosis) .

,E t,s
*ffi 9FWl+,trHKtsH'StJFnE Eiitffi +, qE'f46ffi Jgt,

f*m&ffi&:S, *1ru\XNtX,*Z^Hfr H, ffi)ta&tu ( silverfish) .

r rta t,s
Ft t:)ll*tfrffiMt\' BpffA# ( gradual metamorpho-

sis), AE SEIEM#fiEIU., &i6r1iHfl ffidtrfi-++,



+llH'!E*.EF x 17e

R ft.Lh H t6M#. 4','E *S B ttr + EE Hf!, rx + 4ll -*, ffi t # E
(nymph) " WWleUHffiRD)W* (wing pads) EtZ#H

ril, ffi 't+N.hmB r.j/fi + MdLfr?\mffiruB " [gE Effi A*
tll+lfltJ"

fl*ffiZ(fr+A*ffit+A# (partial metamorphosis),

A Hffi lt H#fli# }H'nFJ..WE#, ffi ,H.rl-'HeTfE E. rs+
at-H,ffitfEB, 6tl9n*P'ffi (mayflies) 5ffirc (dragonfly) , fE

-H,EzKEHi6, tr**Z{t++EU" AtFnE Ztr, t1tlHlgtH
i6.

ia{,s
FffiflFffitbtr, ffi9.l4:frA.H, (larva) fll&ffi (pupa) :iE

+YlWZtr, thfrzHH h it H. qr H&M*5Hi6zt+rEq

H7L, €fi tt+, Xtrffi"aH+, rffiA*frkl+q.,, Erttfi,L.
ffi5 EfH. AHIX,HWAZtr, TffiMP{TJEft,{M. lr.Z^HAdJ

HtlE,f4. a|Lztr ffi dt4,fi'ruFEn fI, 
^fr?RFIEVJ, 

H4.ffi
r4'ffiffiffi drrtfi &, 5 r, Ae.ffi ft 46 E .

WffiMW'Hf!1 F#
E TX{EHIEAAA.



180 x fimtE^'t

THH,Hruq*468

fl'AAaWilt"F.fE{#, Etr t trE ar{6m8fr 1F*-, fr?,}-til
*f+E&ffiF (brain hormone) . iilf{ffiFfiE*Uiff EE HlifrE@flH

(prothorax glands) FHAfiEitrt (ecdysone) " HHEffi*Hi

'fE H E{,Eit E E 1B$ e},8 tsH' FI K' A# Ft&E, &.trXl tI'h FX

fi

E 4, Ht Efr ffi FE il Sl trr&E, fi,lE lfr.A A Efr tr *[ ffi

tEEflU'f+ (corpora allata) ffin#{tFHlX'-A'ffiR (juvenile

hormone) " r8f+ffi*H1reK?,fr,2ht+kH WHKffi , +ff.A
HWr* Rft ,Jr4, 4 # E Ht ++'tE . lRUrWRrf fi E E rF H k! lf "Kyn

*rE{TEHfi},E (molting) .

i+* fl,HEFtKi$f5+ #iEiEH,'frtltui*+4/LF' H

+wi&'dr * w E-'I,l+ ffi , Hffi +* B rE ,t Fi F&, dif + rI, *ffi h ffi H
( diapause ) . ffi H ffi Bt E, E ffi {+iEffi lH X.tr t'WF.iEH tsE'

ffiK" AEbffiXWqrB., &HfirtfiH.Fiffi' triffffiH" #W

ffiy+tfr T3c Esc KrtAESn, HEE+EHEiHB!,1iH+,
4mAE#i64, *trx4|LhFnB" #4HEZ^t+tfr, {m)6&E

HBiffirliffi + ffi4ffiE i+ EA-+Z^. ffi E PtH E EF.i+-*.

,IJu'H!ffiEffiFfrrl'rFiHtrH#tn* " trrlh#Eki&RH X

'fft iH&!4XvH hffi H'HF Bt'ff H, EI U,H Ir €4#6 kt'ftiffi '

WII,E,F'LE"

E Ht tr E & ffi )r fr H, fr[' fL frV'W )t 11 +'Y* +.tH

(parthenogenesis, y'5ffi7fiffi+.rH) . WHZ, flF+T,ffifffi
lE H 15 frV, EH' Ft E . ie f + A ffi fi W fr'frlP 9F &.W Fli4t *.ffiUt
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*, laffih "hL,.+ra" " H++t4HrHH!tsqFtr+=l*1,4,

& Hi EiL, U rt*+ rtt triH H! tr,ft, Htr.fE++tEE E'f+iA*
t+, ft +frZ;tnHlEeEftl4 "frW" (cloning) HA" brlln

WH, iI//lhHW, fiWtrrE't+flU'E++. firu. firufi[E
tE'Ef, trJU E Hnif-&ff tFWffit:lsllq, X tr+$*|JrXiti&, f
tr jtfT+,tti*'tfl. fiwffiw HM...*-w&tRrLF&w#fr+, e Ef+
D)ltlE+tflrtrttrfiitr'ft. E+,,\'HiZ 1l\X*ft., ME. &
T. ffi H@EH'WNAi,h, Bp flE-&,HEA'[tFitfiE-4,, /ffi H,1U HE

+€ +U,h Wtr. A ffi *Effi 9rtHAWb*, + H'is.H nX* +qr H,
)ZffirtBh 9MHIH (polyembryony) WAAb, lfrE AtiihlEMJ

trEH!frEil'.

