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1. 1. 

LJT u<An11~ 1~VJ8J 

J/ifO efJLiJu JUN 

1. 

Jn iAe. .lw.uuj f-lnni., L.Xdeti Oc.£.Wl.A .in.. ma.ro; .d.at.ec ,' LIXJLM. o / 

lu;d/UJLi.on and .inl,.iJJ.J..i.on ..i.n .coll.oi.cLal. pi.aMA ~ GA cell ~, 

0..6ITl,()lic. wa1vz. ..in vac.u.ofu and. ..i.n 1Jii.oR.11i cuuL )u;clAodai..i..c. ~ ..i.n iJi.e.. 

XJ.;f.,em. Wai..M. iA .muoluer:L ..i.n ail p/uj4i-olo~ rvw~ o/ i.h.e. f-lnni.. 
Pl.ani uXJLeA d.~ .u. a /2.4/2.1.i; dijfUUTU-"-c (UJ/UUtudvt and. iA .i.njlu.en.c.ed 
.d.A.on£J4 l.J; .ao.i.l. and ah,io~uc. c.o1uld.i.o11A. Ji .u. /UUpl.aled lo d.i.j/­
.e.lU?J'li_ det_j/ui.e6 ..in 4/~ .o.i_luali.orw and. wi..i.h VCJ/UOUA ~ /,l)­

p/uJ4i-o.lo~ /)/l()CRA6R-6 . 

T /2.u:. /LeLJ-LeW will & c.onj,i..n.ed tTUU.n.l.J; lo ,e_/./£.C.L(; o/ ~ ~ on:-

a) S.ev.eAal 1TUL-jo11. ;,}uj4i.oLo~d. fVW~ ajj~ Cj/Wwf./2 and 
dev.d.opmeni. • 

L) T w:J ,nai.n M/IJ'TlOtLR.A ( al~ ac..id and CJ.,do~) and. ih.R-iA 

.i.mpo~ ..in rdmJ. /UU;fJO~ . 

c) ~ t,;.ie1cL ..i.n ~ ~. 

1. 2. n.el).e1o ell.P.n1. o 1 .i.ni.RAJU11 ~ cL.e/i.c.i.lA 
Wai.RA ck.µc.u. ( ~) .u. ~ GA the. d:.at£ a plarii. .enLe/Ul Ji.en 

f.h.e ~ ;JOi.e.nLw,L ;u~ 1/2..e ZIVUJ nu//1.k. and Leco17U¼ n.e.~e.. Sc/wi.and..eA. 

.e1. al. ( 196 5) .d.aiR.d that th..e. ~ ;ioLenl..i..a1 ..i.n 1h.e XJ./1-em o/ nuuu; rilo.n.Lo 

.u, f'l.R.,(,pliLJ.e mod o.J i/2.e ii.m..e.c,. TM- ac.,t.ual L.XJLe/1. 1.ioivtl.i..a1 vah.J.R.A dR..ruuul. 
on i./2e, .&o rnai.n. /ac.1.o/1..c,: a) f.h.e l.i!.vd o/. ih.e .aoil ~ po~d and. 

t) ih.l!. d.uvuud. lm; of- ,d.c,o~n ovvi bi..arwp.uud..i.on. {.ac./2. Of ili,e,,o.e. /aci..o/1,,6, 
..i.n iwui., .w .i.nfl.uen.c.R..d /,1,f oiheA. /ac.io/UJ Aotlt eJW.vwruneni.al. cuuL 1Ju,J4i.-olo<,;-i.c.al. 

5a.J. ~ (10~t1-U..d .W 11.ecluced /VlO'il'~Vd.J/ ci.wu.nc,; a fVl-'-OJ_ Of CUl.ouc/J. 

and ~ .i..A a .COnc.fJnul.an.i.. CUI.Of ..in ll!.vd o/ rdan1. ~ /-xJf..eni..i..cd. .i..L. 

1J.ani uXJl..eA poie.nl.i.al. COJUU)i. t.e. lw)i.wz. i..Aan .c0.U. ~ po~. 11£.n.c.e. 

i.Avt.e .u. a ~ Le.vd of 1-ilani. uxd.eA po&J..i.a.l. and ~ ~ d.L/.i..c.Lf. 

wu.cA .w Li.m.i..f..e.d. it.;- fu 1.e.vd of .ao.i.l. uXJLeA. pah.ni.i..al.. 5~4eei. on 

.tA.i...6 ~ lnud iA 1/2.e. addi..li..on.al .i.nleAna1. L.XJLe/1. cl.e/.i..c.Lf. ~c.i..aled wi..i.h 

iAe. cl.ai..li; Ml;f.Jim o/ ~li..on and. alco~n (5.ld.tµA 1967). 

1.2. 1. 

T 11.L ~ c.onunon.1.J.; ~ lo .i.ndi.cai..e. i.h.e. d.ec,r-ee. o I ~ d.ai.uo 

.i.n. ~ ~ GA /,.o&Wo: ... 
a) Waivi. fOi.enl.ial. (ip) .w now ~ and tUJ.ed. GA a l,.ao.i..c ~­

nw-il.. Jt .w ~ ao ~V-~ wu..i. uol.wn.e. and wi.l/2. ilut.. 



(li). 

IUJSTRIU 

P.lanh, .o/ 5.o!U)uun Lic..o.lo/1. ~. ('f/ollle.h. A.5. 610, a ~ ~ uwz.i..e41 

we/l.e. ~ f..o ~ lAXJi..eA. ~ CLJC-l__u, ciwu.ng fu /,oJ..low.uu; Cj/Wwi:Ji. 

.dafµ :-
( .i...} Late. uu,;e-f.al.iv2. darp. ( li) &oi io Lloom .d.arp 
( .Lu) Dow;li. d.ag.e. 

Wal.vz. d.a.i.i.u, o/ t/2.e. ~ 4k1A ~ li; ~ t.om.t. and W.e.aili.eA..4 
and BaA/l. .6' mei.lwcL. &lh. j3 .uJulJ..to/1. and ql.olurun. acl.i.l.ULJ ..i.n.. lva~-4 

and M.oU weA.e. d...e.1.emrun.e .t'I i.uxJ .ti.oC/,4.1;,Q_'JA a) w1ie.at. c.ofupi.i..1£ and I,.) 

/UJlU.HL c..oii;hdon ~.e.1';. TIU!. .ti.oa4ACLIJA ~ u1e.1U ~ 

a.6 (:.) al,.-6ci.41.c acid and lu.n..ei.in. .t!.CfiU-Vah.nl.t, ~)• 

T hL /lL-61.di--6 ~ 1h.ai. ~ ill. l.e.J.Jeh, and ac.livi.i.ij .ot ABA 
and qklurun. o~ .i.ri. ~~ io waf.vi. ~. ABA 1.e~./.6 ..i.n.. lJWve.tJ 

~ /Ulfi.i.dli; Uf f..o 13 /,old pwm iAe. c.oniM.l. io fu maximum ~ 

d.wt.i.ni; 1k. /vzd. and 4e.C.Ond ~ CL;c-1-u,1 w/ii.l.L Al3A .l.uiel-6 et h.aJ. 
~ pwm t/2.e. iA..utcL ~ CJ;c-le onh; ~ io 6 µ,Id ai iAe. 
max.i..mum d/l.l!.46 f2VUOcL. Jn 1h.e /LO.OU , ABA bvdA cLid rwi. ~ 
~ a6 t/2.e. leaj. ~ .i.ri. all & ih.tu..L ~ c11cl.e..tJ. 

G;f..o!urun. C.()~ ..i.n.. t.oth ~ and /l.OOU duuup.d quali.i.ai.i..u; and 

~v.e.4 ..i.n.. ~nM- io ~ ~. T hvz.e. ~ a rp.nvza1. cl..u..li.n.e. 

.i.n. qi.olurun. acl.iv.i.1.'I a.tJ tAe. ~ .o/ ~ ~. T hvt.e. 4t1..6 a 

.uuJ-1 .o/ CJ.;iolwu..n. ac.liv..i.l.i; ..i.n.. ()L£Jk 2 io ()L£Jk 1 a.6 & ~ f-VU-OcU 

pwl.on,p.d.. 
~ ~' 1.n. ~ .o/ Cj/UWl. wucJii and ~ n.um1,.v,., 4t1..6 ~ 

µ>4 & i.fvi.u. ~ CJ,;-c.Le,o, T~ /1.e~ dwwe<i that~~ LAx:, 

I CA-di cal I d.arp,a w'ien ,,o{)/Lflwm ~ ~ .tJtt-4C~-l« i.o ~ Vud 
.i..o a) late ~VL io .e.cvdi; .to.oi dacp. and I,.) cl.wt.i.ni; i.nJ.lo/l..eAC..UtCL 
de11el.c,~ and µ.ow.tVU.JUJ f-VU-OcL• 

T AL .uwol.u~ .o/ at.6Ci..41.'c acid and ql.olwwu, ..i.n.. i.h.e. p1.ani, '-4 

ad.a(J.ai.ian f.o ~ ~ wa6 cL.i..-6CU4.tJed 0 



(.i.u) 

T /i.e. aui..ho/l. uXJuld .liJlR.. to aduw~ i/2.e. <JUUVWUA ~ g.ivul. 

4- fu /.oll.owuu; fJR-Opl.e: 

/Yk. k~n /n/l. ~n, ~ and. /,oA. all.ow.i..n.rj i./2.e. aui.Ao/l. 
.con4.i.deA.al,.h, .i.nd~ i.Jvz.owjwui Aw fYlad.tvud..e. 4tdieA. 

/Yllz.. T aJJ P .i.oAu1 flA.. T 01; &.o.ch. CJww an.cl nu; /.am,i.h; and /l~J.Jl!A j.o/l. &:>th 

~ wuL mo/Ud ~do 

Alco, fu cu.dlw/l. .Lo ~~,L fO/l. iJi.e ~ ~ ai. 1XVU01.U> 

~ 4 iWRAJf ~ c/- iAe. ~rwnu; 'fJe.pw'.i.me.n.t and. ~e 



(w) 

Ud. o/ c.onl.e.nh, 
Par;e. No. 

1. JniAoduc.i..i.on 1 

1. 2. ~rm,eni. o/ .i.nl.eAna.l waiR.A. cLeµci..t 1 

1. 2. 1. P aAO/Tl.l!.Le,i.4 i.JU:1i.c.at.i. ril.ani ~ .d.ai.u6 1 

1. 2. 2. P /l.O.IJ..e.rnA in ~ ~ d, di. e-4 2 

1 .3. Wai.vz. d.eji~i..1-o and p/uj4i.ol.or;;,ica1 (l!WC~-4411.-<>. 3 

1.3. 1. Wai.vz. aeµcii<> and rJ..ani. ckve.l.orm,eni. 3 

A. on ce.llu l.aA. ckve.lopm.e.nl.. 3 

E. On /Wet r:u 1 ~1,orm,en1. 4 

1.J.2. w~ deJ.i..c:.ih, tliwi.o~ and~~ 

m.J.at.ol,u,m. 5 

E. Walvz. d..e/.i..ci.L6 and. ~n. 6 

1.3.3. Wai.vi. aeµ.ci.t.o, flll.Ci.e.m ~ and. n4Aorp.n 
m.e.idc.liAm. 

1.3.4. Wai..M. ~ and. vtZJ,pn.e aciivi.ilJ 

6 

8 

1.4. A.t-oci4i..c a.c..i.d and. .ci;folu.n.i..,w in plan,t.6. 9 
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A. O.c.c.wvr..eru:.£ and m.el..a,&.lu,m o/ ABA 10 
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{ v.i) 
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r.u,~ 25. f li.d.o(/UJlll.6 o/ ~t U>ii;hd-011 t.io~ cl- iA.c. 
kdanol. //1.aCLi.n,u, //Wm ~ o/ i.AL bane4 

o/. -60~L ~ dJ.J/U/Uj .t.ooi io t.loom dac;e 
~ q.c.k. 88 

t .LfJUll-L 26 • flid.o~ Of 4<Jd..u/2. .coiyhd.on IJ.oaA.6aJJ o/ t/2._,_ 

'f>U[flS 

'P .loi.e. 1. 

'Plai.L 2. 

P.l.de. J. 

.t.u.imwl //1.aelioru:, pwm ~ o/ & 1,mJ£d 
a/ .co~~ d.wz .. i.JUJ dou<;/2- dmp. ~ c,;cLe.. 89 

s~ ~ clwz.i..ru; .loi.e. u,cplati. u, da.tp.. 
s~ ~ ~ !.oot to IJ.oom d«t;e. 
s~ ~ d.Lvz..i.rUJ cLou<;A ~. 

ro 
91 
92 
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.ch.emi..c.o1 pc,f..en1.i..a1. o/- {UJA.e ~ al. aimc~ r~ and. i.h..e. .«Jm.e. 

~ .- ~ fu 1t.e/~ fD.inl (S.latlJVl- 1967). ~ .lo i/2.e ,<,UJTl o/- i/2.e 

compon.enl. ,,XJte.,d.i.a.la ~ / /l.Om fu e/-1.e.ci. o/ .co.lui.e.A ( '!J!;) 1 o/ ~ 
{-/") and tn.afA_; X /W ) ~ tJwj_ ;' 

p 'i,,,f - -

'i:= Y!p +is +1},., 
i.) / ,."--:·~d.-i_v4Z. waieA. ll)ni...eni ( JW:,) .lo t/2.e. wai.vz. .conl.e.ni 1t.elai.i..UR. Lo 

.th.e. uxdvz. conl..eni. o/ i.h..e. .«Jm.e. Li.461.,e al /'ull. L.vlij04 ( a/1..eA. /1.oal­

.i.NJ on wai.vL .lo , c.o n.d.anJ. , wei.,;Jil. • 

c.) TU>c>ii..e ~ c.onleni on a ~ o/ //UlDI. we.u)d.. 

BoiJi. /{£ ancL i.i.-4.oi!e ~ .conl.eni. .61.1j/ vz. a ma.-jo1t dwdc.omi.Ju; ihai .lo, 

L !.Ii paAatnR..i.VU> aA.e. ll..e.l.ali..vd_i; ~ue i.ndi..ca1oMo/ m.i.1d ~ (~ 

1968) 

f'I.U.d ~ .lo c.o~ i.o en1ail c 1.oWIVl-i..tuJ o/ p1ani. ( 'P') .t.I; 4e.Vvwi. 
&vt. tdow c.o~nd.i.tu,; ualu.iu, i.n. we.11 ~ piaJ'l.U wui..eA. m..i..1.d 1Wap­

o~ ~nand.. l'lo~ ~ //..e.f-2A4 .to a l.owv,..i.Ju; o/ rt J 4 n1.0/U?_ 

iJuin a /£J,J iGA. .t.ui. ~ than -12 O/l. -15 &vt ancL ~ u.ou.ld le. ~ 

.i./ ( ~ ) .lo 1.o~ mo/1..e. than -15 t.aA. 

S1.attpA ( 19 7 2) /L2.C.M nR.d f./2.cd a cLeaA. and qmulLi.i.aLi.ve un.c/..e, dandi.ru; 
o/ ~ ~ 2Jjec.i..6 d.o2,1, rwi. e.x-i..d., o//eA-i.ru; >2.uRA.al /l.e.a,60. -6 /.o/l. .t.Ji.u,. 

r.i./t.d.4, ~ ~~ a/J/l.C.U, ahnod. ail .t.iop/u;-6.ical and ti.od 1Li..c.af. 

(Vl.O~ I 40 .i/2.e .iniec;~ 21 I e.cLc, on. rrowi:A ancL c:Leu.e.lopmeni. alU! 

e~; COfll/J.li.c.aiw.. Su:cndt.;, f-Lani ~ daLuA .lo a M/i /11- d.i~ 

f<JAC111udvi., dAOru;4t i.nj.1.uvu:..ecl t.i; 40.J_ and ai,no..yiAeA..i..c. .condi..Lion..1>. 