B.+.rErT&+t%-fi

a/\+EE-q+, a Bftt E,Er'Izr+t%+f PtdEi^ft+ 
Zi*mx" +BEf\*IR tftffiffiB]r,, fr[5Ae-&,E*" ]FJ'r'l

+ 1 e80fE e0+.ft Ht tfItffi , h T js+ il+ 5 A fit, ilH Hxt lE vJ

mffirffitEH+-++*Pttrtr " BtsreB6+, lFill'l,tffiffiA

+ * + BXP,$IJ eCE'fE *. &g-H,jtH r'J, Ae#Effi trt ffi fx trJ]t

-+*+ rt 
^8, -f&g#+€ ffi,i+'fZ.F,eCB,. HTf€Bffi

H,RH, itH r.Jrbma^f* t tr j&EE. 
-H, FH Eq " eg E, 6E++r*

n ,T+t+4.tr'J, E-*ru4.r.Jz^Brul80/A8, rlya?E
ffi ffi Ht ri fEt E :14w.^tfrk1 Effi ffi Affi tr, EeF +frflf 

^fi[tr$tl+1fr, hal^fr"
fE E E B'tlEn El-&68'fErEEEErtA. + Ef++A BE+



182 x ffimtE*i\

iEmffiffi . -(t[fiil,ffi . Hdr FEffifflfriE,E&+jfr&, tEHf+
-fifiryE, + tr46tr+r.], iEAfl+4Hffi'tr58ffi'ujt^
fE E, Ek+B-'I4,JHIU+4* ilbfr E*)v,il\fr fi" tEffi + Ee
iLf++ ffi +ffi kl ( + E ffi,ff + ) i.efr , iafr A' iE n 6l Yl.,ff ,x. H!

/[H-,flz\' ]En flArunHfBpf+L-bryA, + E ffiAE*I rfu -t,lE

{T, F$tt+rlffiffin. tEtr-(r'JI'El -MlrtE ilHffl E#tr"
E -(, r.i iE a 6,dffi f ffi dl,,g #, fl B H -b. a n, Iu, ffi ffi i,fl Fi. ifi tr
n " *:Ert-( kttrrf Htr, H+#EFWfr300E2s00Xz lgl,

E(EFEj&,ffi r00E 1000Xz. lnl, -(,rr + ffi /fE EE+Hft .

?E L Et H.!ffi .*,atr-(tifE + E€.ffi H vA* " qF HEH .f+

ffi. E-(E-'f'f46AzKE'fK, nHffiAEH, W?lfrffi 4,, frl:iFfi,

,9" p+wtr, ql#-yw.*Htr', +,RittEdFqF" qFHBltsH

fi -( ri, + E E',f E *1 FsgtW* Ffi+ASI " iE 
-t 

Et fi fi -H, € m$rl

,BAF''ftiIRffi,f+

*lFwE HffiXX*, & R_-flrXH Etffi hli*€,ffi ,

ztllffiifr , iEjj+0.ff . #*6. iEiffifrfiFzj<sats*lF, lF.R

EH*AfUgE.H'H"
4+,+FII? H E ffiHAFi*.H,fiU, ABEAEYH,(88." T 7
Jg,Effi iH ffi Xffi , ffi 4r.Jd'l,FTRffi Milllfl Mffi , Df, Hi{,fft #
&zbXiHts . rktl, lt +Pfi k&ll^t R#EE!A'ISEH,fU
,rHtrF, f BEAStJS+T/t*k1i*.R.

HMJFfifr, fUffiBEfilxft\, fftJlnmK. 4.H,. )ffitrH. tr



6flH!8,4.8+ x 18i

Hffi . H[.H,. R&9BI+, HETfE H kln Rts-e.ETElAyffi+AH]

IEH.

u t.fr,f4-f+ ffi iHffi ffi tFfi E pR,[t, tr ft pE€ iEi$6A
Ffii6, W&ffiffi ihfi*A4rl'iEraffi , fEmiHFt, U#E{+B!
ffi hi{R. fr am ih tEiErIfr g H,fl & \r.H#6fr+ &+rEA
FXlyzlenlat*x^, +)l+mi6E,H+ + Trf B E ff #HEE
H?X{5ffifrrllEHffiqifr, W.tuqfr Hf H#+ffi, yRfrttrK
tM, +i\#r5Eld,'Efrft*ffi., EallE.e#frfn"

ffi h t E H! IEI r'1, * El & +rt +Xffilfrffi.ftt ifr ffi f+fr ,f[i

,8, " H*X&I ffi9nlqlflt,+H#+ffi, Eft,fX+PH*Rfre
*Tk:Jrtt*,'tt4tilalif-H f*. "



184 x fiffitHf*

+fiAEg h+t**p*K

Fffi ! W.fr*atD?Xt't#*1,f+ieE, iefi T -[tJ 5 ffi ffi t
X Hi,i+ A,f€iI,, ft*nt*)tniF #fr E, 5 I ft T \r&^k # *1'W.

H&9.tfi,18 h 4+;€H, ft *nTEiREE)r*fin, trN?ll*r&flF

H E " t T T E I E fit   fti ii.e.*,,ft,fl ffi //, F4 & lfrfr, rrle&W|l
a, FtH'#{rfEEff 10AEH!ffi tst\, E"-+ilriEE#ffi r=

X*ffiffiZtr, +ifiitrdrEryHA. trf;nEffi B! rlyEirff. - R

AP!EH7:, ilfifnfli,h, qf ffi,ttlefrF, hltffi"-#frEtl
7 -+#*fi*1E8" rxiikltr4f, (hijrarr), f,rt#'ftrffi! W.

:,E^-+ffiAea"

ffiB^afi.fiErZ

drryJ+N*rnfi 5U-[tJA*ffi ffi Hitrifr , tr,*,Hrf E Et

gffi. ffinffi. agBr. kFAfr. eHuB[s#z'-In4]*E-*,tra]4,
WWX$+h *)r fr\ fr*dtnfi,#, f m &+E € r'J *lr,ifi E B, g[ffi H



+H€EHHtffiffi x 18s

Fr€ 
^F,ffiftt 

tr4.TA+ !

w Bft f n E E ffr E =F Xn dJ Mt I 1 " fi Mdr VJ kl I /6ffi fiilxt flrtn

ilfr ,'q+l+fr XA bfi klF{tfl{ " fRffi q'f*r}t Hlt+,fi . ffifl{

ffi w. tr f, E f6 €, u) ,'w1l,#tr kl #MJ, ft flndt vJ 11 yh * Fna,

Hffi. WM . ryfrmff\*Em.
ww?^fr *lfrEriz, urF.6'effi Ef EfiFE mffi E!ffi

W. H *lWWE+ErFqiffi ffidr, H ill*lrKtrBET,,\+HtE
Ffi . Hil1mK,ffi+trie#. iffivErffiC, A ffiilrilltr.-ft4(ffitul

ir'iHE, trffi+mtaHlj&x+@E" a tulwwtut titf5+H
tr i6D F + F., lt*., €^6&Eq +nrE dl iEffi 0ooo* Ht rI X, l)! *
fr\WE#. %'ftt.

tfl.ffi-drWJrl++, ffiffi R+WMfr A Htffiffi El ( order

Araneae) , +T&e*Ehv\nffi. -w.*v|+^{fii.+, difry
H&.64*[mKffi#'tu1v\hz*.

ffiffi ftt*f8*[\kt.fr*HtnF.HR, trI]LAH+BRM4Z. +HP

ft&e H-- 4. + m ffi ?fl,fi +$ E., tr SU,XT )t flR ff r.J q Hm HR, t&

n-rfri " +HEH'I& HIEHE/\.E, RH,)WWffitHfi n.R,fitr
.E Hp" +HRA*IfiFr!+*E@*IPlBfrffi , -WflFXffi',n, tr',ll[!
RHP.

fU H E)d+r\trfr+h

ffi 1l +HF..Z tr Pt * E8 *F H m A fiF*XE-*,*, il6 t * E8 F 4 H
F (carapace) " *fl8F-EtrlHFfif64frY6, -flti,lhffilqZffi



186 x fiffitEffi

tr+*#" tr#*PAT-LEfrTtrz
,1, 66-rf-Ltr (jaw) , &It
&ffi (ctreticerae) . AflnHi#=Ftt

En, Ifr=F,EA\N, f,sh'4-T" *T
ITffiffiJEE-€ffi+TL, HEfiFH€

w. mffiH,f**MffiwffiryJ, f E
D) &i&WM MJ ffiW *,8, E,} iI' A

wffi fh It'@, n tr/H tlt&:t?a w *fr4 " iBHffi ffi ,tI+ a +n k h
&it, f tr {s H B[ dE t H! rfln ffi.,if H t+i& tt vtlh. Ets #iE&ufr

m€tr, trr1Lrf*ffifr#, fiflt*lriAtflE.
fuX z WEtfrffi fll Pt -r'J [ii 11Y., tE h rfrfl1.' lff1p,rfrilfril

X{ (pediparps) . )fiflt*fizrt, trAfiHtrfiHfrrh1?,, lEr'J

ii
,iEE fi14

@ ffi4H!trE.

@ ffiffiElaE{"

+
TJ

@ ffiffiHlHE"



trl E,

/t\ "

t,

iH€e.+.Hlmffi x fi7

HE#EnffiffiryA" Affifrfiftffi
Wrfrfln?+ Krn E, t#W*l^n*.

*ltBtFnffififrr*fi, EIEE
trIEEPlffiBr{SB, FE,l+ffiffi

€AffiH!H,HTLfiFS B!ffii&E

#, UffitEdE-'frEitt[8ffi Hte

F5tLfoffiXtrffi*, fiFi.f+X

&4\*14+X"

ffi ffi H! * B8 *[ €'l\.F. =F

a#a +. ,E Pt*ffiE
ttuHffi-5ffi:r'J,E,l+ EHfF, ffi=frsffi Ext,E,f+ E,E

RA,} WWfrWffi ru r},E,AFffi F +,f498 EN ffi ,{TtI .

@ itEffiH'!6rEEffita"

WTLHHH*.thffi,

Mflffi trtfE*[-fitE ffi trD. $FW*,WI*W, frXEB4lWrW.

vaThfr " nE*[fExf*ffi H6i+ffi,yL" nFfi flEfi, fr-R tJfr

f, .\frill h E # M r1a^fr i lt " &r ffi rE tr BE *[ Pl X/[ H ifr -r, \4 tr-1

 +S

ffirffiH

€,16

@ aEffiH-!fi{fi"

+ffi71r$EtrH



188 x fimtH*

rDAfr ry H fi Efi Ef . [Affi fl flff ,1.' ffi ffi &, u)'1H Wa& "

,firfrX ( spinnersdspinnerets) yrtBq2RXilrh #, )l
kfrWFfiWH tu\rfiLWtr, lBHe=trf ' 5nE*[ 6JBrn2(lllr

( spinning glandsfr silk glands ) tF:fu " rt 4P.fr#fr?h!il: -tF till
Xr+WtrA (fibrion) klWm, AAt+jE{trFga" WLLRIi

ffi-*,. FrF. tsffi. tEn. Fnffl. +rffifEafl[+,{€ffi. 4.MflM

a-(flnffiflErrEHfifti*, ffufff+mr, *tr 
^,fiqxwuwBfi,l+rL, &Ft+Rx, s.it]*fi, Elffi,EtrjEz&|, r8f+ (

ffi r rt ilfi t -t }t'ff H ( ballooning ) " Ttl{r,2\ &*. U H rt s 00 X
fi! a + "g El ffi # fr lJ ffi -i r.t,ff ffi n f,n Pt ffi ffi " - ffiffi t, lNffi fi t) 1

t4+h W 4#l\fr , trg H FH ;rRtr t/l ffi fln 1K 7: 5 5B'tt . + tr B! tr rl
ffiffr#ffi+H-f+ Em, #FIBt F{ FEffi '[I,]. 4 "

Mx ffi fift ffi +'f4, t Ed, Ef Ft F* ill tfrWft, fr 4' lrN, I+ ii + )Jlt

*F kl +rHtL tli{' H * P! ffi i& iH W fr rfr *f + ffi El ( sperm web )

L, Hn1.xrfrffiifr,ttEf,+sH!tsffi88, IsXEffi. gt&ffi rr

t[EffitHdr'J, WWU)'. At *rtsfi&ffi HterHtL, ffi xffi+xir&
*ffitEB"

*{EUfEe#flL#..

ffi B B! *,fE jitrEW,E#y-flilBf'. H *f+&ffi ( crab

spider),'4ih 5H'rrtAfi#, EEq+p,fiffi fu1ffi18, +f+1,,i

+B'tflEffi4trn1, 
^f 

)sHX, X/\F.n4)Bt[EffiFKtH+8, /
trrt$+Efi6*tWuWl+8ffi4. tmfilFZtrH'ilEm*, fflt
#Effi,H+,I1ffi+U*g{"



+HAE*.H!ffiffi x 18e

€,Lbffifi [tJ wfrvH
,lL, lrltlnl#tril.W (wolr

spider) 5#Effi+EiEF-.I,

,cl fr*-t+ffijEle+fr
dtrfrW.+!+En+, xtTlE
HfFI&E! EDifiBTtrE
HF:tffiffiz:-'.E."