'F.i.n.ailt;, tdani. uaiVL d.atu.o c.ondii.ui eA a cu.J/.i.culi. /~ .l.o c.on..Uwl. 

11.~.a.'4. 
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1.J. WITT{]< E£fJC!T5 AN'fJ PfiljSJOLet;.JCAL Pl¥XLS5[S 

Th£ ~-1,ed. o/ IAKli.vz. ~ on -61.u:h h2J; (JIW«~-o a6 nuiA..i..eni. ~, 
c.oAl,o~ and. (Vl.OW-n mei.at-OLi...-om, and iA.an,J.o.cal..i.on o/ .ion.o and ITUlia­
&,~ i..,!, c..Lo~; J..i.nkR.d. wLf.h. t/2.e. 4!.e.cl.4 .on. rd.anf. ckVi!l.opm.enl.. Jn 

1.wut, t/2.e. .e./-/.e.cto w~ a/I~ £.i; oi.hvz. rvwce~e.-6. to/1.. ~, /I.Cot 

de.J.ie.1.orme.rJ- a/I~ t.Ae.. 4i..ze.. anc1. .c.1uvw.ctvz. .o/- 1kt ~~ ,o1;.dem /.o/l. 
m.i.ruvz.a1. ~; .ohooi dra121.o~ /2.a-o a cLi.A.ed ~ on i.h.e. ~ 

o/ CGAl,.ch.ljdAai.e. and rvioi..wz. fTl.R..lakl.iAm. 

Wai.vz. ~ a//:~ t/2.e. crcwf.h. and c:Leu£1.o~ o/ ~ in. vaA-i.oU4 

~, cwuu:.11.IJ and i.r~;. 

1. J. 1 Wai.vz. cL.e.µci.Lo and f1-anl cL.eve.lo~ 

T k <j40wlli. and d.R..vd.orm,enf. o/ a pl.ani, ~ on. .co~ .c.e.11. cli.v.i..-

41.on ,· t/2.e_ rvwcre..o-o-.iL>~ .i..ruli.ali.on,- cli/l~n and ~no/ th.e. 
.c.e.1h, unl.il t/2.e. cluv~ {0/U'Tt o/ th.e. p1.ani. .u /1.e.ali-<>e.cL ( Slai.iJRA 

1969). 

( A) CJ1 d.i.uu.Lon T /2,u, fVW.c.e-6-o .NtOW6 a m.cvz.h.ecL ~I to 

wah?A. ~, .iJ ~ .U> .6eLJelU'. and rvwiAactecL. fc/1.. ~, c.eLl. 

diu.l6..i..on mw; c.onl..i..n.:J.e. d.wwu; ~-<> al a mu.eh /l.-€duc.ed /UlLe. uni..il ~ 

.coruli..li..on.o Oc.cuA. (KiAM.am d aL 1972). Ce.ll. diui.41.on i..,!,~ to .c.P-1.i. 

4iz.e.. and .c.e.11. n.unik.'l-. ~ & N.i...emcm. ( 1964) /ound i.h.ai lJNA ~ 

fVVl. .c.oi:.yhdon. o/ /Laii..di we;z.e /Le.duce.d i.J; mo/UZ. than. hal/ ..i.n. i.Ae.. ~ 
c,/ -1 to -2 .t.aA. man.'l..i.tol .cal.ui.1.on-o cLwu.ru; ~;-~ MUA.-o/ Li.tile 
/.wd.Jie.n. /1,e_ducfion o~ wLf.h. a .lc)l.,:,1vuru,; to -16 k. 

Ji iA un.c.vdai.n. .4 ~ ~ .ejjec.f c,n c..dl di.vloi.on .u ~/ fu 
q_ffeci. .can. f~i()46i.l4, ul..a ~ c..d1 ~n. T luvu!. iA a (rJ~i.li.i.i; 

al40 ol, .c.hwuP-4 -'A ~wt.A 4'U)lil.ah,MJ iaJwu-; ~ ciwwu; ~Lon.cpd ~ 

and ~ a/-1~ c.d1. CUJ.•i..oion. 

(l3) Cell. ~rpm,eni. T/2,u, i..,!, i.Ae.. o.ih.eA ~ .c.o~neni. of 

<JM)wf.h. and. iA a1µc1ec1 at vvu; .dit;hi. ~ 1.e.Vl!.l.t> r~ e.1. al.1910J 

and. iA uaua/.4 fu /.iA.d o~ .6l~m. Jn. .60me. .6pe.ci.~..t,, .ceLl. ~­

~ iA .60 ~ to cl.eJ.i.ci.t6 that de,. donr;afi.on. and. ha/. <J40wf.h. 
can. k ~ 4 .61nall. cliwuud cl..ej'..i..c.L iii.at C)CCU/t .even w.i1.h.. wd.1. 

~ ~ on. daJJ-6 o/ h.i.lJh. ~n. ~ (&tpVL 1968 ) • 

&~ (1970) de,nc,~ f/2at wuui. ~'i!cvwf1/~ .p,.om -2 to -4 -'aA., 
hat <JIWwth. l«l.4 ~ 4 at .lead. 75% .i.n, .coltn., 40,;t..ean. and .dW&/l.owe4 
.ui. .coniAolh.d. ~wth. uw.iA.onmud. Plwi.o.6L~ pvz. uni.i. .lea/-- 0/UUl 

Le.rid on.Li;~'-'; 10% .irt .CO/Ut and un.alµcled i.n. ih.e. oiMA Ao .d(WC.i.,u~. 

&~ ( 1968) .6W/flq,d«J i.hoi. Li..ttb. ~wtA "~ cl.w,..;.,,u; i.Ae. cku; ~ 
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.b.nj. fl .i..o ~I at.ol.J4?. -4 k ewm. i.n. well. wai:.vz.ed. ~i <JAOwi.h. o.cc..u.,u. 

~I al. ,w-,Jd and. l/2,,u, ~ to ~ cn. tA.e. .lvu;1/i c/. Lun.e. tluz. 

ha/. /4Ufla}.J1.4 al. A.i.rJi. Y:..,. &'f'Vl-'..:, /2e-6U.ll d.i.j./vu, pwm Wail'..:, 4.e.C.Ud 

~ ( 19 74) wlu...ch dwWt> tAai. 1.ea/ i a.£cve. -8 o.lZ. - 9 k had .lil.i. le 

~ ~.µ,et cn ~n. ~ o/ Zea ma',/'> c/.wuJu; ~ da£p. 
.in tA.e. µdd .conditi..o,u,. Wal.i c.oncl.uckd ihai. & main. /l.ll..aN)n. fo.1Z. i.lte 

<l(l/~ i.ach .o/ ~i.L•.i.Lj .U ~to~~ wi.1Jun. t}uz. /,eav,e..:,. 

A [VW~ de.c.Li.n.e. i.n. /l.Clhu, .o/ c.el!. ~ .i..o expected GA 

watvi. de./-i.ci:lt!J de.udcp, wLiJi. ~ CRa<WUJ tdUU1. iwu;;o/Z. r~ 
fu.eh, Q/U!, d..iJ.1, af. ~ &vt. Celi ~Mnl /Z.ll.c~ fwu;;o4 f..o 

e.xi.vu:L tA.e. c.dl ~ and. ah,o ~ a ~ i.n. i f..o ~ ~ 
i.n.io tA.e. .en.&u;J-nr, .c.e.U. T 1-i.iA ~ n.uc:lo i.wu;o/l. i..o k a&,~ a 

mi.Jwnum k/i:>1te. ~ ~ O.c.c.wt.6 ( ~ d al.. 1971) • 

Fo/l. ~J ()/WWUU} 1J.eJ:;eJ.aLiu.e ~, .one .o/ f.A.e /.vz.d. eJ-1..eci..6 o/. 

eut.o~ .i..o a /Ut.duced JLaf..e o/ <;A-Cwili 4 ~- T/2.e e/µci o/ /t.lUL­

uc.li.on. .in~~ ~ .t/2.e f..oi.al. .lea/ a/UUl. /,.o/l. [Jlwf..o,61~. 

Jn. c;vuvui1, .c..e.11 .enlatu-;enzvd. ar~ to .tJz. molte. ~ t.Aan. c.J_i. 

cli.L1i.<>i.cn. (ffl.e.y.vt (,~ &')'Vt 1972) altlww:Jt Ki.AhJwm ei.. al..( 1972) /owul. an. 

~J .e//.eci o/ o4llv.)U..C. ,o0lul..ic,u, on. .u.11. cli.ui..4i..on.. 

Th.L £/j..eci o/ ~ ~ on. 1h..e mai.w ii.-0~,ue o/L .tlwi. Q{1/l'Wa.du.ru; 
rnaf.wui.lj, ~ f.Aat o/ ~ d..ev.elc pm,eni., ~ fVW ~..:,<>i. illl. 4 
.i.n. pwie..i..n. lupwl.iµ,u and k.aklowi o/ no/Unal .c.tdl. pm.ci..i.on..o. T!i,,u, 
~ ~ wti..cA i.-<>~, /on. rJ-ani. u~ aAJe. unLi.h..eli; 

i.o /te.COU/l./l /,Aom a pe,;u.od o/ ~-

( C) I ?cot. dtw.tdcrme-n!: The o LUY1.all. ()4Dwi.h. o/ i.Ae 40Ci -6IJ ~ 01t. 

.i..L6 ~ .i.n. ~hi. .i..o ~ ~; tA.e. ~ o/- M4Un.i..iob. 

ptom i.h.L uw"t .bt i.h.e ~piai.iL•e .d.cuj.e wilJL (}/Wwi.h ~nA ~ ot 
le461VL -UR(X)/l1.an.cR_ ( SiA.eet 196 9, 1tai.A.i.c.h. & &wli.nr.; 197 3). T h.L .60UA.Ce6 

o/ tAi..4 ~ wz.e f.A.e 1.oweA. bai~ on tluz. ~ {)<aw.oon. & H.o/.dA.a 

196 9), and. oi .tAat ~ IAmuJ.o.cabd f..o tluz. ACo:U, po64-i..th; ~ 
than. 0~ .t.h,uuL .i..o ~ l,o/l. <JACwi.A,' tluz. ia1an.c.e.. .i..o ~ (11.aiA.i..ch. & 

&wli.ru; 19 7 J) 0/Z. e. KJckl. i.n.i.o .th..e ,o0.U { ~ & ~ 19 7 4). 

'Poot (J/Wwt/2. .i~ /lel.aii.ve.l.,; ~ f..o ~ .leuel.o o/ .601.l. 

wai.vi. potud.i.al. .i.n. i.lie. /UUl.c/4- down. f..o -4 f..o - 7 taA. tat .kl.ow ihi...6 po.i..nl. 
~ .i..o a rnaMlld. «duci.i.Dn. in. mcd .opec.i~-6 o/ planiA ~ ~, 
cof.i..on. (T aLJ.l..o4 & Rat..li./1- 1969) and c.oNi ( ~ & R.u.oe.1.1. 1956). 

La,.,.,,/.oJ,. ( 19 7 J) /.ound. iAat <JAOwlh. o t ~ 11.00LI> .d.o()(W1. al. -10 &vt.. 
T lwz. 4/~ o/ ~ ~ on. /Wot ct..(wd/Jpmeni. i.n.clide a /UWl1c.li.on .in 

~ o/ ~ ac.iiui..ti; ancL ACoi. tdcnt;ai.J.on. and. ~n. 40 

afleci.i ru; th.L ~ and rudA.i..eni. ~ pw~ ot i. Ae ACoi. .6lµJ:.u,.. 
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T IUl. plwi.o~ c.apai.i..li.i'I o/- rdon.to .u cl.ei.vun.i.ned ~ 
&; t./2.e i.o.i.af. b.a,/ aAea and ih.e aci.i..v..i.l.t; o/ ~ un.il. o/ .le.a/. I.Jai.eA. 

~ .can. liave. d.iA..e.ci. and. .i.ncLbteci. .e//.e.c..lo on. (P/5) and on a n.um/,..eA, 

0 f i.n.i..eAm.edi. C.OlllfOn.eni-6 and (VW~-6 • 

Jn ~, n.e1. {P/5) .w A.educed (Vl.O~-ot>i_vdtj 4 ~ ~, and. 

fl£flaii.ve 1xdue.t> maJJ cuw.e1o12 when ~ .w .oeJJvt.e.. T /2.i...o .ll..e6f0n4e. .w 
~ paAi.4. 4 '-'WJ o/ ~ CIJ2 ~; /_ailowuu; .d.omaial c..lo4WU! 

and pcvii.l.i; it; a cLiA..ed. e//eci o/ ~n. on. ih.e (P/5) ~ BotpA 

& ~n ( 1975) uwwed i/2ai at (&) o/ -18 i.o -20 k, ih.e (P/5) 
4ak. .o/- mai..z..e. uno 15°), o/ ih.e c.oniAo.u. &tpA ( 19 70) uwwed. i.h.ai. ..i..n .C0/1.n 

.d.omal.a ~ i.o dw.t padi.aili; ~vz. lea/- 'ff ~ l,.dow -3. 5 

£.cvz.. fo4 .6()t;£.e.an rLe-1>i.ccaLion had rw ~/d on d..omai.a uni...i.1. .leaf­
~ i.o -11 &vz.. 

Non-qcL.i..c plwi.orJw~~n., cvcli.c (Jlwi.orJw~/l'flati..on and 
d.eciAon ~41 tlvwur/i, phoi.o.61~ 1 and 2 a1te. /lJWucecl at fu.j if 
.klcw -10 £.cvz. (Ke.eh & &IJflA 1974). Jn addi.ii.on i.o .t/2.e. ~/ll.CU> o/ .&w 
Lea/- ~ on. t/2.e rJwiocAem.i.cal. [XJAi...i..on. o/ (P / 5), ilieAL aA.e. a1AO ~ 
.in. ..1ame. o/ i.he. ~ o/ i/2e 'c.Latz.k' /lRacii.oM. A.d.u.l.o~ 1, 5-dipho.6(lhale. 

COAl,oJCL)~ acii.ud'I .w A.ecluc-RCL w/2.en. ~ GA£ 12l!A./.0NntUl. on ~ 

piom ~.iccated l.e.av,e,.o (lluj./akvz. ei. aL.1970/ }Jhn.aon. R.Lal.1974). IIDw­

™, none. o/ ~ ducli.e.6 d..tunon.dAated an. £/.I~ 1.cvu;e uww/i, i.o a.c.counl. 

.co~ fO/t. Lu ~n. c/- J>/ 5 ..i..n .i.ni.act ha/- (Jcruu, 1973 ,' J.olm.6on. 

~. al. 19 7 4). P M.6/lMen.o~ .c.cvil,cna;~ and /ii. l.u l.o.61Z.-5-p/w~ 

~ aJAO uwWl2£1. L.ilih. c1uuup- i.o .t.e c.o~ie4 .lun.i.Luu:, r llu//ahvt 
~- al. 1970,· SluuvunaA ~ al..1972). 

T IUU), .t.h.tvu .w a ~ ~n. o/ a ~ o/ rvwce.~ o/ fu 
.li</d ~cii.oM o/. (P / S). l3oi;ui. ( 197 6) ~ i.o ~ .t/2ai iAe ~ o/­
(P / 5) a/Le. .luni.i..ed. ~ &; .61.omaf.a,.l e.,tµci 04 .c.o.Al.o:.c.;laii.on acli.1.ii.i.i.e.-0 

0/L ~ a c.omt...i.nalion. o/. e/faci-6 ac.co/UU.JU/ i.o tluz. c.ond.i.li.orw; and i.A.e 

.ope.c i.e.t> .iJwo.l.v«L. 

Th.e avai...l.ati.liiy o/- -oui.ial,..h. ..wJu, /.o/L ~ ai.60 ~ 
(P/5) .6UCh. i/2ai (P/5) i.-6 rr.eaii.J; /l.ed"cecl ,duuz. ~ ui.i.L-lzaii.on. 
i.-6 i.mp.ecud.. Dwu.n~ ~, ~ (Vl-O&d./.J; ac.cunw.1.ak at -6.i.ie.6 

o/ (1'/S)1 ~ha/~ i.-6 ~ .o0Qll.M and. io a~ 

~. Wa/1.Cllaw (1967, 1971) ~ .t./2.U .in.~ and. .c.onclirnd .tlud. 

ali.hou.r/i Laa/- (P/5) lLb.6 not a/µri.tul uni.ii. <Jll.Owth /taie. ha/..~ mvluced, 
.i.hvt.& ~ no ~ o/ 4i.nh. dz.e. ~ a//~cihuj ('P/5) ll.£lU.. lie.. 

(10.ohd.aied i.hai. fu 1.acA. o/ 4U.i.iaik ~ .c.ou.ld. 4daAd. (P/S) und..eA. 

~~ c.ondi.i i..orw;. 
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(lJ) Wal..tv,. d..';(...i..c.d.6 and ~n. T ILLo e/µci i..6 di//-lc.tdi:. 

to ~,. ~ .i.i. iA a ptto./,bm o/ ~ ~ dMA 
~n and plwi.o~n and h.en.c.e. i.n ~ plwi.o~n. 

Ptvd. cl, ~ cli/.li~:ftlJ iA due. al6o i.o d.omai.al. c..lo./.,U/U!. and 1./u,_ (lO~l.b. 

di/./~ i.n .6h.o.ttf. ilVU1t and 1.onr:; f.vun 4~• Jn ~I i.h.e,,u 

L&n6 a fllt.O<j/t~,,! .. 4iue. ~ in. dattk ~n o/ C.O/Ul.1 40~1 o.nd. 
~.J.oWIZA .6h.oolt, CU, waLeA ~ ~ (futpA- 1970) • 

Th.e. q/.e.cf. on plwi.o~n iA di.f{i.cu..lt i.o ~ f..ecau.6e (P/S) 

iA (l'W.c.e.eduu; ai. i.h..e. .60/n.e Li.me. A compli.cali.cn livte. iA i.A.e. rnaAk.ed. ~ 

l!fllilm.C.ll. o/ ~non~, ~ d.omai.a1. c.lo~ ~ 

.i.ncluce,t, a ~ i.n 1.e.a/ ~dwr.e.. 

AnoiJwr. c.omman .ej./.e.cf. o/ i.xdvt. cu,/.i..cih. on COAJ.clujdAai.e m.el.al,.oUam, 
iA an~ i.n ,l.l,J,CA().6e. .l.e.VPh and ad~ in.~ h.vd-6. T~ 

a/UZ. aA«Jc.i.al.ed. wiJJ;. Mduced. (Oh~ ~A ~ ptom 4U,C/i 

f.a.ci:.oAA M ~d ( P / S) and ~ lu;r:vw~ M we.ll. M ,1t«luc.ed 

~. flill.vt. & ~.I ( 1968) .c.o~luded ihai. Mduced d,a;u:A /.0M1-
alion. ~ an. i.ndbttt.i ~ Of ~ .61.LCAOAe. ~ 1 ~ t/2an. 

a d..iA.e.ci. ~/.e.cf. o/ ~ on daA.di. .1,1;nJ.,~. 

Jn 9vuvud., i},...eAP.. L6 a c./..0,1,e, ~ o/ iM 7Wwih /UJk o/ 

d.iwe.l.ofWUJ U46t1U, and O/lfl~ on pttoLun. ~ and ~1.l.JJ 

~ fVU>i.su.n. .61frt.f.h.e-oiA and 7WA and. lWA and lJNA l.e.v.e.lo. NucLei.c 

a.ci.cu, M.ll. c/. 111.a;j'.o/l. .i.m[lOni.anc.e i.n ~1.1.uloA. devd,opn.enl, and. aw; .eJJ~..c.i.A 
o/ ~~on ~ .C.Ofnfx:>unc!A 1.,m.dd le ~ io eli.c.i.i maM.IUi. 

duuu;eo .i.n i.A.e, <JAOwi.h. /l.eA{).()/l.&e o/ rii.anla. 

( A) 'PMw.n. ~ Shah & loc11tU> ( 1965) f,ound. iJud &>th. 

.bJiuJ..le and total rvwi.e.ui .c.onl..en.Lt, o/ AU:)a/1. £.e.ei. ~ d.e..c.li.n.ed (VlC<;­

M-Mi vdij i.n a mai.f..cvt. c/. elmµ> Wl.llL ~ ~ wi.:f.MJd.. T ILLo iA ai.iA.i.t­

uf..tzd i..o iu.i.h.eA. a Jt.ei:aAdai..i..on .in. ~6 O/l. i.o an. ~n. o/ 

~n.. N.iA .ei. ,(d. ( 1970) cf..ovwed. ~n. o/ am.i.nD acid .i.rtw/l.­

('0/l.aLion in. .1tDCi api..c.e6 wh.i..c.h h.ad. t.e..en. ai./l. ~ al. a c.on.bwlhd. ~, 

.tut. onh; .i./- waivt. 1.o~ ~ mo1z.e t.han. 30% o/ llte. ~ ~ ~. 
lJh.i.nd.6a <f Cb.J.and ( 1975) dencn.dAai«J iJud ~ dA.e.M> Cal.YIU> a 

~ .inh.d.it.i.on o/. iJuz. ~ o/ Av.ena c.o.b.opf..lle. (llt.OLu.ru., 
wi.1A fu ~ o/ .60me (llt.Of..e.i.n.c ~9 ajµci«L lo a ~ .e.xi..eni. 
than. fu .1,~ o/ o~. 

Pc~me. /,oNnaf..i..on L6 d.owed and f../l.e.ahdo1.41. .Oc..c.LVl.A dwt.i..ruJ. wai.eA. ~. 

T h.i.6 c.ould k due .e.ii:luvt. to a cLuuu:i. e.Jj.e.ci. on ll..2. ('O~me. · '.11t6dv.e..1, 
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.O/l. .on fu .cur21i.b.; .o/ m-l<HA wu.di. iA ne.erkd µi/l. po/J;,t,orne /,.o/UTIOli.on. 
flo.i..atJ ( 1970) di.owed thai. ~ ~ .o/ eLLol.ai..e.d ma.i.ze. ~ 

cau<;erl a du.Ji. pwm pelt~ f..o morwmvu.c. /,o.1UTt o/ i.Ae. 4i£c.a1J11LU .i.n 

~I f!NJWUU/ ~ ii.,M,ue.o ( a .l.o-M> .o/ 10% c/ puuJi. WIU.Cjd 
.i.n 15 ITWUJLe,o). On~, i.Ae. /l..ikJ.al)rne<; ~ i.o fu pol.J~ 

l,.o/l/11.. floi..ao .6ufj<pdul i.h.at d4e46 eJ/.ed.o .on. f!Wl.e.-i.n. ~ 0/l.e. 

mai.nli; at i/2.e. ~l.aLi..on.al. h.wd iecau<Je c/ fu ~ .o/ fu /Z.l!AfOl1.-6R. 

i.o ~ and cpu.c.h /UW.eA.oi.f...ili.4- l,.'f Ml-~. 

Shah. & Lc.omiA ( 1965) f.ound i.h.at 'LJN!l c.oni.ud fU!A. .cell .o/ ~ ~ 
ieav.tU l«.l-6 A.educed /u; ~ and (J!WiA.act.ed w.i..1.f..uu;, wlu1.e !WA ~ 

L?.nd.ed i.o ~ at .l.ow ~ 1.e.v.dc. T luu; c.oncliKled thai. lWA ~ 

i.t:1.6 ~ cu, well a.o .a1Jm.e d£rradai.i.on. .o/ MA.~ & 'Bcn.n.eJt { 1959) 

~ fu ~ .i.n MA .le.vd.-6 i.o vJwn.ced ~n. .o/- P.NA. 

T/2.e. cLl/-1-vut.nl /Z.l!Af0n.42A .o~ -"; LJaA.i..ou.c; w:;M..e/l.<; aA.e.. fJIW.l,.a,U,il ~ 
.i.n .alJme ~ i.o i.h..e. d. ~~a1 £1.ag.e. ot i.h..e. Li.~ue,.o and iJu m.ef.Aocu 

o / ~n. .emt do tpd. 
Jfai._ and C.O-llXJ/l.k.e/l,6 { 1967, 1968) /uwe. pod.J.dated a /4.eJ; Ml..e. /,.o/l. CJJlo­

/un.i.n.6 .i.n ~,;ulaluu; pwl.e.-i.n. ~ d.wu.nfl ~ and ~'J ~. 

T li..i.A ui..euJ iA ~ on iA.e AMuci.i..on .i.n CJjl.o~ .i.n Lea~ tt; ~ 
(~ pm;.e. 30) and .on iA.e al,.i.l-i.4 o/ ~ lun..elin. .O/l. ~ i.o 
~ a rl<1Ai. o/ ~-fljjded /Leducii.on .i.n OJTUJU) acid. .inc.onpoMl..i..on 

o/Z. .i.n Lea/ [J!Wl.e.-i.n. coni.ud. 

Jn~ ~u:.i.Iuj ii.-l><>tu!.1 (J!Wle.i.n. ,61~ Gf3/UUl/l.6 i.o k ~ 
and ~ii; ARl111ced t'J vvu; mild waivz. ~. T /i.e. ~ /Z.l!AfO~ 

i.o ~and~~ mm; /,.,e. c.oni.A.olhd. at .tAe. ~n .levd. 

fW.CW { 1973) /l..e.Ckoned. i.h.at iA.e ~ /oJt fu ~rt.6e. iA .d.i.ll. o~. 

{'f3) 'P/l/).li.n.e. and oi.A.eJt mni.n.o a.ci.d..o T.oi.al. puu am..uu, aci.cu, .i.n 

1~.,wu, o/1..en. aAe .i..n-C/Uza-6ed .if 4eV.eA.e wahvt ~ .lad..c, 4'Wvz.al daJ.14 

i3aAn.eli & Ncuµ.o/l. ( 1966). lmi.d.eo I~~ (i3aAn.eli & N01;J.o/l. 

1966) M fJ!W.li.n.e. Acu, iA.e mod ~ ~ (Patµ 1968i kuil.ei; 1966; 

5.i.Ju;A .e.1. al. 1973a). Jn .ca~ ( SoA(Jbum t...i..coip/L L.) hatllU) .o/ l~eA. 

~ µ.et.cl. <JADkn rJ.an.l.o ac.c.umu1.ai..e ptwl.i.n.e lo a huel. ~ ~ 
~ i.Aan. .i.n n.on-~ rJ.an.l.o (Wal.cb,.,e. .ei..al.1974). ~n. l.eaJ 
~n aJiv,. ~, ptw.UU. c.oni.R.nf. ~ ~ i.o ptt,e.-~ 

hue.'-4. 'PM.li.n.e iA dwz. i.o ptwi.e.-i.n. lupw~ (Patµ .J..al. 1966) and 

"""I k oJ<i.diud a.6 a~™ .o/ ~; ~ci.a¼ Wit .f.h.a. ~iupttai.e.. 
.c.oniu,,t .1...4 low (Oah-6 .ei,. al. 1970). 

S.i.n-911 .e.1 al. ( 1973.t.J i..ndicaied that, &:vt.lei; ~ ~ ac.c.um­

ul.ai.«I IIIC)/Ul. ptwl.ln.e. i.and. i.o ~ ~ ~ ~ III04e. /l~cdi.l.t; 

and ~ m.o.1t.e ~ /.oll.owuu; A.e.li..e./ h,om. .tAe ~. T luu; &VJ'ie.d«I 
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t/2.e. fO~t.1.e /l.OUU> aA.e ( 1) to n.e.uiAali.z.e to,c,Lc. pi.ee. ammtJn.ia (Vl.Odteed. 

i.n. wai.vz.-~ 1..eaVRA and. (2) to ~.e. a6 a~ /,oJt ~n. 

and. ~J 40wu:..e. .f,o/l. t/2.e. IUU!Ov.lVUJ o/ fJ-u. ril.an1 /r>Uowuu;; ~. 

1.3.4. 

Todd ( 1972) lidecl 40me i.weni.1J-/.i.v.e. ~ a//eclecl 4 wal.Vt 
d.!/i-ci..U. I fut. .e/.feci.6 o/ ,nodvud..e. i.o ~ ~ on .e.n.zi;m.e. l.eveb, 

aA.e. a6 jDiloW6: 

a). ~ .i.n.vol.v.ed. i.n. lujWW~ C/L ~n U-61.tai.4 ~ 

af. t/2.e_ ,4QJTUZ. i.e.ve1. OIL ~ / fJi..e.r; c/.o noi. ~ uni..U 

/ai.A.IJ; ~ <4!-<>i ccal..i..on. l1a6 i.ah.en. ~. 
/,.). ~ ~ cp.ruv..aliJ; Cait4e.6 an. 0~ ~ i.n. ~ 

h.vd.. 
c.). 1...ev.e..lo o/ 40nuz. .en.zipuu, ..i..rwolv.ed i.n. ~ aA.e ~ 

and l.tw.el.o o/ oi/uvt..t, ~. 

l'lai1aA end. Pau.li. ( 1965) o~...v.ed. ni.lAate. ~ ~ i.n. aciwil.'l­

.ecvz4. .i..r.. .tA.e cUu;i,nr; .c1;cl.e- unR.Jt .li.1t.1.e cluuvp. i.n. lea/ ILR..l.aiwe waLvz. con.tnzi 
()C-CU/l/l..ed ancL al. t/2.e. .6{JJn.e, t.im.e ni.1Aate. ac.cunudai.ed i.n. t/2.e. [d.anh,. 
T fut. fud o/ 1kni;J.nl,aru.n.e. am,noru.a-~ ~ ./ound aLao to ~ w.i.1A 
m.i.1cL to mod.vud.e ~ dA.eM and to r.ecov.eA /U!..Gdi4 wi.i.h. ~ 

( l3aAd.zi.k e.1. al.. 19 71) • H.6.iao ( 19 7 3) -<>Ur/~ ilud. /..ecau-6e n.ilAate. /l..lUL­

uciade a.nc1. ph.ero;f.a1.mun.e anunon.ia-1.i.JGM, &,iii. luw.e uw4i /2a1./ ~ and 

4e.6f0nd. /1.a{UCL.'1; to~ ~I and lut.n.c.e. ~ (J/Wi.ei.n. ,41~ 

JX)uld. ac.c.ouni. /.c/t i.li.uA ~ acfi..v-dv,. 

ol-~ and /Llto~ i.n. 1.e.avu aA.e. ()~«/. to ~ wi.i.h. 
a 111()~ i.o -6.e~ wai...e/t d~. Th.e. ~nal ~ o/ ~ 
~..d ~ 0~ ( fw.i.aa 19 7 J) • 

So~ ~ i.A.at a,i.e .uwo~ i.n. .tA.e plwi.o-6i;n1Judi..c. ~; (VU, 

n.oi eac.i.h; /IJ>du.cec/ i.n. acl.i..v..J'J ,½ mud. ~ ( 1-lt,..i.no 19 7 3). 
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JniNxLu.c.1..ion 

P lani. CJN)wi:.h M/U1Wfte,4 plm;. a c.eni:A.a.t. /Wl.e. .i.n. lll£. .i..n1vvud CDniA.o1 

~ o/ pl.ani. (j/Wwi.h, ~ wi.1Ji. 1w; nudaJ.o.li..c. (W>~ 6.~4 

-6UCA M nuch.ic ac.i..d and (JIUJLR..i.n. .61.~. 7/uu; maJJ .e.i.l.AeA. ~ 

O/l. ~ '}/1.0wi.h JUJi..e., ~ Ll.fOn ~ n.al.WL£ and con.c..e.n.iA.ai.n. 

TAR. QJJ.)W1,6, & c;_,;lc~, and th.e ~ a/l..e ~'I-~ 

a6 <j/1.0wiA d..i.mul.ai.e/1.4, ~ ioi.h. ~ and. ~de ac.i.d. oµ.en 
i.nh.i1,..iJ, crowiA. T~ ')/1.0wi:.h ~/1.4 a/l..e con.c.vvi.e.d. .i.n & ovvz.all. 