H-TF6EryAfiffi
(European nursery web

@ ffiq a!*w)Er.)kE_fr+.fi+EEER,
RE.+lr,inth"

spider), tr*{EBfrEffi+,8-J1-(qE, D)WaWtrEtrh+L*, E*.

)L, tffiwtffi*5l[Effitxt.
t#RHE (Latrodectus, black widow) lfiHllfl4',,F,++

wwBlw/,tz-. sEffix,E7+AB, 5tEB tmtr, {EiBp€^
i#w, *>l+EBe+H. tr[L, aRtsirH&klH+i/'fl , rEffix&f+

-n"
l[E{ArffitEd,tr, PqF+qp++ " €1.qp+h ffiqptrfF+m

F. €.ffiffiffi.RF-fqp+, 9FB,lW.HEIHrt+ffi; fi Bt&n$ft

Ulffi Ettstr'5 E -E T lE, Hfr mt?fiffiiEtrq#*fi E[.

wwill- HadrpFn. Lhwffitrn FxwHE+ =+F/r& . /^wtLatJ

llK, frH %)$EEn/ieX E " tfrWt+Hfr 4'FtF*&+, EIL
AnE]Rffi#.,>, -flty'tT- A )VR, mt[Effi Htne+-/t.
iln E.xt AWtrrE € tRt E'l Xl W, ?hKr{ frE tr t rE rBrr. tE )Lfrfr. I
fril, #R-H'SUXTffizKffirE" k|l, LhW&WMtfg+, &,

+ tr t 7r&5tJ *ffi AU v*,Rit])EEEm&.ft .



1e0 x fir^tHft

AEffiH H,'il,ffiffi

E +.t+ + X&20M2r,7 0+ ff E #   
6X fi t + A ilF H ffi + fE

E B! ffi ffi . + tr i.ffi iT€' + 1 e7o+.itx Et rytb iHE, FU|T + tt
Fl/\+AfFffi 8ffiffi " ft q*Er[PtzK EE, H'-[EtEDli6ZR

ffi. +ffi. &,sHH. UfrffifrDhffi"

lr\t^ llt4rr ( Lycosa pseudoannulata'

+[qirHffiffir|J hfrffifrN
w, haFlEt+ffi if;ffiii?zg#, 1B

H#ffiEHlEffi. ttuLD)}'tg[
If,i66J], RHWIKfiUI "

ffi&,J., -fit4i$StrX. i*&fr. qwk#)frw"

}6, HRtrR}E, H FA'E}EXMfiI*' BE*[TAHHC,EI,F,.

/\J115,E.XH KH+, HEDh#E, lidJflffi.

Pffi E 6 piffi T,,,e u+ D_rtrP-F ffr* +9FF-A$AH\9.9F . E
-,|9FE6E tn)\+A)L+*nqF " t[EFtffi-W#frh- 6E+
E, Ffrc. H.qF&/l+:tr 68tr'*i, H+nx+4/\+#nHE,B
khaw. wlL,tr*law, ++)tEslEffinEsEHE, #m a
x, z-H+E*rHn&ffi"

gtKilf,,R ThtLtr, AtFIffi. 1RffiFAfRdEHlH'ft

h, &Rl,+tfi.tKll, 64'A++Bi'lFlX,T, lll4\#ffi =+ )La
{+x"

wolf spider)



+H€E+,H!ffiffi x 1e1

AW, (Argiope catenulata)

#w6e,.w+fr+EE', trthE "ifr
'k" k1frlz" WWffK? ,2oH)r., t#

WRHTHir-Efr. WWNEBIR€,

H fr qhAANq' t#W,tfrtr *4a "

+ffi#+?n,E, HAfEj\+i&E
++[fi PiAE M, E +E.fEffifi BI H

@rLffi, HWJfr*W, LLffiAltffidJ" R
dJW H LL ffi W18ifl,4.{+ 3U A WD E l:
ffitsErlfr+$, #ffiri?+i{,Htr, HrHE}86fr}erq E H ffi .

x-1^#! rl, rIE,?EFIUtr+# &ydry *klffiEiT +{F, #x
EPEWTZ, ffiFNffiAEffi+M +4, EIffiFTffiTlJAFE ffirAE
+'t+\EWil*"

t[EFtffi trJiffi-e=+E, -&P9F,H. Wnxtrfl\.H*n"

&€fiffi*H (Tetragnatha maxillosa, long-jawed spider)

effiHHE-ff Kn*nmm, HEzl<fEfHffi.L S[4r1lfi FS. x-l
ffi Bn B-.j, H T + + ri rl [a ffi Tffi E pfi jE 

B.t fE Et H E . ffi r r,J Ef

ffi ro.F,tr,,B Eif,f+, trmERtr,,E EtrH lF, 5frKPi g /6Ft

-H*," ffiBHffifliB=F8.ffi€, trJ}LE ffiryJTfrWW, ffi FEEfAA

e.+Wffi 2Rtu1 FE gE i/, *[ HE'R]trE iS ry + ]fi ffi iIil H ffi *n *1 inH.

mx+^H+s+"

effeHffi AeKmErt, AHffi Ktr^S5*B@*FPtKE
fE+" ffiFlffi-fltPt#iFtr h-4.= + E,,HPgpEt-tr 8
:trfi" 9FFTzKfEnl-Hl.*FBlEE" gpXnE€trM " flFH+