(j/WwfA JUJi..e. and .i.n. ih.e CD~n o/ ()Mwi.h. acf.i.1.i.ifi.,M 4 aci . .i.ru; a6 

duzm.i.c.ai 4U",;nab,. T h.e.t.; mo1..J£ pwm one c.dl, i.i-o.6J.te, ,0./l. OALJGfl, i.o an.otluvt 

and ~ [W>v.i..de. a llUU.I.M, o/ col1lllUJJl.i..can teiuie.en di./J~ f<JAL6 
o/. th.e pl.ani.. • 

T 1-,,u, /U?.W e,,, wi..ll COVVL al,.-<>ei4i.c ac.i.d. ( MA} and ciµo~, ar.cL £Xalll{d..e.6 

ot ~ ~n .i.n. CJN)wf./2. /VWC~. 

1. 4. 1. Al,-<>e-i<>i.c ac.i..d and .Llt, rJuvw·menon .i.n. p1.an.U 

At..oci.4ic acid ,U, th.e iAi.v.i..al /lal1l.e. fO/l. 3 m.ei.Ju,.l-5( 11 -lujdAo I 4 1 2 1 6 i 6 I 

~ 2'-c;_)C-1,oh.R.x.en. 1'-tJl.)- c.u, ~2,4- ~.i..c. ac..ici.. 7~ 
nai.wtal. at.4C.-i4.ic ac.i..d .U ~~ i.o a6 ( + )ABA and. & ~ ao (:) 

A73.4. ~, Al3A .i.n. ~ ~ i.o tA.e naiwial. ( +)MA. 1'~.o 

1 and 2 a/U!. cikd. <J'W~ .Lcctn.e./t.6 o/ AZ3A. 

&uuud-C.lcvik d' l<Jzj/.cMd. ( 195]) /.iA.d:. defecfed i.Ae. i.nA.d,...ilc/l. p-.c:.o~ 

~ .U an unruvz..Ll.ud piacli.c,n o/ one ~na.L CMOmal.o~:, and ~ 

.i.nh..i..!i.i.NJ .i.n. .dOm.e. £.i.DaMxzlJ-4• (1Utc/Vl.Ow ( 196 7 J dated iJiai. ADA .u th.e 
mod acfi.ill! CCtnf10nud o/ th.e ~n. ~ compl..u. (/uvi.e. ~ i.r,dicalion.6 

Viat q.uanLi.i.al.i.u.e ell/-~ .in i.nAiJ...lto4 ft CDni..vlL6 /U/hl,ei iAe. ~wanLltaJ,.i..W! 

LJaA.i..aLi.on4 o/ Al3A (l..h,uµ & lli.Aon. 1970). IID1.1J1WVt., .i.n. pof.ai.o i.uJJ..eA.o, 
iAe. .i.nhi.Li.i.o/l. ,S con4i.d6 o/ ~ c.ompowid.o .i.n.c.1.ud..bu an. aciiu.e. pli.e.n.o.UC. 
~ ( IID.ld 1971). WilA pea /Wof ~, i.Ae. ~4 f:, .c.on4i.do 

o/ at had i.lvuu. ci:,mpouncu, .i.n.c.1.ud..bu ~t:.i.nn.am.i.c. a.ci.d. and. Al3A (T i..etz 

1971). fY/,od_ /IP4'1/h, 4llfj.<Jed iAa1 .48A ,U, iA.e. ~ and, d.orru.n.ani. 
<;NJwiA .inA.i..tUc4 o/. & ~ 

A14 l4Go fu,.d. .LctJ.l.ai.ad. pwm 'P'WUJ ci:,li.on pw.i.1. '-'J OMunca d. al..( 1963). 

Tli.e. ~~co~ 4 Lcwt/,oill d..al..(1965) &; .61~. Jn 

mod rJani-6, i.Ae. na1.wiall.i; oGCWIA.UUJ iAonuvz. o/ at<>ei..6-i.c ac.i..cL .i.A .e.iA-I03A. 

T /laMI-AlJA .i.A mu.cA l.olutVI. .i.n. ci:,ni.anl, aNi. ~ acti.1.111. '1..o.l.o<;ical-4 .than. 
A73A and. ..dio ~ fll.i.<;h1 ~ 1o .lu;hJ. .i.J>duc«I C..OfWRA,6.j.()fl pwm. c.i.A-Al3A 
(/Jo~ 1971). 
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Anoi.AeA. n.aiwtal1.i; o~ ~ .tt.e..l.tib.d io ABA i,,6 a~-1>c.i,cijL-<Jhu:,o­

PJNUW~ t 'f ~ J). T /2.u ~ /.urd. .i.Ac..l.abd /Mm ~ pw.i.1,6 
o/ l.up.i.nu.o l.uleu-1> ( K,;,~ d.al 1968) and~ i.o h w.idd,; ~­
ui.ed. .i.n. pl.a,,.l6. /Yl.t.&M.Ow ( 1970T 4Mw«l. fAai. .t,~ A23A ~ i.o 

i.omai.o .6/2coL6 i.U6 ni.elat.c.li.z.ed. to i.h.u, c.ompound. r'loJUWuvr., & ~c~.u­

.i..vd.J; lur;A Al3A c.o~ .in. wi..ltuu; plan1. li4611e lU'1,6 a.c.cn~ /u; an. 

~ c.oni.£nl. o/ i:A.e ~~.in.~(~ ol.vuic..ia L.) 
dwz,n. 4 Ze.warvd. ( 19 71). T lli r;J.uc.o-6-i.d..e. luu, i:A.e /wu:.Lion o/ a 'icund.' 

~ /cMt o/ AZ3A and luu, ~/UJ a.cli.v.i..t'I un.en lupu,4,u:d to 'pt.e..e.' 
AZ3A (Od.o/Ute. d al. 1972). 

(A) 

ABA iA uiicu.l'J, ~ in ¼hut pl.a,,.l6, aM. Nl,/J ~ cuiecf­
«I. in al b.ad /od.J; .6[U'-C.ie-1>. ~lai..i~l.'1- lz..u;/2. arnounl..o ~ kiln. /.ound. 
.in. pw.i.1,6, ~ ~, .t.udA, t.u./,.Vt,6 a.'Ui. .i.n. ~ and. ,t>i..li.~ 
havu. TM. M/U/10~ 1.eJ.Jd ,xvr.i...et, in M.l.aLi..on to <j/1.0wi.A and. d.iw.t>..l.ap­

m.eni.al. (J/Wc.L4U-I>. 'Da.v.i.A d • aL. ( 1968) Ul.o~ MA ~ d.wu.tu; coil.on. 

/AJ.Li.i. cuwd.o~; /oA. Lt«llllflbt a 4L6e. in Al3A 4tl,6 co~ wi.i:A ~Ult9 

c.oilon /.IW.i.i. ~n. and wi.1.h. & ~and~ o/ fu 

rna1wte ~-
Al,.-0ei...t.i.c ack1. luu, fun /UjrJ4i..ed. to o.c.cwt .in. ~ o/ /1.00U 

o/. Un,d ~ tr~ d aL. 1971} and Zea f1U1J~ (Kwul.u & Aud.i.J.o 1974a, 

1974.t ; Wi..lhi.n..6 & Wain. 1974 )-. Of.luvr. Jtdat;;_z-~A.If -6t1..tdan.c..u ~ 
a.lAO A.u.n /.ound. .in. /l.O.Oi. ~, ~ xani.Jwx.i.n. O<.undu. & Aud.i.U> 1974a } • 

kco/lcli.ru; to ~ aui.h.o.lU>, fll3A iA tLMJOc..i..aied. ~ ld.i.h. th,e /l.OOi. 

.C.0(2 and. JCani.h.oJW'l .u, ~ci.af«I. pc~i.tly wil/2. th,e 'Moi. ~m;. AZ3A 

4tl,6 ~ pwm M.RCLli!Uj /tOOU o/ V.i.c.ia /.aJ.a. '1; ll-Ani.al,li; d' ~ 

( 1974) and ~noiA.ahd l'I ~li.qui.d., i.h.i.n-1.cupA dvz.omai.t)~ o/ f>LVU-1.i.«L 
~. 

TM. ~ .o/ Al3A .in. ~ vatd.aLe. Mn.6 /l.ef'Oded. p,n. Sal.Lx. 
v.i.tn.i.ru:Lli .£.i; leni.on. d.al.. ( 1968) and /,o.tt I~ an.nuu6 .£.i; /lead. ( 1975). 

( .lJ 'l3.u,~ of ABA 

AZ3A i,,6 ~ .i.n. "'1!.U~ cli/j.lA.Vli. p,cvd6 o/ pl.a,,.l6. uavll,1 

/AU.ii. and ~ /.i.441ce4 ( coi,µ,don.6, url.o~, ~IUJ0.6) luw~ fun. 
UVJld'I. i.o .i.n.coll(JO/tLll.e. l.ateLl«/ rn.lZJXd.Dnoi..e, hdc AZ3A ( fV..lloAAOw d .al.. 19 7 3). 

T ~ .6Cho.o.l6 o/ i:lwur;Jii. .o/ .li.o~ o/ AZ3A a.tte, Lt.ie/4, ( 1) llud. 
Al3A i,,6 r~ ptom a ca/Wi..e.noir.L, .i.n. ~ uic.laxani.A.i.n, ,4 ph.oi.o­
Lyli.c cl.eaomp. 04 oxidaLi.ve. (J/UJ~i and (2) thci. Al3A .l4 ~ 

.ii; a cli.,uu:,f /I.Ou.f'1- j.Aom nuwal.on.i.c. ac.i.d.. 

Xani.lwJW'l tr .u;wz.e. I,.) /2ad. t.R.R.n d.eleci«L a-I> a rJi.oi.ooxidali..on. rvz.oduc1. 
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o/ xanfJwplu;lh,, ~I pwm ui..o.la.xanih.i.n. (Tcu;J.o/l. & Bwidtui 1970). 

Jt ha6 kn. 1,ound .in. ~ ~ (F.iAn ~ .al.. 1971) and. .can. t.e. c.orwvd.ed 

.c.Aem.i..c.a1. .iJd.o 1-Al3A (Bwulen. & T m;lo/l. 1970). ThR. ~ of xan1hcxi.n. ,· 

/,.et.A. .cL6 and fA.an.6-xmdJwxi.n. //Wm ui..o.la.xanih.i.n. .Lt, .bw and h.i..r,/2. ~ 
~ M.e. ~ /.o/l. plwlolij4i.6 .i.n. ui.iAc (/Yli.JJ,c/lAOw 1974). 

~I 'F.iAn & T/U..Vld ( 1972) luwe. ~4'.«J. i.luii. .i.n. .o0yk.an. (fly..ci-n-e 
.IIOj.a) Li.po~ i..6 capalJ..e o/ .el.ea.v.i.w; ui..o.la.xanih.i.n. c ~dai.i.vdi; f..o 

le/lift 4i.m.ilaA. ~ , .i.n ~ ~, lo i.luii. /.oNTU!.d. ~ 1hi..o­

~. T h.e. po4o.il..J..ldv i.lw1 xan.l:Aox.i.n. i..6 ~ tt; 1h.e. ac.Li.cn c/ 
.Li.po~ /1.emD~ 1h.e. ~ o/ .luj/21. PJ4 .di, ptwdw:i.i.on. 
fli..Uc.lLILOw ( 19 74) /l.U:Mn.ecl that xanllwx.i.n. .i.n. .the. ha/- .lo an. ad.veni..i..lu,U6 

fVWdu.ci. l,o/lme.CL 4 ¼)d. and. .lo unLiluli; f..o .le. a ~4 o/ .the. do­

.i..co11UVL cf. ~i.6i.c aurl.. 

/Yli.11,c/lAOw & NCC>dh. ( 1970) ~ th.e. .6.e.C.{)nd. po~h 

/WuL?_ c/. /J..o,1,~ and. /cund iJud lt3 - nuwalcn.i..c. a.c.id t.xl.4 c.ol1J.JVZLed. 

lo Al3A ui.a an. ~:,c,i.cu (F .i..ywte.. 5) wlu.c.h mai; t.e. a cLi.A.ed. ~/l. c/. .4214. 

w~ ii.M,ue wV.cA /uu, an. DYCeUi.v.eiy. h.i.t;h. Q/Tl()uni.. o/ ALlA, c.ol'WVl.LecL 

n.i.n.e.. .li.m..e..o mcM..e nuwalon.Lc. aci.d. .than. non-wi.l.i..i.ru; ii.<><>1.,e. 

T ~ nuwi pai)u.xu; o/ ADA IJ..o.61~ 4Uf1l.6 f..o k a d.i./uu!i. on.e., and. fu 
de.rradali.on o/ c..vd.aui xaniJicplu;lh, f..o MA mi..i;ld. k c/ 1.ll.46 .i.mpo~. 

J?o~ .ei..aJ.. ( 1966) ~ cumcn.dA.ai.ed f.h.at i.livt.e Q/Ul. iJ.AX:> [JOC.U 

o/ ~id IJ..o,Q~, c.h1.oM(ll.ad.i..c and .e.xiA.a.-dti.oMpl,adic pwm 

~. Al3A /uu, ~ k.e.n ~ pz.om c.h1.o.1tC>rJ.cu,f.o o/ P.u,um ~ 

ec.ie.6 4 ~ /1S (lki..lt.on .ei..a1.1974) and. ..u. ,.i.n all. pw~ IJ..o~ 

.i.n. cM.oJWrJ,a,d~ o/ (U)()cad.o (P~ <E.iA4imi..a) IU.llo.1VLOw 1974. 

(u.) ~adaf-f:c!n o / ABA 

/1.ilk,M.Ow ( 1970} ~/lh.cJ. .t)u:d ( 2- 14c) J.atel/.ed aJ.-<>C.iA-i.C ac.i.c/. t.xl.4 

c.orwvJ:..«l. to tJvz.e..e. ~: 'f1l.ei.ai,o.llte.6 A, 23 and C'. ('~~ 

A and 23 we,u. .idenLip.e.d M rrudlu;J. ~i~ and. ~4LJl-f,-D-<jlu.c.D­
fl',fMUW~ /l..e4/leci..i.vely.. T luA ~~ ~ (T .i.J;wul. 3) had. ~ 

~ 4 &~ .ei. .al.. ( 1968) a.o a majo1t meiaJ.o.li...t.e. and. 

OflfUUl'W lo .le. a ~ .do/Ulf/t!. fVWdu.ci. /,o;i ~ ABA. T niA c.olll()()und 

haA i.un. ~ .in. c.ihuu, 4 <;c1cloclim.i.di. ( 197 3). 