@ ffiffifilf/B"



1e2 x fir^tE^ft

tr&Yk (Oxyopes /ineafrpes, lynx spider)

1ffiffi5zR$ft-f+, Tr+-"W, H

D?1ETHt\frfElIz lEl . t[81ffi ffi'f4

K.h8"+,*, t^EffifH t fE4. " En*

tpa, ffi%*H, /\XHR}!^E€,

tlFlrl F\V\TI, €ffi ru J1 HR 
"

*yAA*q' *q.tu1+-n[eth, h
fr E - t3'lWfrRiEBr,H " Y MXq,

E Effi nrH fi bhq." EE*[Xiiffi ff
E, EWW+" bEl:HKmHB!
fiU, ,giffifi - [\'. TLEWHWXfr\^frn. fiE]H&ftHE&ifi=efif

E, *+H2f.-HA=Htr+qp. qFEFtH:tt' PTfEntt.
F qF tr Et ffi Fft +,f A qF tr i . I U,F-v'f-L 5 E t)*t Mkl ?nW* Wffi\*

@,"

4fiWH YR I ffi31L ffi 'fRn ffi ffi * r.j'ff IEEEH ffi ffi 

^fi 
.

slblt (Jumping spider, family Salticidae)

Dhffitr++ 4.4&fiffi , 4.6K-fit4'T
s"+x, ,t4+8ftts6ffi. HPRe,' Jt/\,F.,

tl, H-xt b E++fliJE.ts' ,gffixffiA
A.

E/EWZF.#FII, AF'IEE IB]+ffi €EA. tr
lgl n rl.iB,tE'lDh$ft ,'ffUin&EH, #+ffi€
6BE, EPlifiEA B'txf*B,l+.

@ T)bDtsffiHlEER,
TIDSAHIEE E.

@ +ffi€fH{EH!]Hffi.



fHA+4.H!ffiffi x 1e3

zF E HtffiA,g ,c'ffifrtjffitE+_F pt+gf+*f+. t T H,$1lfr
ffi t +, r,i#Ffr h WtrH.*nR+F M.A, i[+X D], xft t + pt H
+h\fi KffiWEruXrutrfUE}I,. +-+h'rt fi FH q.B,ff ( H. S.

Smith) Tte B+R.lil€H, 4tXE, "1EtrffiA-,It. trH
1txffiPt5l^, iBrEfEffiil*EffugE ", ffiffiEzKEtrEg
K!ffiA,I4Affi, HEAEffiAEH, hfrRIEwEH iI.K" +tr 
r'Jfifi$ ffimffii+BfiffTh+. 1y1E+H-6] "WW?, Aiffi
9" iliF-&r+*llytl+.

H I"lffi$ftBtr1Rt

tRffi+ Bt++Xwhfrfi, fEEffi{ B.t+gf++E *4*,
'fE H I'E1M[FftE'tBtr*lrfRt" v+friTeffi H h]iEA.Ezs , #.bLFx.A

Wlfr.H |L+RA ffi 'HII,T, +tfrtrBffi.:t1++XfrtrH E lgtffi e €
Effi$tr,lE+nREfr (€Am-Hfr_+rR) , A+5fE
E +ffiA1rt&,H.EBi+&.

zK H E Htffi ffi fr\$*ff+E *., €_H,H'Eh dE, IA r,JXTtr{]
X..fi *klVpfi:, Ut F.'tp.& " bltn&il;lil.$ft , ylf €xffi ARE

@ R,E+qF"



1e4 x SffitH^z\

ar:€*tru Bt+EfEPtr8, H+Htrtri* (direct

seeding) /L+ftAry'{ti 4+- 4'klffiffii* (transplanting), 6ff
,fEHEH (€a\ml006ls0a\F) , EFttHffiStrt, iHtrfn

&EH, ElElfElLTlE N, E-nilfrltrEBffit#B, RFF'ffi

H 4X,+ Rfr tltLW.5 HB.b'+E r'JEH' B *-ffi FXT WEH ffi ffi 4
affiTfljtrt"

t i6DII,4t trIffi -4&)[LHP Etr Bl ffi 4,'f+*F ffi ffi 5 H'f&

7.ffKI *6 Ffi M H E DE E D-I T iE'N ffi M,

. awffiH4L,+ R%, ffi 44EH r'jffi W*ffi hrLJ-.H!fi tILfi e
6, )bBfiry'H^-*,fU (systemic action pesticide) itlcartap

hydrochloride€rf ffi ffi P nlq 4, il1 R%, trI'f* +F ffi ffi fX H'fd x
&.

' # H W ffi tr ib, tt{L'} ffi lF fr. tX*l ffi t-. ffi +nfIt &fifl # trfE

+ , 2tssonklffiWlfi.*m. ETBzK'lBfiT+#+tg, xilMn

WklffiE#.4'" EzKEtIHfEH+E+, ojHrmffi)Ei' W

zK tr ffi - & r'J igl tr rE fi ffi #' & 6E 
jH 

trE ffi ffi H rl' tr il! P! t t

A.'f++F E gHtmm, r'JrEffizt E H#+ffiAiEtHt#En "



4N-,+{e ,4. k 6t 4+ r*th frV,

/t'+fnE,ft H +rJklffi#x.nU, A+,,\+ RA E W*IA."",h .

,,\ + h 71H ?+ f U H F B fl Xn'f4iE H * *'lB lt,e.* 2 lF, i6 rB tr E
,Eiltlft7 tr+ trfr I + *,f+ rE ffi ,H " t+ * ftfr|l'm ffi+ tr+&,fft
trt(ffJ+vJ, tr f*iq€ Fffifi,iB#*B, mE-K+HE H#+
)iF T,Akl MEE rli ffi +, tIUh E frAfrb 1F H ffi ffi ttu\4{H,H. A f + H
lgl E.{+ . btltn fi,A fr |fr ffi Hq HIA r\. E E / \ z,fmHm fr , *m+
- tr, \ntL*f"E illF}^, E fr -H.*bJ, ffi PiH9AIE EqfE

R+FK{Fffi4L,E+h

+ W + x%.fr-* + *llfl,R EEil XZtr, litnl+ * HWW

r fuH FEma|E, .6F,tEtL+Wrfr.tEhiil.a,ixf *trfEya
rE" A,,tHf +, HZW**.HMtTthffikYMJffi' 

^ffiiL+t!",BF (semiochemicals) . ix+,fH,HFAFftRH+trEtEffiffJil.