/'l.ei.at.ol.i.i.ti C (T ~ 6) 4\2.d .i.Ac.lai..«.L .i.n. CAJJdallin.e. /o/lm and. had. 

fu .4aJae p/uJ-6-i.caL (JIU'~ a.o pha..oei.c ac.i.d. ('f .ir;wi.e. 7). T h.i.6 1w1.ak>Li.i..e. 

c.c,tdc/. undvu;o an .i.ni.uinaL nuc leopA.i...li..c. aiiach. o/ a Ju,dAcia;J, (}",OU(l 

on a dcuUe. l,.ond., f..o ~ ~.c ac.irl.. Pluwe.ic ac.i.d had. ken .l6o.lai.ed. 
pwm ~ ~ (P/aa.uAhu, vu.irjOA,i6) l,.'J ~ ~ '!.:!:_ (1968), ancL 

!£Jund.~ .i.n. ~ ui.n.e (V.i.l..i4 ui.nyvia L.) 4 lolJIUJ & ~ 
( 1973). 
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{ .LU.) I /l.anL>po/11 o/ ABA Uh..e i.h.e ~ o/ Li.o.61,;nJ.luu..it, and 

~n, i.h.e ~ o/ M/UnOn.e. ~/11 0/Ul. o/ <;JUUd. -Un(JO~ 

.i.n. ~ i.h.e lw/UllOnal. .e.rw.iAonm.enl., and. /2.enc.e <r>wtJ,. ~ o/ 
i.ndiuidua1 ~ did.ant pwm tlte.. .oewu:..e o/ i.h.e ho.lURDn.e.. 

lu.incj i.h.e dono/1.-/l..e.C.e..iJ.UVt .6ljdem. wii.h pdioh. and d.em ~ o/ 

{.oi.e.J.u, and. c.oi.f..on, AZ3A ~ dwurL to k ~/I.Lui_ VVUf ~I wi.lli.i.n. 
i.h.e ~~ ii.M,u.e wii.h a v.el.oc..i.1.'f oi 24 to 36 nun (UVl. MWL .i.n. 

lo.le.tu, and 20 1.c JO mm {JVL lwl.J/l, .i.n. c.otion (J.eLi..ohA (Do~ and. &ti(JVl-

1968 1 J~ll and Sm.i.1.h. 1971). T ~/11 .i.n. 'fOWUJ {.o.!..eJ.u, pd-iofu 
~ mai.nli; ~, ~ .i.n. oideA. fi.-<>4ite-6 o/ C.O.l.e,w, ~ no fOL­

aA-ii'I 4tl.6 o~. Jn c.otion p.di..oi.eA, lwwe.wvt, no fO.l.cvz.i.4. i,x,...6 f-ound. 
/Yli..llc/L/Ww ( 1968) noi.«l. al.oe a ~ fO.l.cvz.i.4. o/ 3: 1 .i.n. k.an. 4Jlcii oru,. 

Jru;vz,aoll and Sm.i.1.h. ( 1971) /l..e(X)/lhd that ABA f.~10/11 iA ARduced 

.t.lj 'fJNP ( 21 4-d.i..n..lt:Aopliencl), low OX!.f)Ul- f..en..o.i.on and 1.ow ~ ( 2 C). 

Th..e. ~4'. Of Ai3A tlvwur;;/2- .exp1.an.u iA c.o~ to i.e. a m.el:.a&,li.ca¼ 

c.oniAclhd. c.ell. to c.ell. iAanjJVt ~ iAan pAl.ollRl ~/11 £11.cat1-6e 

tA.e. 4-ec.li..oM a1te. ioo dwd:. l,o/t ~ i.uku, to j,un.cLi..on. Tiu, ~ o/ 

ABA ~/11 aA.e .co~ d.oweA i./2an .t/w4.e. ~ /.o/1. ..i.nl.act 
~am ( 100 to 1500 mm /UVl. lwl.J/l,) 

(73) P .l.an.t /l.Uf J0/14e.d io a!...M:.i.oi..c aci.cJ. 

'l1wad4, i.luvi.e aA.e. i.uXJ majo/t <j/W~: ~¥:JnA.e.o o/ .i.nA..i.l,..J.n. 

and rvwmoi..i.on.. /YlucA o/ i./2.u, -6ecfi.an w.i.11. ~ fu 11.0h o/ fu 

rJ.ani. MltllWnL ~ .c.oM.d.ai..i.on /.a.cf.c.lt-6 .i.n. [d.ani. IUU>~ti4(l.O. 

(i..) 5~ i)~ .i.n. t/2.e. h1.1efA o/ cAioMrJu,11-1 fVLOfu.n. 

mu:1. lWA a..u t)u,. fVW~ "'~nu, o/ .lea/~. Bach. & Ri.dimand. 

( 1971) ~ ar~ io ~ fVZ,OllU)le.6 ~ wh..ldi. mai; ~/11 th..e. 
(WJfO«d i:.Aai. Al3A j,un.cLi..oM G-6 a ~ /acf.o12. .i.n. bau11.-6 and. ah., 

pwoww i.luz, ~ .61,;nJ.luu..it, o/ ~ ~· tO/L ~, 
ABA ~ luw.e. ~ .tA.e ac.li.ui.i,; o/ .dvtomai.i.n.-a4'JIJ.ei.afed 
/U&)nuclea-6.e .i.n. 1.X.Ci-611.d ~ haue..6 (S~ 1968) and in .l..ean. 

udD~ { d.Jt Lao & Sa<:AeA. 19 71). ABA a1AO ~ tA.e. ~ 
o/- cellul.a.u. .even. ~nd tA.e. IU1i..e. .i.nduci.t.l.e. 4 ~ (u.wi..6 & 

Va1U1e1t 1970). 

lea/, ~ iA a c.o~ and. ~ /1.llf/'daW fVW.c.u-6 and .i.1. iA 

~ c.oupbd. wi.lA .tA.e de,,elopn.en,i o/. tA.e. rJ.ani. a.cs a ~h. Tla.i...6 
(WJ~ at«, bwt:,.l.utu, oiMA. IV}/UTl()ruu, Li.Ju CIJio~ ttnd. QJ.l.)Wt.6. 

~lun.i.n,..lJJu. ~ ~L tv, iJw. 1U>Oi. dJ.aJ; hz4 ~ 
on. J.ni.ad ~ (S.i.iicn. tdo al..1967; WaAA.i.tuJ & Sdh. 1967). Tiu, 

hDNnOna/. ~i.on .i.n. ~ iA ~ mediahd iM.ow;J,. a ~ni.,,.oL 
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o/ DNA ~ M'A .t>1~. 

{ .i.i) Atoc.i-64ion. Al3A ~ at.-6C.i..~6ion. .i.n. ~i..&ed ha/ 
~ ol, .ci.iA.u6 ( Allman. 2I, .al. 1971) I l..uu,_, e,offi)n. ( CAac.h.eA. .ei. al. 
1969), and. C.Ob.uo (l3ei,J.e'J R1 al. 1972). JJ.i//u,oaliU> jAom ~ C.Oh.u.6 

~.!Ju ~ . cd~n., ~ di/I~ pu,m IJOIUU} pdi..ol.e.o 
de1.cu; ~ · 66i.on. 0u.u:.hvz. d. al. ( 196 9) /.cund. iAat ABA ~ .uu:.­
/UUJMrt e1Ju;len.e. ,~n. and c.elful.a..oe. ac.i..i.JM.4 .i.n. c.oilon. and &an 

~. ~ luu. ~ hn.oun. i.o k a uuu; (X)tud. al,,~n. ac.c.-

.e.leA.ai..c4. ~ al,..,t>u~on, ili.vte. .Lt, ah,o a ~ ~ .i.n. ~ 

(f'loMUi 1968) and fUVl.O'C,ida<>ll, ~~ and. plw~ (Sui.cli//,e, 

d. .al.. 196 9). Such ~ can. k ~ i.o k rvwmoi.ed ,4. ALlA ao a 

c.o~ o/ .i.L6 rvwmoi.i..on. o/ af,,-4ci,.M.i_on.. 

( i.i.i.) ywwih. ~n. T Ii.£ .i.nJut.i..li..n. o/ fu ~wt:A o/ ~Le. ~, 

~i.-6ed o~ Olt ~ .Lt, the. ITllJd ~ ~ /LU['Ol'L6£ i.o lll3A. 

Al3A ..i.nh..i.t..i. <JIWwih. o/ all. pcvti,,o o/ rJ.anla and. e,o~ f.h.e. ~/UJ 

£/..µu:.lo o/ & nai.wud. (JltOwili. (Vl-Omcf..i.n.g c.o~UJ"l<U ~ ~ w.lt.A. i./2.em.. 

H4i.aD ( 19 7 3) and lli4J.fluul ( 19 7 2) rwi.e..dlii3A ~ i.nl.vuwde .doru;al..i.cn.. 

P.Lld ( 1972) deiR.Anun.ed th.at f.h.e. ..uvut..do/Uf ac.Li.on. o/- AZ3A on cdl. dnru;­
ali..on ~ i.o k c1u.2 i.o an anlm;;oni..-6ii..c 2j/u:i. on. tu.JJCi.n.. 

T /2.i..6 <jN)wt:A ~n. l.A ~ .i..n. t.lvuu. ~/A: 

a) Ji. u, ~ (X).teni., l..ei.ru; o/ th.e ~ cJUl..eA. a6 i.he. olJi.vt 

na1wud ~/t.6 (0.05 to 0.5 w;/ml ~ a 50% ~l'L6£ .i..n. 

mod i..ed..o (~ d. .al..1967) 

I..} Ji, CLJA k ~ .&; ~val o/ i.he. .oowu:.e OJt 4 ~ o/ 

.c.) AZ3A c.o~ i.he. i.ou.ci..f.'I o/- ~-o~ c.o~,u 

o/. the. <j,IU)wili. (VWmo.li..ru; ~ (fli..llcM.Ow 1966). 

Jt u, 4µc.£1.l1 i.o de.m.o~ ~ .end.o().etU)uo AZ3A ..i.nh..i.t..i. noAJTULI. 

<;Mwih nia,i.n.h; l..ecaJJ~ A23A c.an. le J..i.c~ .i.n ~ ~ of- & 
plant. and. th,vu .u rw /uwi,n i.n/u.J..i..to4 o/ Al3A !..i.o~ yet. 

Jnhi.t.itoNJ ~ .i..11.c..lucli.ru; Al3A a1i.e ~ .i..n. .co~ 

~ 1.aJ.vral &KU (~ 1964). JnAi.,i.io4f3 and.~ 

AZ3A ~ .i.nh.i..Li.i, oui.-9Ao~ iduui ~ .to tA.e.. lat.tMa1. ludA (BLum.eni.hal. 

.ei. aL. 1965). ~ pu,m d.vuu:i. <;tWwiA ~n., A23A c.ould a.ci. a.o 

a I Mt;ali L~ .effeci I on. rwiA.i..en1 a.cc.umulai..i.n., and. lwu:..e. /te-6ldt. .i..n. aplca1. 

~. fo4 ~' .i..n. ~~ <>1Zecllhu,f6, ~ t.d.ow fM. 
~ .lea1ieA and iA.rui.ter.L wi.i),. 1.ow amouni.'6 Di A23A (0.2 w;/m.l ptVL pl.ani.) 

a ~ ()/ poi.a.4<>i.um and p/w~ltl.U> .levLlo un..6 o~R.d .i..n. i./2.e._ ~i:,,;J.. 
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( .i.v) lJo~ T/2.e. .i.nd.ucli.on o/ iud. dolllllarlCIJ ..io on..e o/- the. well. 

kn.oldl. ~ci.6 o/ ABA and ~ o~JZd. /.w,l .i.J; la~-6 & W~ ( 1964). 

~ n o/. AZ3A al<>O rvwl.on.tf6 do/Una/l.CLJ• T/2.e. lw/lm{)nal. /UUJ'd.aLi.on. o/-
J.u:L do/UIIOn,CJ;, at b.ad o/ i.vuwud.. ..i.url.o, matJ o~ a6 f.ol.1.oW6. Acc.um­

ulali..on o/ 1123A at .t.lie. <JWWUUJ ap-ex. c /. ilU!. rJani. .l.e.ad.6 i.o .i.nh.i..t.iti.n. o/ 

~ ~,d/2. and ih.e /.o/UllaU..on c/ ~ ~. T/2.e. /U?.U<u,e pwm 
£.ud do/UT/an.CJJ ..io ca11-o.ed tt; a ~ c/ ih.e .lev.e.l. o/ l(iJA-1.iJu ~ 

and ~ o/ fu Levd. o/ ~ and awd.n.-1..i.Juz. ~. 
Lew i.empvwi./.Vl.U, and (lM.i.opvu.od. maLJ k /aci.o/lA ~ ~ ih.e JUt­

h?(l.Ae pz.om d.oAnU:VU:.IJ (l .i.nh..lin & s~ 19 70). 

( 't,) ABA .iA a poi.ul.t ~JZ. o/ ~ ~n.1 and .iA ~ 

a6 t/2.e maj,o/l. fl/Wwt.h. .i.nh.i.J.i.ic1Z. .in do~ ~ o/ maJUJ ~ ~ 
£1..ai. 1967 ,-Mon.. 1969 ,-~ndh.e.i.m.eA .ei..al.. 1966). ABA luu, fu .tU>h. o/ mai.n.-

1.a.i.ruru; fu da.h. o/ .oe.ed. do/Z/lUJJU:J;. Khan. ei.. al. ( 1971) ~ fVUJpo-o.ed 

a '4XJ/lk.llUj lu~i.h.u,.i..a o/ .oe.ed. do/ll1UUU:.LJ and ~n. ac.co~ i.o wAicA. 

~ ,.io t/2.e. {vr.i.ma/u; ~ f.o/l. ~n. ~ iAe. .tU>fu 

o/. e.nd.o<JUU>U6 CL,jl.oiun.i.ru, and .iM.lt..i.1.o/lA ( l(iJAj a/Ul. I~ 
1 and I p,..e.­

~~ I. T /2.e. ~1.'-ial /UJh. .o/ ci;f.olun.i.n. .iA i.o /LR.lllOlJ.e th.e l,.h,c.h. i.o (JVL­

mi..nali..on .caiu,ed l,.!f t/2.e, ~ ll. and all.o~ t/2.e. ~ i.o c..orn.p-ule. 
th.e,,in. ~ ac.Li.on.. 
~ £ff wlu.c/2. ABA ~ .in .t.udt, and. ~, cou..ld. k 

4 ~ .ui ~ o~ 04 ~cal..i.on i.o the. ~ o~ 

pwm oJ.h.eA. ~ Of f.h.R. (li.anl. lJ~ .eJ., a1.. ( 1964) UWi.n iAai .fu:wed 

of .6'fCL1"1')4.e. ~ mD/te. AJJA-.li.M_ .inh..i.1...i..M unav, UWd c.ondiluJn.6 

.tJum .Loru; c1cu;o. i 1~ i.nh.i1..i.i.o/lA a/LIZ. rvw&d.b.; ~~ .i.rt & rJd.c~ 

.6a{l i.o & r;Mwi.ru; apex., ~ i.h..e.i; ac..c.umu..lai.. !ID~, Len.I.on .ei.. a1. 
( 1971) ~ r~~i oui • ' iJul, cn~n that. ..:Jwlfidm.J-6 .lead. .lo a ~ 
.in MA ie1.1el.6 mud 4l2J1U:Un. op.en- i.o qued.i..otl uni.il ~ a /1..U>ll. ha6 .tu.a 

de.me~ 4 cll'l.eC.i and ~c.i./i.c ~ on 1k ABA c.onl.eni. o/ 
JZXiAac.U> I I• 

( u) At..6ci..-oic ac.i.cL and wai.vi. JUdaii..on.6 

T /2.e. bwd c/ Al3A .in ha, le.d .c.an k /LaMed .i.t; a lXl/U..eLj o/ ec,nd:.i.iiL>nt., 

~ ( WJULJld 1972a , 19721), ~w,inr; o/ the. /LO()t 4l;dmn (W~ 

1972a),1.ow /ld.aii&ltl lwmi.clit'I {f"li.vzalu. d. al..1971), 0,4111()Uc. dlU~ 
( /'l.i..vuih,i .ef.. al.. 1970) I La.c.k ()/. m.iJuvia1 ~ ( f'l.i.vt.ah.i. d' J<i..chmond 
1972), a,id. ~ (tru..Uo/L/Ww cf ~n. 197)) and. .i.n~cli..on. wi..tA iJU!. 

~~ ~ P ~""'l'Ul,,6 ,4()~ r Skodm.an. & s~cpuilUI. 