A+h " R*tkfilie'f!1X,+l--",HFrli{' fr X, trffi +t-., +, dt

A\WW€\tfr*1ffi^rt4+"afr EryHXdEe&+X 6 ki H +;l4

vJ, )tlTtBrt\ffi , frlulfrrfr,ffsEe.
q *EI[4f+Jt+ E,4,+&& pfi FEIS+ ( Professor ran



1e6 x fiffitEr^

Keng Hong) A ( Eg-H.&, fttL*Jt 4+WtulReE) r8ffi iAI+ l+l

W, WffiIF,H*YI FiiEIfffi H! fRiJF, EI D)\4HZ&N.HTVITT h trl

fta+htrhw;F*,

&,&'8,0-* (Ecomones)

H*ffim+H*rliH+ vltL+Wffi"

4 4. A'8,0-* (Para-ecomones)

+]F E f*ffi It+4#rf H + kll*,+VJ ffi., H + T4'E r
e FXW mA W *, +VJ /6 

FJ Wl fr FXh + "

HV.+ Fs t+ HW Z fir 4 I tu lE H Bt 4 *'fH,H. F 18.tE # h,| W

. F (pheromone) . &EZ, ,l'iffFEH-+++rJ++hlilB.1flk

# ( peptide, BF ffi +4ffi + U-L Ht-aEm UEft ffi lS&*1 ft'A

+h> , %fiffiif.-tr, N.fl-+HX+fhWT*P, /t\m6lru-E
*1'4ilrE;fr"

6+ fiEAA E Wrt+ zFJfrIFH H,T H*,fH,H.F' -ffi AF}E']

^t+llJ4l,ffiW 
( allelochemicals), *-EL nJ D)H^hUTrof+'

*tE fi,E * (Allomone)

)Zt{. fr+Yh+'f4 H f*1*fi{BtFHBt'fH,HF ' HE+ffffiifu8

tF lt + yn m. Vl +VJ l4 *ffi ,,f E *p E Fi & E l--..",e* kl +W 4fr , ft
EH, D),'s.lfr,+W'l+fiUffifrtjH1fl,6 H.ED, + Hz+fr . lrt

in, HEqirLfrgE[Affi AA k1+l'+W ffi .



,ft+1E,H*6!++rhl.haz x 1e7

ff 16l,B,&.* (Kairomone)

i*ilf x HRffiwt*tuItx,+
H,H.t, rf +*tr,fH,H.#fi #,
f mffiil{H,E #*F,y.mE}E "

'frilinR*ffiffiHtF=r"4, ryBlsE

RUES|JXFqPTR*ZA, E
FTR*AIfiffiTY.

E-^lti,fl.* (Synomone)

trffi fr *.tul 4,1,+'fH,H F, xt ffi ffr# E & 9# A$H ",R" tu " btJ

4nfrEWilhERfrEstJ*ffi#i"

Rilbfi,fl.* (Apneumone)

itufrffi.+frJ:W ffi r frffi'EMJ ffi.il ffiZ trWm H * ki rh +tr
,H.*, ffrJlnWElfi*6[E (blow fly) flJXffiAHiffi 6J.

4t+r:=F-.RIFfr^.

4t +,fH,H*WIFH, HH+ q[trn]L. br]\nRXWW
El B! &n ffi , HE + lE 

* 
F-.J I'El A E m / \rffiU f* -K *, W4fr fi1Lle 5

++nn RWl.HEIA-fle,HRft . EiEtr*nx*-bM{*, rf,,fH

,Hn X'f"Jff trrt'f€:SE ? tnyW5thffi#E! (xffiffiE ) rxA
f+8fi8, diiE -IlJXfS[ffiX+H!*Em,iFifr , &+ tr=H'€'
H!;ll4, A -,{niHHH!rfrrt5+#.W}* fEA. f*m, rs& E
%*FB h 6ffiE Hr6'fl ffi {f, ftt *&fr &+fiE.E " = 

ffi'r t T iffi ,E

@ REE"



1e8 x ffir^tE*

HrffiffigB, teBffi +rffi, +r+tfiif,+ft B+. lg^+rtr
it# EH,l+ X.LWfr]-E, fr )rii6t1tJfi,ft Hja" H + P6 

iEFH'iEE@ E, fti.l',E]ffi , RWr\xX+9. WiHrfitH " tblllr?

trlN-hYW' ?NAtuWTH" ilrtr+ffiH'f&UiA*, i trrxrfA
 ffim'Fffia, E+&mV\,E+r E4^friFJ%4.i\*, ft.fr
r8fi,tsrtPtE'fE.

- *F h fl, H+xi^h, ililwtr*/frma El[Effi ,|i{' H ++ r^

H!'ttrl'ffiF (sex pheromone), Ehil++nnffiffiffi*E$U*
j+1ltEC. *&.'Ez\, Rffi}.r'Mfi,ffi'[+rt'ffi *' -at'ED)E&4|

ry+xffi E 
^ 
ttr uJ1 Ht tffiilxgt%il*" t++xpw, E,H,H'i

frAffiWi RHfrhHUHl, FI D)ffiH\+ht+fit?[l*. M#trn[FtrZ
,1, i6.Rtri+6'kl Efi riHA. &Effi ffi fie ffi -Lhfi ElFH'mfrW

4+-+*./6 (chemoreceptors), .;(4.frffi,Xil* 5ffifi Xt.-t
+ kt itr X tl + # e, frV,!frfr Mth frAR. +NIL, {4'fH,H' iEit iF ?e

l+ )fr , + D)R /6.11 -dJ *WMffi ffi kl tr 4. 6f t {,1rsf+ft *.8
A++E kt E T5++E Ht tu-EttTt , fl,8+Xil1ffiffi8$[ffiRR
illhbfi , H+ft,{ft5ru1E Ble#qiHlFHffiffi , H+-effiyn
,F.A-+++E H! B rEE3tlmffiWF-WrE, +5EHZH -fi=ffi
6*, E}'51ffifl+3lj*XBffiti. rsfftrflJ'fH,H.F, xtffifh5$A

ffiH!gfi]AIJFH,E4.