1970). A t:.0mmcn. ~ c/ ~ faci.c,M .u iAai. iJw; a/led tlUL ~ 
~ o/ (llan.u. 
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W/U.fjd. & fwwn {1972l, 1973) l,ou.nd. .thai w/2.en. .ed. dwoLo ~ 1,ii.ltec11 

iA.eA.e. ~ an. .i.n.cA..eCLA.I!. .in. f3 .i.nh..iLiJ:.o11. .c.omrJ..ex.o T h..ei; ident.iJ-i..ed. the. m.aj,o/l. 
.i.nh..iLiJ:.o/l. GA ( +) /:BA and cLep.ned the. .c.ond.i.i.i.oru:. wuiell. wluch 1/2.e. ~ 

o~. A t.XJLvl. lo~ o/ aku.i 10%, of fu .iolal ~ Wl!.l.# .cn,u,e.<J 

an. G{3/VWx..i.mal.d.i; 4 0 /.old ~ .in. i:Ae. ABA c.onieni.. A k..eJJ-~ 
.i..6 fu ~; o/ fu ~ .in. A/JA. The. CJJJ1./2o11.4 .c.al.cu1.ated. ik. AZ3A 

.c.onlenl o/-~ ~ fuwn l.eavsu, ac, .i.n.i.Li.a14 6 ur;/ /u; ~ lo 9 u.c;/ /u; 
wi.l.lun. 7 ,~ c/ 1k 1mAJn aiA. ~; 33 w1/ kc,; ,4. 25 ITU.JUILe,d and. 

68 UCJ/kIJ wi.lJun. 45 rn.iJu.d.ec.o WMJd. & /wwn {1973) .()~ f}io1. l,.oi:Ji. 

ihL l..evd o/ con-~ cuuL o/ jA.e-e AZ3A ~ co~;. A ~ 

cbuunai.i.c. /l.-W2. .in. AZ3A conieni. .on wilLi.ru,; /2.cu, ie..ui /,ound .in. & 11,t,.oe.l .c>fAOuLo 

{~ & lwwn 1970), p.e.a,t> (LxJ.llf/liruJ d..aL. 1974, Jv'f 1974); .61.VJOA, CCLnL 

(ff/od 1971},. uJi.eaJ. (f"/.JJ,o/lA.OW .ei.af..1970); .iomai.o (~ 1976), raaiu 

(~d.1 & Cnlu.n. 1974 ), -<xJ/Ujuun (~ & [.oh.en. 1975, 0~ ~.aL. 
1974) and i.o£.acc..o (&~ & 7-li.clunond 1976). 

T AL ~ ~ i.n. AZ3A .co~ .in. wU1.ecL leaue-6 /U!JTlaUl,,o /aiA.li; 
.c.ond.ani. unLi.l 1/2.e. 1.o-M; of f.wu,;o11. .i..6 /1.U/ai.n.ed. rv..lt.oll.ll.Ow { 19 7 4) /1.e.Ckoru:. 

1/2.al i}uvz.e. a/1.R.. 1vz.o.t.alil1; fJvz..e.e ~ ,~ 0~ :-

a) ~ .<J~ ~ 'oilll.R.d. Li; willi.nt;, 
!,) a d.op frUU><JaC,JL w/2.en. .ou/-~ ADA ~ k.e.n. /,oJl.lll.W. cuuL 

c) ~ i:Ae. le,~ o/ de.r~d.i...on o/ AZ3fl O/l. & ~n 

Of~-6i~., 

f~w & lhl, .. i.ru,on ( 197 3) 4WJ<;;ede.cl f.lwi. iAe. £XC~ AZ3A pwm fu 2( 14 C) 

d.i..oi.4-/[/J;.l o~ a ruupli.ue /.~ .loop a11d dof2fU!-CL i.Lo oun ¼.<J~. 

6u.cLenc.e. i..e.nda i.o .<JLU~ iJud. i:Ae. 11.af-ud ~ .i.n. AZ3A .iA not cb.u. i.o 
~ /A.Orn a '&Jund' /.oMl lut i.o .<Jl;n.iJ~ fwm. nuwal.on.i.c. ac.i.cL ( ~/lACw 

& Nocldl.e. 1970). 

Z.al.ada1 (1974) un~ on h.xJ -4fU!.c.i.tU> o/ ~4'.a, o~ i.hai. 
thvz.L .i..6 a fJvz.edwld w:dRA poivd.i.al. ilwt ~ AZ3A ~,. T Ac. 
ABA ~ ai. fu i.lvz.u,hold ~ polud..i.al. L1' -<xJ ~ fJud a Aeduci­

,UJn .in. Lea/- lAXJLeA. pci.vd..i..a1. o./- oriq. on.e aimo~ nuu; cau-6e. a ~ 

/l..lA.e. .in. AZ3A pwm i.Lo ~ fud. ~ & C,ahLn ( 1975) c.cn..p..mn,er.L 
i.h.ai. ~ .i..6 a JJvz.edwld value. o/. ( LWP) .le.I.ow ~ ABA hueh> ~ 
~ .i.n. mai...Zll.. C.wnm.i .. lUJ ( 19 7 3) and fV..lt.o/lAOw { 19 7 4) (W)ui.d.ed. .60ru 

lWid..uu:..e .t.Aai. AZ3A oGl!u./l.4 .in ~ .co~ .in. the. .c.dl... Q,u. 

(-IO.d.tdak .iA iAat ~ ( LWP) ~ iJie.. iJvuuJwld. ua.lue, a /l.11.~n. 

o/ A23A O.c.cwlAo Th.e. /leduci.i.on .in. AZ3A al. .c.deA Of ac.c.unudai..ion mJ..# .in 

i.uAn. act. GA iJie.. iA.i.c;<)VI, /,0/l. ~ ABA ~-
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loue.iµ> d' ~ ( 1974) demo~ i:.hai. mo.i..d.wu. ~ i.n. ~ 

ui.ne.o (V.i.f..i.6 vlol/Paa L.) c.o~ i.oUXJ/lLU all~ i.n. d.omai.al. 
~ (~) ~ c.o~ wi.i.lt ~ .uue.U ()/ .uu:k,<pUWuo AZ3A 
and~ au.d .i.n. ma1wz.e. fL>li.arp-. P/2.aoe.ic: au.d ha..o ~ ~ 

a6 a 4-rJP.Od.ud.. pwm ~n. o/ AEA (~ d..al.. 1973). 

r ui.) Al,.4C.i..4i..tJ. acid. and d.omaia T/2.e. cl..o.ouA..e. ()I d.omaia 4 AZ3A 

.iA an. .i.m[)()d.ani. Mh /..i.A.d 0~ l,'J- ('~ cf Vall Si:.e.v.en.i.n.c 

( 1969). IID.td.on. ( 1971) ; )nne.-6 and f>1an.q.i..Jd. ( 1970) luwe alee dwWIZd 

.that. .exoc,-enoudJ; appli..ed ABA Aa6 a cbuunai..i..c. 4µ.ci. ()n. d.omai.al ~. 
~n. o/ { :)-MA a1 1 LVJ/ml ron.c.eni.Aali..on. cau~ d.omalal d..o.61.VL.e. 

i.n. i.e.av~ o/ w'i..eai. and ~ and al«> Aeduced ~n 4 Ofl.ll. halj. 
T al.ha & ~ ( 1975) d.ucli..ed ih.e. ABA '4/~ on. ~n. o/ l£a 

~· A li.n.e.aA. ~ndi.ip o.c.c.wvz..ed ielMetZn. i.A.e ~n. ltOLl. 
o/ l,.oi.h. cudach.ed. and. .i.nl.aci 1.uw~ and i.h..e c.on.c.eni.Aali..ona o/ ~ 

ABA. T /2.e. ~ and. ~ oj. i.h..e ~ e//.e.d d.ep~.nd~ 

on. i.h..e c.o~n. o/ AEA and i.h..e ~ci.lUJ o/ rJ.an.f u.o.ed.. p,n.eo & 

f1aru+i..e!.d (1970) /1..eflO~ i.hai i./2.e. ~ o/ .61.omai..al. ~ .i.nr/i,ced 

&; 10-4 
f1 ABA .i.rt i.nl.aci. hm~ c/ Xani.li..i.um. ~ ~ µ>J&. u.p 

i.o n..i.rte ~ aji.eA. ~n. Jn. c.oniAad i.o J.on.e..6 and fYlan.o/.i.Jd. .6
1 

JZ.e.&1l.i ()I d.ow .6icJmai.cd /U!..C.0~1 ~ ~. al.. ( 197 2) h.aVI!. o~ 

cpuf.e. Aaf.ld /U!..COtM?,~ /Mm A23A ~. T /2,u, mm; luw.e. ken due. i.o .t.h..e. 
/acf. i.h.a1 i.A.ei; apf-lucl. Ofl(J/l.O~ i..e.n. ~ mo/1.IZ. M/UTUJn.e i.h.an £1XJuid 
/u:w.e. .t..e..e.n. ~ i.o cl..o.6e i.h..e. d.omaJ.a; i.h..e. LX-Ce~ fllalJ i.h..en. liav£ acb.d 
a6 a 1.11..eAVWO.i.A. 1

• , -~ d.al..(1970) n.oi..ed i.hal ~ hai~ dww 

.6icJmai.al. /1.IZ.L:O~ i.n. 1 i.o 2 daJµ, l,ol..low.i.n.r; wai.tvz. ~. 

T h.e. e/~ct of Al3A on. .t.h..e. ~n. Mk mai;- k cli.Mu~ i.n. 

/till.a.Li.on i.o .t.h..e. ./o ll.owi..nr, po-6<>i.t-i. lif.i.e.6: 

a) A di..M..ci. a.cli.on. o/ ABA on .t.h..e. d..omai.al. ~ ( ~ .c:.d.1..6) 

'-) Bi.Dc.A.em.i.c.al. ~ .induced 4 ABA. 
i.) Al3A /ia,t, ~ dwlAn i.o ..i.ni.vu.zc.i. w.i.i.li. oi.h.eA !wN110n.e.1, i.n. 

~ /wll.fll()nall.i; ~ rJani. 1Ul.6(XJ~ i.Ju:bduu; iJw. 
anf.ar;oni..dic e/µ.c:t o/ A23A and t!Jflolwi.i.n. .an. d.omatal. o~ 
(Jnd.vt. & T al. 1970,- f'l.u.A.aJ,.i. d.al.. 1970). 

i.i.) l..e.lJuzm( 1971 )l,ound. i.h.a1 ABA ~ii; ~ .t.h..e. fMOd-
u.cl..i.on. ()I w,A "r ac/i.uaii.on. ()I tAe. ~ RHa6.e.. 

CJaa,u;u i.n. IUlaO<pJWI.Ld -ULll!.i.6 o/ lfBA-.li)u,_ ~ can. c.ondi.l.ide a 

~ f.o4 ~ <Ja6 ~. T ~ l1Ul1J o.c..c.tlf1'1 a hai; po.6.ii..ion. 
J.n. tJu,. IUUJ'd.ai.i.on. o/ p/w.tc.61~ ~MlllJ1.C.lt. 'P.11.0.lorup.d. .el.o.dUIUl. o/ 

d.omai.a ~ p/wic.61~ and. po.66-i.'4 4'Ui.u.c.~ i}uz. ~ of l:AD~· 
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~ d_. al. ( 197 2) ,c,J.J.(jt,;e-d.ec/. thai a doulli.ru; .Of t./2.e .end.off€!WU4 fuR.J. 

o/ AZ3A u, .c,uJ./.i..ci.R.nl. i.o .i.n.i.Li..n1.e .d.ornaial c..lo.6Wl.2. .i.11 WR..ll ~ te.an. 

pl.anL:,. Cwnml..,u, d.. al. ( 19 71) po.i.nl..ed. oul. i./2.e. ~'f and. /I..IUJ£b_; 11.R.JJM.­

~'I o/ th.e A!lA acf..ion. on .d.omaia and .6Ufj~ i./2ai 1..6 1..6 a c;ood. 

mocLu.lato/l. o/ d..onudal l...elu.tl).ll)wl. ll.oW2.uVL, l/4i..ao ( 197)) qued.i.on..ed. wludluvi. 

l/2.e AZ3A a.c.cwnu.laLion. pwm ~ u, /(uJ. lll.QLJ.(;;/2. /,o/l il i.o k i.h.e. nuxhdai.o/l. 

o/ d..ornaf.al. /1.RAfOIW.M• 5.f.om.ai.a fO~I c..lo.oe. £V.en j.advL .t/2mi .tAe 

~ .in ABA. 

fYl.ana/..i..eld & J.o/U-6 ( 19 71) dwwe.d i./2ai ABA fu.atmeni ~ .in. d.aA..ch 

acc.wnulaLi..on. .in. t/2.e .cAlo/l.Oplad.4 and a /al.l .in. i/2.e. o.6ITIOLic.. poi.enl.i.al o/ 

gua/Ul c..eLlo pwm 14. 1 lo 9. 8 k. T h.eA.e. u.ac aLao a /1-u.x. o / I<+ od o / 

i./2.e. r;uwid. .c..e.llo. Ji uV/2 al/20 dwl.JI thai 1113A (Vl.e-Venle.d. t/2.e. ~n. 

o/ poi.a&.';.WJ11 ..in. <;;uci./Ul .ce.l!A, and ~ i.h..e. ~ .coni.enl. o/ .th..e.ui 

cM..o/l.0/ihJd..6. Th.£ auiJw,u, ~~L iJw1 AZ3A could. act on. i.h.e I<+ /bx, 
and c..a,u4;JU) d..omaf.al movem.eni./ flRAN'IU, u..i.a an. o.arnoLic.. ~ .i,n.vo.lv.i.nc; 
~ lu;cbwhj,6-U>. 

l~ ( 1975) ot.ol!A.Ved ikd iJu,_ ~uo ~ o/ CfJ 2 and. 

Adi I fO/l. fk mod.u.l.ali..on. o/ d..omalal ap.vJ.U/l.e .in. Xo.n1!w.un ~vuwn. 

Ji. Cif2/leW'A i.lud 11L3A /1..2.LJ~/ .llodM iAe.. acli..lJ.e. ~n. o/ II.+ pwm 

~ c.e11.<1. Jn. the.~ o/ CIJ2, 1../2.Lo ~uld had i.o a ~ ac.i..d-

.i/-i .. cal.i.on. o/ fu CJ.;l.oplaam and i.o d..omatal .c.l.o.6J.J/LR_. Jn. mafUf ~ 1£ci.,u,1 tli.e.. 

.i.nJA.ac.d~~I evol.v.ecL CJ) 2 mm; -6U./-/.i..c..e i.o du:.il ~n.. 11.oWLViVl.1 

m ~--6 wd../2. dA.ONj Ii+ 1uun;i-1, ma.lai.e. /.o/lJTlaLi..on. l<XJu.id Lu.u:l. i.o ac.i.d..i.p.c..n 

on.ii; .i.ri. fJu>. r~ o/ .LlBA. Tlu.1 po~;~ the. ~zali.on 
o / d..omnla lo C1J 2 ii; 1113A. Nol.e. ikd CfJ 2 1..6 needed cJ/2 a ~ µ;/1. 
llu!. ci.c...i..cli.~n. o/ L/2.e CJ.;io~wm ~ we..U GA i.h.e fA,Oduc.l..i..on o/ o.MUJl..ica. 
Tlt.e. ~ ~) Al3,:1 u, all.L lo /'JLee,;u-f.ai..e. d:.omai.a.l Gf uvd.li/1.e. /l..emai.n-6 

un.c.fuvi. A diA.ed .e.j./.e.d .in fvu,1.1:, o/ S!Jvuui.c.ecL ac.i.d..i.p.c..n /,.'I ~ 

~.1 o/ li.+pwm c,;ucuzd c..e.L1A ,u, an. aLfAacLi.ue. /u;po~ kd 1..6 dill 

luRO.t.h.ru.iA il.d 1..6 di.il //..2.(JlVlCl.ed cu, .6~u.e.. 
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( CJ I)/ode Of a.clion of MA 

& wi..1/2. -40m.e. ot.luvz. p.-&in.t M/lD/017..eA, Af3/l 1-iaA fVW~J ~ ~ 

~ o/- adi..on :-

.i.) l/o/l/TIOnal. 4µ.ci on i/2.e. erl.Z))PU?- .oi~ Gfl~o 

T /2.,u, .. includii!A DIVA il<lelj. O/l. aru; o/ i/2.e. /.ac.f.o/U:; (UVL~ .i.n. buvu>­
~n O/l. .U1.an..ol.a1-i.on. ABA .ca11-6e..o ~ .i...nlut.di..on of MA <l~. 