I

$*9HI+CKEEAE

E*X t r ++Na m, a&ffi E,lE 1111H HWtr Xrl. H! ie



+L+trEF-trr++r*h#,x 1ee

fi i+ je tr E tr j&, + E- I+ +t + E +h *1 W LXK ffi l& j&.fq rt h Ft -
+qXH Bt'f {+ rE ? tr Xeg 4X B'! flr II fr fliE-b kl ffi ff AAa-d lil H rEBi

,|,'W.t ( trail pheromone ) . i*ffi H eg$Xffi trI Pt E{t,J. Yffi A4X

PFt B T i E6f,r i.d, EI [1, tr A F] H k! 4g HI AII AE rl+ i.X rxLbf, U H

fl, H+ x h T itr ry iEBtrl.iff * W#8, A&IH +,t+* Ery

f trA*IHrl.ffi!&mt, {+iEBirl-ffiFiAFitrEt, f trtsl+H

^ 
PtHg4Xffi ffi fi *, mAtr Et" rx,Lb*qAIAEErxf E E6

ffirqrT, atra?4le*E {p{tjEfttzH*"
EE hT D)9tWF-*)*ft+'.A. ffiE&. EAfB*{B+i6A

Zrl, &H D)ft+,fH,H*XtE lE+tsHg+R. E-.R,HHE$IJ

I " &fffn'f+ 
^ 

E!€eFfEiE, * HffiElfi)*tl, -%friJ 
^..8:4rrLD)WW " l&11ffi.frM+t)BtrFn*[r] 

^ 
flEe,,ifi ffi &m H, &HH

H tr rk'ffr Em rE. \E WD)&fl' 6fr ftt lE r'j, &, r,\ flH,f+ffi It H

-il+z\grl'itrF (alarm pheromone), fftjEHlgHr.eft +E
Ik rU r8ff HE +trH.tul 4t + H,H.F,tr, + Bp ZUr+ fr 6fi # U {fr

ffifF#fi4.
&w +q w*pttHffi -hmA ffi MA, e,E€ tEt+ pt pfr 'Mttt,

fiU, HH+1H F1F.+nfi hWmH rlWR. [ffjEffi *rts &&$l]s
t+'-"# tt + wFJ, rur8d!@ fltl * +tI Ihfr E ffi " -,Lb 

gr + 4 W

* h T Hfr , E]I't,trfE + 6EfUH rT,H*ffi B,TH€FH *IAW
E r|tsPlzig rlH#- " gHrE StJX'fE#r'}, tr&qf+gryBpzl
ffi m H fi fiU H! 8* rlWR, l6Br-E trFlBm ft,*l** .



200 x fi+RtH^ft

BEE,it^itFr,4.

HffiE-fFA4B'!ifA'EEE (social insect) , ffiH
Hffitr (queen) . fi&ffi (males, y'liffidrones) D-l&.Iffi
(workers) 4HAfriFi'" *Effi9lrBlt H E0EfGffi , pATfrffitr

jtll t4tB. ltr tr Rzrl, 6 AX H, B tLLtW tL tr *k)E Bp iE E H

4+H. PffiqpEE Ftffitr4rffi , r8+[fEAHffiffi H!€42&

fr." tifuWT*. Goyatjelly) nEnH, trElLYt 5BBillazhffi,

\4 FnKh W W+AWFfrD)Wr X.hEB.Vt4*.t\Wtr . Wtr

Blt Tffi 
^ 

E n&iriE,f, ( salivary glands ), 62rr\i{' H-t+fitshffi
trrlWR (queen pheromone) Pt'ft+'fH,HF " WtrrlWR^E

€ ry f + 1 F H t+ tLklrh H?,, 
^E 

+ Z - E +qr ft U r ffi E! qF H HH, 1lf_

+ A,l E H }U ffi S, n R'f+ r8 + 4f 6 * f tutr k L ff rl lnl+t t,nU R.H H

+k\A+hffi,L, h W trfi t1P 9F *lWB, &x-r f,rl*{l E IffirJtW

EB, tffitrffiHtlffifrF.X"
W tr rf'lffiRfrH.tfl+fi , HZBL4ITLEWFIH4*F^9I*-, + ft

,*tr1rh€6ffitr, ftHA+E1-tEd.

ffiffiffi
@ ffia++H'!=f+affi" @ ++EEPqI!.

@ rffiEtdrR#rrK" @ affifi!ffi+t.



IN.+\e E Xffi++r*rhe? x, 201

++IFH, Eag 1.46frffiWtrffi#,r,f.+E'l+i*, &,HEEIE I rHH
ft+t, mhTffi*

W +-* h),l,F ETf EM' ( methyl eugenol )

E H f*ry +, *ffiffirytflV,PH F BTTEts)reEI tr-+,

itJ *4+ YS, E r.J X4 rI il+ # # lL + WJ*+ 41, h'l+. rf'ffiF U lB r& H
tE azh. q*trrrEf+t+ Bt p6 Rv9a,fr+*.4fi.*+t x*16fr

fr , HLn"fFryHH!fr8!fi.. E e,v (Bulbophyllum cheiriil,,

fruit fly orchid) , HE+q*trMBlYtr*ffiNf +rli{'FE
T AAWI, r& B I t# ffi ,ERUfl ' @ffiB actrocera carambolae,