IJd.di..coiJ. ( 19 70) dwwecL ilwf. & acLi..on on nuc.l.ei..c. aci.d nudat.olu,m .i..-6 

lwu:;e-4; ilwi. o/ .uJ.J.lJ.i..iru; O/l. mocli.J.lj-i.m;; i/2.e. 4ipd}~ o/. one. O/l. mo.tU. majo/l. 

µa..c.l.i.on-6 o/ ANA. Ji 11U.11J .inlu1,..i.l ~ o/ & lll.Zl)RU!- ANA fX>li.~ 

.i.n. ~n {VZ.Oc.e46. T/2.e. ~n Lio.eh. iJw.6 /o~ ~ 
-6~ of {JNA-~ !WA. '&.x ( 197 2) ~ a rnaAk.eCi. ~ .in 

fA.e. "o/'ec.i.pc. acliv.d.t; of TWA rx:>h;nl£/UJ,6e, di.en. ITlCL,l.ZL .c.ol..eofl.i1.L6 we/ZL .i.n..c.ut.ai.. 

wi.i./2. ABA. IUJWIWIV1.1 L.e.d-uun ( 19 71) ,oJJ.CF~ i.h.a1 the. o u.eA.all ~ .i.n. 

l~A h.vd,c, .w cLu.e. io Al3A acliLJGLi..on o/ the. Ul.Z1j'llL P./v~ and noi ~; 

4 ~no/ RN1l [X>h~. T/2.e. ,node o/ 1WGA£ a.cliual.i..on ti; Al3A .w 
di.j.µ.c.u.tt io U£/Uf'f ( L.e.d-uun J' .Sdu.«vz.iz 19 7 2) • 
Jnlu..Li.li.on o {- DNfl ~ ( /l.efi.li..c.at.i.on) 4, AJ3A 1-iaA kn 01....ovwed. a1M 

.bl.J UWI. 0~ Jd.al. 0 { 1968) and lJaLf.on. .ei . aL.{ 1970). 1/ow-wVL /1..at.Vt 

d.al. (1969) -6/2owecL 1./2.at l!L.3/l .i.nlul,..d.o 1.diuc£ (Laciuca ..:d.i.ua) ..oeR.d. -- ------
c;vua.i.nai..i..on .in W1.C.J.JJ1u:.iwu:.R.-6 wu.di. do not .i.nvolu.e. DNA -<>1~. DIVA 

~ nw/-J .. nol /,..a a {J/1...UTla/UJ Lj/.ec.i: o/.len iJUA ~n d.o£A noi. 

c..l.o~ c.o~ w.i..f.h MA' -6 rJu~lo~ If~ ..oUC.h a,o vlC/lUJAe.f:L ABll 
Le~ .i.n. /UU>po~ io wi..ftuu,;. t~/l.1 i./2.e.n..e. .w ~ o/ a cLua!. 

£fl.ec.i o/ /l/3/l .i.n. -40llU!.. ('Ju~i.oc;;-i-ca1 fVW~ .1:>W:.h a6 ~ and 

al,~n, ~.i!.Oud.ij .i..nlu/J..Li.nc; -40ni.e ~ o/ nu.c.l.e..i.c ac..i.d. 
~do.li.,c1m and f)//.()1J1DLiru1 o~. Tha st.-//~ o/ Af3A on. DIVA and JWA ~ 

i.o k. ~.It.CL wdA cnAe. ( A:ldi.c.oti .ei.. al. 196 9; lliW-WUJ 19 7 2), 

T /2.e.A.e .w o{le.n a 11w/l.lud lc19 .i.n. lim.e. ~ 1/LJ!l iA.eainz.ent and o.t...ov~ 

duuujL-6 .i.n. nucl.e.i.c a.ci.d-6 ,<jJUJ<;J.e.d..uu-; i.ha1 & .ej./..e..c.Lt, may. k .i.nd.iA.e..ci. 

and ~rukuu;. 

il) At.~i..c ac..i.d. and al.1.od.vuj 
An.oi.h.eA po4o.i./J.e.. mode. o/ aci.i..on. ma,; .le. v.ia i/2.e. /lLl)'d.aii..on o/ & .el1.ZJ~ 

aci.i..LJ.i.4 4 allod.vuc. 1vwmof..i..on and ~n ( Sau.nde.A...o & Pouh,on 1968) 

wdJwui. cLiA..e.cL4 a// .e.c.Lbu;; ~n. and ~n.. T /2..u, W'.)uld 
m.ean. that AZ3A aclo on a I fVl4.o//JTU!.a -61,,L~n 1 1.e.ad.i.ncj f.o o~ .IUU>(JOn.6.eA 

wi.i/wui. a lcu; (U!/1-U)d. ABA ma.LJ 4VW.e GA a nv,;alive alk~ e/fecic4 
on .t.i.ol.a<;J-i.c.aJ.4 
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a.ci.i..ve fVW.Lwl-6 wu.cA maJJ- .i.n.c.l.udtz. ~ ~ .i.n. ~ Lio­
-"'~, and. ()n LJNA fOi.ipn.eAaAe.. van. 0~ J..al.. 1967 ~ 

(Vl.Of0.6lld. an. ()~ ~ /.o/L AZ3A acf..ion. a6 a ' ner;aii.ue' all.o~ 

i4µc.1.o/L ( r .i.tpte. 8 J 

AZ3A 

~~ 
2 0 1 

J 

'Fif;. 8 Tluz. all.o~ e/leci ()/. ARA ( Aµvt van. 0~ d .al} 

T luz. 'po4il..w.e' ll/-µ.ci:.o4 04 aci-1..i.>af.o4 .in. ih.eiA mode.l matJ k l'llt:J4e. ~,ic, 

1..£. ~1wu.n. Jt iA ()Odu.lafed tAat. ABA ailachm.en.t to iN.. rvwie.in 
.iA 4 IUQJU, 0/ ..ill, ()OlaA. CJACUfU> w'i.i.di J...i.nk f.o -4(11/C.i./i.c_ I al/.o.dvu..c. 4ii:..e,,o I 

-61.iuaied ()n i.h.e.. (lltOiei.n. ( .dac;e. 3 ) • T luz. ailadvn.eni. o/ ARA .cau~-o a 

-of.vu..c. .cAatup. ()t fu I~ 4ih. I I ~ fu ~ 0/. fN_ """"'-

dA.ai.e and. i1WA ~ .t..i.oi.o~ adi.1.,itJJ. JI t.A.e ac.u.uoi.c/L S!.~<J· 
i.h.e (VWITIDi..i.n.r, JwNRDIUl.1 .lo ai1acA«I. k/,o41lhand. ( dar;e, 2),- i.i J..endA .daJ.i..l.i.ilJ 
f.o tAe rvwi£.i.n. and. ~ ~/1. 0/. iAJt I~ ~ I and 

iJw.o .tAe ~ of. tJie.. ABA. 13.i.ol.c~ at:.t.i.ui.tv can iA.uL fll'..oc.a.ed. 

no~. f h.i-o mcd.td. oui:..li.n.u. h.ow .i.n. v.wo. 9'Wwf.A matJ k & pUJIC.i.ion. 

o/ an~ aliai.n.ed. teiMeen (Vl.Olll()i.bu; and.~ .µu:i.oil.6. 

AnoiAe4 .i.Jn,?04i.ani. ~ ad.ion. of. Al3A .6Um-o f.o k an. £/feri 
()n ~ fVW~• Al3A acL6 ()n. ~c.i../i.c. i.on. uplalu. ~ 

.6Uc.A. a6 fO~iUnt, f"'ao-op/w4U6 and c.M.o/1.i.cu ('Au.d. & 23o!U&e4 1974 ,·CA.am & 

'Pi.iman. 1972 ,- Do~~ al..1972). Tluz. upla}uz. o/ po~ ,µ,/t. ~ 
i.-o A«b,red "; AZ3A wLihi..n. 30 m.i.rud..eA .i.n. co.bcpi.i.l,e. ~ci-ion.-o, and. & 
.i.nhi..Li.i..i ~ a ntazinu.tnt ()I 75% wUh..in. 2 IIIJwi.. T MAe i.-o n.o ~ 

4elati.on. len,ieen. i.h.e. .i.nA.i.Li.i.i.n. "i <JA,OwiA and i.h.e. .i.nA.i.Li.i.i.n. o/ .J.on. up­
ialu.. An e/-.f.e.c.i o/ AZ3A on ih.e. ~ o/ rJani. c.elh and. .IU)()Ld a.6 

~ ~ i.-o a coniAolJllA4i<d lllai4A .( CAmtt & 'P.i.ima11. 197 2,-~ 197 3). 

T luvi.e 0/Le ~/Ul.1 h,,o ~ ol, .ll.lUfOIWU i.o AM, a CUAIU!i. , Aapid. 
4.e-ofl)IW f046U4, ()~ on.~ 04 .ot>/1Ul. ot.luv,. ~, and a 

d.oweA. effect .i..n.oo.lv.i.n.t; fu ~ o/ n.tzJ,J ~ fVLO~• 
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1.4.2. C!j!Ol<J/VJNS AHO PIID/a1cNA JN PLANTS. 

G;f..oh..i.n.i.n.6 a,u c.otnfOund.6 ,di.i..c.A rvwmoi..e. Gell. di.ui-l>i.on in ~­

UA.61. rJ.ani. .c.Jh (5/4oo9 ~al.1965). Tluu; a;u. <JILOwlJi. ~ ~ 
aJte. u-6l1al4 d.tvti.Liai iue-<> of. i.h.e. nucle-i.c ~ ~, ade.n.i.ne... T ha. c.ommon. 

~ c.t;fo~ .i.nclwu lun.d.iA ( 6-~ ) and. l3AP ( 6-

.kn.zl;J. amiJw~). &,d.o<pneu.6 c.t;foh..i.n.i.n.6 ~ zeaiin ( 6-( 4-~xi;­

J-~.in.anb-2-uu;J.) amino~ and. JPA (lf-iAo-~). 
Ualin O.c.cu.46 nai.wzal4 noi. on.ii; al> f.h.e. ~ ~ /ud. aJA0 a.6 .i.J..6 rwc..t.. 
.e.o.6.i.de. and nucle.oLi.cu. {/Yl.i..1.1vz. 1965; Leth.am 1966a., 1966.t). 'Bot.A JPA and 
uat.i.n. c.ond.i..iuill &; µv,. i.h.a. mod ad,w.e. c.t;J..ok..i..n.i.n.t> ~ cli..6co~. 
T ~ 04 .clc~ .11.~.l.aied C.OIR(X')Ul'ICU ~ ..i..e.e.n d.eiecittl in a ~ ;uuup, 

of- p1.anf,.6 (K.tznd.a. 1971). 

NHR" 
R' 

H 

R" /CH' 
-CH-CH=C 

2 

""'-cH . 3 

~ uai.i.n 

J'PA 
(.uo~J 
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A) Oc.cwut.en.C.e o/ '-'Ak.i.n.bu; 
K.ende. ( 1964, 1965) .olwwed. that xiµ.ut .6a(l o/- .4Un/.1.oweA.. .coniaiA.ed. 

~k..i.n.i..n..6 and.~~ ~k.i.ni.n. acti.uiLJ ~ n.ow JJuut detected 

in. XJJl.u,. .«lfl in. IRanlJ ~c-i.eo. G;toJwu.,w in. ,a;J..tun. ~ ic ~ iAe. 
.coaaon. ~k.i.n.i.n.6 detected in. oi.luv,. ,Jani.~ /,oA. ~ ha1ae-cS. 

~, kn.c-ualin A.do~ w .idenf.i./-i.ed pt,4i..iJ.uehJ in. ~AL 

.dafl 4 .co""-i.n.ed. ~ .liqui.d wwmalo~- ma.44 ~wdAJJ. r ~ 

.ef. al. 1973). T hllJj ~ tlud uoi.i.n. A.do~, i:h.e. puu. ~ and iAe. 
-;;;,cleoi.i.d.lZ. aAe ~ in. XJJ1.ent .6ap. . Sh.tUt& ( 197 2) ~ uoli1i 

and. :u.a1.i.n. .1W>04ide in. ~ -4Dfl o/- iAe. ~ vi.Ju. ( V.i.i.i.6 ~). 

/Ylo.d ~ ~d.-6 tluit .c1.,J:olun.i.n..o Q.IU!. o/ 400i, ~ Sut­
dan.c.e.o ~ .ci;lok.i.ni.n. ac.ii.Lii.4, ~ .ken. detected in. ~ o/ NlOi-6 
"/- .4Un/.1.oWllA (W~ & Voadi.a. 1965),· ~ v.i.n.e.6 (Stuvu1. 1970),· ~ 
(5/w.J. & TONUlJJ 1972a)i A..ic.e. (!Jodi.id.a & Cki.i:an.i. 1971) and. SpJ.aagn ~ 
(WDoll.Ju; & w~ 1912 J. Radi.n. & u,om.iA (1971) /cund. ~ allCwii..6 

o/ ihA..tu. L:JJi.ck.i.ni.n. .fAaci.i.orw in. cLeve&fW19 .tWOU o/ ~. T w, o/­
~ WllAe .cJvu,maf.o~~ ~ ic uoUn. Ai..AoUde and. ic uoii.n. 

OJt .i.1...6 A.i.&J-oide and. fu i.h.i.Ad p,acf:.i.on. ~ n.oi .idenf.i./-i.ed. 
~ dAonr;-4 /aooUA.4 Vt.e. ~ /1.UJ'LOl&.6 o/- fu AOOi.-6 

a-cS -o.i.i:.u o/ -41~. W~ & Vaadi..o ( 1965) j.owrl. that in. .4Un/.1.ow 
~, /A.fU. c.J.Jiolun.i.n..o t.Je1U c.on.µn.«f. ic ik tp>urup,d. podi.orw o/ iJuz. 
4001 Li..p. SNJ/Li. & To/Lll£LJ ( 1972a) ~ c.i;io~ in. Jot.A iAe. /A.JU 

/.oNa and a6 c.o~ ot ~ TWA in. .uA.i.a1. ~ o/ ,;ouru; 
-oeedliru; AOoi.o o/ {)'Ul• TM ~fl..d amoun.i o/ .c.J;iolwwa. ~ in. 

a /NU. /,oNR and. ~ .iA i-ANA ~ ~ in. iAe. ~ 11111/l.id.­
~ 0 io 1 Z.01&& ol t)UJ, nrm N:KJi ~. s~ (lllil)unL,o weA.& f.ound JA 

~ ~ 1 ;tQ 5 mm &vi.i.nd. t4ti. AOOi .t..lf, Zea,lin. ew:I. -U4 ewti.wtJu,u, 
and. an. ~ CJJf..oh.i.n.ui Q.IU!. iJuz. ac,l,i. ue ~ CJ,fok.i.ni.n.6. Shod & To/UULJ 
.our19e4fed. i.h.a1. iAe. '9u.i..e-ocen./ ZDntl.' and. fu .6UNUJ~ 11UV1..i duati..c 

ti-ut«e-6 a-cS eeni4e4 o/. ~lunin. p,wd.uci..i.on. .i.n. iJuz. ~ Li..p o/ {)'l4 4'Ula­
~. ~' ttddman. (1975) IAXJN'W'VJ on J.ni.aci. ~ ~ 
40.of. .t..ipt, o/. Zea ~ .olaowo thoi. at ~ /oUA. .t:JJi.oluni.n. jAaciiDM a,u 

~, iJud, .l-6 nucl.eoi.i.ck, uaUn. and. uai.i.n 4.i.k,,6,Jd.e and. ~ 

~k.uun.. 
( .i..) ~k.uu.n.,6 in. ba,iu and. oiluM pl.ani, p:vt1..4 

Ci;f.o~ in. .lea/- ti.~11! au ~ .in. ~ ~. /ku,ei.i, 

4 ~ (197.3'., 197Jc.) d.eiecied at had.~ ~lwn.i.n-6 .in aafu.ui. 