Bactrocera papayaeffl

Bactrocera umbrosail*, )&

fr+EEYkllE*L. EtE

ReEr.ft9ffi 5lE+ + r&'4x F

#TT6ts)B-'1, &ilE-s.Y
kltr,YswtlfrpffTn8*[_tffi,

//. m'X E EY fifili#lL+9
&." /TEREE)WWW.fuIJryHT

+6mtB#+flF*r?le,mffi @ E_gY.

ffi Gectat gland) " A!(trHltEd,ffilnl, IaERUE,BTBTT6

Bifr4tiff i$fs + ffi tJ € H X k!'l*t|W* u)'M{ ++ ts " )ae 
^HM

fi F H H't'ft i$f it + +h k1 rg FXA t trans -c oniferyl alcoholf E 2 - allyl-

4,5 -dimethoxy phenol, trA E& E I H {t,/rE R&BSIJ X ftt mHrflffi#-
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( aggregation pheromone ) W lF H, E r'IXHEfrliE ry B I ffi RAE

sfxHt,tr4.ffiRffiE.
H + trts B! 4t +,fH,H,* HE U +kNM-E'ill h +&+ t*ZtilL

SUffi ,H'f€rE'ff H, 
^ffi 

ffiBE E, -e, ffi 44 rh fr?q fi h, t++ xB
lrt& RR xf ,fi',a* *1 tL,+ 4f6, ffi , L'6fr fi tl E fr F.frZ{,) LrA
FI Pi 4 H #,fH,H.*, brlln fr2W6fr1^ E tlilffi E H ry A rl h W A FX

fi€fiU, U&+EA,jEH. tr&BIA F\gE6.fiIJ, TEAF}M&
,{i5frn6igi6ffin#-" HT,t+rt +trFtrE HffiffiE ffitr.'Et
H!+-'El, ffi D tu\ffi,ffiniA,, D)D,l*,ffitlH?lE it#, I+*EX
BrizDH,t44.+trR+Bts ffi iIUfl ffi i6 H4+r,tf + . +E#B ffi
y)rBw KIFWE H*amiH) B!+E+, + trf++ffirietr4,
Nfi fiFfi &E ffiA,fEH AEiAHE,E'I.iff * BT ifr ffi +$, AEffi 

'3/ffi -H,, Affi'm thw@ww,wf+6f+ry f++ iffi Hffi ]t+ " H +
rs fF i6 ffi ,f ix HEffi tf, 8 0%e eo%ffJtffi ts, +*wt#LV, btJF E 

^iE, EFtflEMtmfrl+€p+, .fET-,ft.H, tr BtrTp+es%.

ffib_r=-H.#xE++

{t,+{H,B* klfrfi}irlF , 
^ml 

WEW++6WffJ9 )l
frmjt, -ry.#H HEnR ;,fs E.r\.ffi {r+6EHtfr trx{fftr,
Hj$EHqfExtry'W.. +RrB*trf++^WX.. Htr (owen r.

Jones ) + B!,ffi i.+, al* T r sss + kl 4t + lr-,H. F ffi E,H. ffi 2t z

+n a9+n *.m. # 5 +]$ lE-+tr^ HltJfi thFfi#a frl ao

lL*n+H E,H. E fE Eh,,h +,fH,H, F,fn S jx+ tL+ Yh F,fr A Vl

t%"

i
1
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&+n*wrnffi , 4.ffifEPl ffiffi-,*.x6l+, trtrEE tr Ei

lF +hw h w6xH,t+fl.ffi *mai*aE++ri E, 4,tHE P 9F " h
7HXE-t6Hru, ,tmfxtrEi4ffi+nlj B&*€H*i.JyL, ++
*+tuE^ffi 1-.^H-+FXAffi bur@,+fr Awtfrtzs\\^vfr *17K

EE+4fl:rLAE (ctrito suppressalis) kllilE, v)k#&D.ffA
mifr 2rfffit+E (pink bollworm), lfr2sh 

^Witfrli,fr,Y6fri^ 
"

4frxt *W4W#11 7 htn E t)1^, 1+ * 
^ffiffi1frffi 

i+ttJ

ZFfi D)XW,.., h" tr XT E AXEtrfi iXffi *MiEFT,
. j4ffi fiU + Bt,t*fl.ift Frf waffiz1 tffi h .

. wzB-,&*ffii*ffi**.

. 
-&, tr itH Ufiiffffi+${P'RrtrltEfl H "

. iHIn B,fiffi fxi*ffi *$ Bt& H'fEtrfFm4i$H.

,W.&ffi tsrfl*,Ftt^Hi{+ Pt trE,fH,Hfr 5ffi m*$, *UmR
,\ffi* 5 Rt6fr #YEArfi tr + IFM t:, RErfi 'fft ffi H Pl FIA,

EH*f jn^ ffi %.w-,*.#' )B HEttffi +B 8 66 ffi' m H! itR "
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ffi'3*

,W,Si- r;;i.il htl t

Ffr H jgT,\+H41,trFf . ''H fi!{fr{tffr-r'Eig
jE. itg/E -1f, €-, 6fi!*F6E 6bli' fr:t&fr\tD i#'

E-, EftrTiftieF$&x +i6iE.

o )L IH fi! tF' H HVtrt pfrtF'i2s 5 zfi \h ilt'I ls f il t
H. X6g,fE# +H+nrfiflEr9j(. - +y*tp ll tl.'
lt#R$ffiffi . )E&frEYtufrA+'rfr\tt-)s fi
fr , lrlt%fF6!tr{f . ihEn\t'ffi5)tK"

ozK4. tl.ttttt\Eitl1a 4:Lxh'fr E ffi f^l r1''1lt{

ryr[.ilE+, l4r-&.f *trrE B&' +E-6E[€',+'

lLffiffi i'fr"*rtiTr )tt4Lf'1 ;Ltrt{nE' I'E'trl H

uF'J' lffi 55 E! ;tnR* ffir];6ffi zl< lLli +'J "

F, tE,Brf Hd.4ifH IA. 4"riffi El'l4l-S'f;I z r=

-(-; fEB6zlcgelfr' E?FlYIt++'t]' &t
,,t-ts,2t6' Z-gd llfijs, L&ifr .
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