"4u,;• ol Po~ X ~4~, r1w. i:M.u. llfl¥'"' ~~ p.ad.UJrw ~ 
&eJ.J.n, and. ucd,J.n. 1cJl~,u.J.d, and a c.,;J.o4uun. ~4Jd.. T M44, ~ 
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~ w.i.iA ~ ( 1971) ,du:, .auw,edt>el i.hai. zeaf..in. and. .i.L6 ILito~ 

OAe. & n:.ai.n. qf.oh.i.n.i.n.6 ~ .i.n. M.oied l.e.a/-~ o/ P~~ 

~ L. Th.e. ~.lJJ<;i-caf. 41.r~ c/ fu ~~.of-
qi.oh.i.n.i.rA .i.n. ha/ i.i-64Ue /U!J1lai.Ju, wu:.i.eaA.. 

/lu;A 1.ev.e.1..6 o/ qi.olwu.n.6 aA.e. aho ~ .in otluvz. ~, ~ 

a6 ~1. t..i-6/>lul, tJOUJUJ I~ anc1 ~ r~ d.a1.. 1963 ,-L..e.tJiam 1966 

,-uiJuun & W.i.l.li..am,o, 196 9). J nd.iA.e.ci. JW.i.d..en..c.e ~d-6 i./2ai. & .u..ed. 

d.ou ~~ a ~ rvw~n c/ .i.L6 .oi.n CJJi.olu.n.i.n. (B.lunuua/Jd. 

& <;azi.1- 1971) and. i.1 .Lo qu..i.l.e. c.1.e.aA. i./2ai. a /UlJU}£ o/ c.u.li.wz.«L i.-i.M.Jte4 

OAe. t:.apaiJ..e. .o/. ~ c.i,;1.ok.i..n.i.n.a (1'1.i.wta & fLi.1.1.eA. 1969,· SlwAi. & 

Tc/LIUUJ 1972.t). 

( .Li.) ~Lu.,m c{- CJJ!.olu.n.i.n.t>. T h.e. ~ o/ nudaf.c.liom ,i,t, .of-~ 

.i.mpod..aru-JZ. .i.n. dete,r~ & lw/UllOnal. JVW.iAcnm.enl. ~ 940wt.A. IIUl1J .le.. 
/U9'tlaier.J. So 1,aA-, Li.ii.le .iA hn.own. ~¼ a/.ot.d & i.nLvuud and. ~ 

fac.i.oM wJu.cA ~ ~ rvwce.t>-6e.tJ. T hll. mdal.c.tu. of- c.i;J.oki.n.i.n..6 

~ ~I /ACJm rJ.ani. i..o p1ani. .6fR-C-i..e-d and. oho pu,m rJani. o~ 
i.cJ rJ..anf. OMJCUL• lfcwe.JJ.eA.1 .c()m.e., c.omm.on ~ Q/1.e. ~• 

WMJL p1ani. i..i4tJtte.tJ aA.e. ~ wdA .c.J.Ji.ch.i.n.i.n, i.hll. l.alh. .iA ~ 

4 a rvw~ wlu.cA ~ & 4i..de duwt. T h.e. pwi.i.n.e 4.-iru; .iA ,e,o~ 

<JUi4equerLlli; i..o ~ m.el.atc~. A~ pad. o/. fu ~ qi.o­
lun.i.n. /l.2.r!UUJl,6 .i.n1aci. and. e.x.i..d4 a-d 1k pr-u. ~ o.tt a-d JC.i.k,n11clao.6i.de. 

OJZ. /l.U,.on.LC:h.oLide (T mu .e.1.al. 1973) 04 a-d t;i.uco~ (PaA.h.tvi. & Wham 

1973 , 1974,- Tox. .e.1 .. al. 1973). A 7-<;i.u,c.c.oe. o/ :uaiirt (' n.aphanai.i.n.') h.a4 
~ deizcied i..n d..tvwci..ecL ~ ~ wlu.cA had. l,.aen. ~ wd/2. 
3 !i-ual.iTL (Pevthv,. d' Wham. 1973). Ji. .iA ~ en.Li; .i.n. i.hll. .coi-lJbdon-4, 

not .i.n. 1M. ~c.oi.,µ, f£U.ol.e. and. ~ .4af o/. .th.i...6 piani.. Ji. .oc.cu/lA 
a.l4o .i.n. ~ Q/R()uniA .i.n. tAe A.ODU o/ lea~ (P(l/1.MA and. Wham 1974). 

Jn. ~I i.hfl. ~/u.n.i.n. <;l,uc.oM'de-4 4'UJ4 i..o h, VIVU/ daJ.1.c ,U1. iAe rJ,ani. 
and. ~ ~ .IJ.oh,r,icall.JJ acU.~. Tia£ ~l.o~~ 

o/. nai.wr.all.J; o.c.c.tJAA.i.nr; c.i;i..oh.-i.ni..n-r,f.u.c.o.u. c.c~XIA i..n A.OOi. and. ofJuvz. 

i.J.41i1te4 Lo tJ,.e.1 i..o k elucidai.«l. Ji. ..6Um4 .li.h.e4 tlaat. iJw; tvt£ doNJ.<P, 
C.OIR(l0und6 .fr,4 e.acre-64 e1;f.o~. 

Ji. ,i,t, po<>4i.t le i.hai. pl.ant i.i.-6<'>lte.tJ malut U6e c/ i.-fWA 04 oih.e4 ru.ia­

&:J.li..c. ~ a-d a .c()W&.C.e. o/ qi.olu.n.i.n.4, ~ on. <>iluaU.on-4. Th.e. 
~w-a. o/. & i.-ANA .c.aJt i.e. a pol.u,1;.a1. .ooUA.C.e. of. J&c.h<Ue o/. c..tVLi.ai.ri. 
/Nici.i.oM o/:-~~. CAD,. & II.all (1969) J.n<ucaled t)wi. t:JJio~ 
.ltt t.-'NIA Q;U ~ J.v. i.lut ~ o/ .th.e .l6c~ <JI"'¥ i..o 
(IIUl/o.uwi. t,,,.MA, Ji. u al4o ~ .t),aJ. taaialcnai:£ Jll6 iM. ~.._ 
o/ i:M. .i..6D~.id. ~ ,e.i,a,iA o,/- /MJt. tu;i.olun.l.tw. Sll&Jlli. & Tol&IWJ ( 1972a) 
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dwwed. that ~ ~ aprvwx.inwi..el.t; 27 f..imeo l'IUJ4e µ..u. c.i;f.oki.n.i.n. than. 

iha. QJROuni:. deieci«l .i.n. i.-MA .i.n. 400J. api..c.e4 o/ fJ'Ui• Tiu!. i.wuwVl.4 o/­
qi.o~ pwm i.-MA iA 1.£6.6 ~. T~ LAx, ~ ivv:I. i.o mlicale 

that ci;i.oh.i.n.i.Jw .i.n. /WOJ. li.fU> ~ ~ 4 ~~ ~ {A.om 
& c.aiato.liAm o/ i.-JWA. 

( i.il) T /lGJ14loc.al.i..on. o/ ei,;J.oh.i.ni.n.6 G;f..o!wwu, ~ .i.n. t.lut 
NJoi. .li.(U> ~ iA.an.docai.si i.o th..e. aio~ <;40und paAL6 ~ iJw; ~ 1-l.aitz 
fu (VLOJJu.r,. metaiol...uim o/ ~ and oiluvi. ~ o/. dwot cuaielorneni.. 
~ of ci;i.oh.i.n..i.n. acii.w..i1; ~ ~ cpti.ie ~ .i.n. iha. ~ o/. 
~ .opec-i..e4 o/. pl.ani., -6'.~d..iru; that ~ ~ o/ c.i;f.o­
lwu..nA fJa46 .i.n. ih.e. ~n. ~. ltcWtWVZ., Utii.tl iA hnowi aioui. 

fu ac.luai Qlll()uni-6 mov.iJu; .i.n. tA.e. ~n ~. &~-eti & w~ 
( 1973a)<>1199ed that & 4dc.o.i.ck iA fu u-6'.1ai P,.llm o/ ~~ iAan-6-

~ .i.n. & XJJhm .o/ ~ .6/'eci.u,. 

~1.1el,o~ o~ 4U/R. i.o i!Omruzl.e P,4 cwa.i.lai.u /Woi. ql.o!wu.n.6: 

~ ~,.li.mi.i.«L ~ o/ IU)()i. CJJi.o~ moi.ie. (VL4,I/A,e,aii.allfJ h, 

th.e. ~· 'P.i..l.e1 ( 1968) du,WtU:l t/2.ai. ih.e. /l..UWual. o/ ih.e. ~ ~ ~ 
i.A.e. ac.AOpei.al ~do/ (

14c) BAP i.o ~ o/- LUl-6 ~. Aff/.-
1ca.li..on. o/ .lalellecl lun..di.n. i.o Liu!. 4001,t, o/ .i.nl.aci. ~ /Ul<>idU ~ 

.i.n. acii..i.i.i.LJ ~ .i.n. fu ~ Juel. i.Utzlf. fioJVt.id & w1.nµeld 

( 1972) .dW/~ that h.o/Un(),u~ iA.arwpod ol, qlo~ iA .uwolv«l. 

.i.n. iA.e. /UU/ul.a.li..on. o/ .lai.vud. iud <}/Wwi.A Cl)~ .60tu. C.O"'fOnuii o/ 
ql.oh.i.n.i.n mo~ .i.n. tlu!. dwoi iA und.eA. d.uuu:i..i..onal. t!OniA.oL. 

'PaAh.eA. & Wh.am ( 197 J) 4e.C.horu,d. iAat uaUn 4.it.oiku. aecunudaLioA 

.i.n. lu;p,:u:.04-l4 Of 40Dtie4-6 4CJIU.Hl ~ 41UU.lkd pi.a• .l.aivral. laOI.Jll.­

lMJli. /4.oM iNI. iAa,wpJAation ~ ~ i.hah. /A,ont ~ i.A~4'. 
ptom i.Ae Uf~ ~ o/ .t.M. ~. LJ,i i.Aa. oi.AeA. hand, cxpv~ 
wJ,iA 14 C 'BAJ) .i.Jlw'caitl. i.lud l3AP ~ i.o iN.. .8aM.. o/ NJOlb.44 ~ 
o/ Solan.um ancli.cp.na acc,mu,laie-6 l&a(ud1.t; .i.n. th.& J.ea/ and. l.aJ.v,. iA JZ.e­

~ i.o oi.luvt ~ o/ tAa cuti.hu; {Wooll.tu; d' w~ 19721..). 

TJw; ~ o/ iJ&.e. opi.n.ion iAat awdn. ~ tAa di.dti.Uuii.on o/-~ 

h.i.n.uu /Ao- ;u,o.U. Au..un ~ i.o th.e c.ui. ~ .6UAfac4 o/- Solaruua 
ancli.cp.na ~ ~ iJt& o~wt./4 o/- 1.ahAa1. ""1-6 and.~ 

.tAe. ac.c.uMU.laJ..in .i.n. .tAc. .l.aivral. ~ o/- l.akL /m:J• l.alla'4 ~ 
14 C.,..'BAP. Jn. i.h.e. ~ c/ au.x.i.ta., laJelled ~k.uw,. accuacdal:e-1> .i.n. 

ik .la.t.e4aJ. .lud-4 p,t,i.olc, h, iMiA. ~wilt Q.6 .l.u/'J ~ • 
.Skene ( 1975) pr,.ini..4 cui. i.lwi.. hOi. cno"?i .u luwwi ~ ~k­

.iAJ.rw ,IN,• NJtJL6 moue ~ i.o ik. ap&JC and. lJtluvt. ~ tJ/- Au/i 
QUJr.,U&. co~n, 04 ~ tluu; aM JU-~IIZ4a /M• iM. hauc4. 
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{13) &.ol.o<;i-cal. acii.il-ii',f 

u;f..ok.i..n.i.,,u, aAJZ. /uw,ui io ~ a wida ~ o/. ~1.o<Ji.cal. 
and. t..i.odwru...c.a1. f40~~"'· ~ wd1 ao ~ .uwol»«l .i..n. all. ~ o/ 
p.lani. cle1udopuni.; pw,a .u.ed. ~n. io rJ.ani. a,i.n<}I ~ and 
.c.eLl di. iu41.on. and. OA.lJO'l ~n. T lieu, f40ct!.~e.6 a/UZ. not. ~ 

on oru. ~ MNIIOn.tt l,.ui. ~ a co~ ,coJVUlai«/ /14~ 

aci.i.Dn o/ ~ r;n,owfA MNll()ne.4. 

(i.) Pli..i.o.61..o and. .c.eLl di..ui...oi..on. TM ptUJ~ mo.d ~ 

a.660c..iaied wi.ih. ~~ iA iM..iA. d-i.mu.laLi.on. c/ .c.eLl di ui..oi.on. .i..n. pl.oni. 
ii,6,64te ~. T lie. ~ c/ .ci;f.ohi.n.i.n.o .in. ~ UMH,e6 
~ 44 A.OOi. f:.i.t.o, ~, and. piui..ti.tlu luu ~ i.aJun. 44 .i.ncUca.ti.on. 

ilud £:.Jji.oh.i.ni.n.6 a/UZ. .uwol.v.ed. .in. A49'1l.aiinr; r:.Lll. di..ui...61.on. 

~t...an ( 1956) ~ data .uwww; iAat h.i.nd.i.A ada:i ~,u,.luu. 

d.wwu; i.h.e. ~ o/ m.i.i.o4iA i.o ~ i.Ae. 4lt.l.4llquen1 {W>~ .in. 

A.OOi. cd.Lo oi onion ( Alli.um !::!!;E). T O/VUUJ { 1961) wdJt .i.nl.aet. .!&()I).lo o/ 
i.Ae. ~ f'Ul, ( J> .i...6um .oafi.wltt c.v. Al.a.oha) o.t..i.ain.ed. a ~,uwuil. .o.i.Jai. /QA. 

Ae64d.U. Hvt,.., £:.Jji.olu.n.i..n.6 '4aur,hi. .i.Ai.o di.ui.<>ion ~ t:..dlo .i.n. i.h.e. 
/LOtJi. coAi.e.x. ,du,c/2 rw/lJllalh; nuu; und.VUJO dvwmo~/R.ll. d.ouJ.l.i.ru; '"1. ..talU 

m.i.i.o4iA .01t .c..d1. di.l.J,,Ui.,on.. 

u;J.oh.i.ni.n.6 a/UZ. i,vf¼b, ~ i.o ao A4'J',Laio4'6 .o/ t:.ell. di. iu-l>i.on. 

and ~n. of- aci-i.ui.LJ o/J..ul. f.ollowo i.h.e. ~ o/ .cJ..l. clw.i.­
.6.ion .i..n. iA.e. i-i..o4lte6. LdAam. (/963)~ a ~n tciwe«n. £:.Jji.o­
ki.ni.n. co~ and. iAe. ~ c/ u11. di..ui..l>i..on. .in.~ and. (d"'1t pwiilei.6. 
T l&.eA.& iA a cl.cp.n,i.i..e coAA.el.al-i.on. A£h,/llen. ih.e. Aai.e. o/- ii.~ rr,owtA and. 

b,icl o/. ~ ~h.in.i.n. i.n. ~ .oOfl o/-~ uiJUl. ( Sluui.e. 197 ~). 

( .U) Cdl. ~uuuii. CJ.1. ~ .i.n. d.ue6 o/. d.i.olat.«I. lco1>U 

w:u ~ ~ J.rL iA.e. ~ o/ ~ and. UAi.aJ.,,. anal.o~ 
acii. ,,e .i..n. .cJ..l. di..i•i.4i.on/ /'l.il.1.tv,. 1956; Sco.tt & ~ 1956). /4io4a ef.. 

~. ( 1959) 41tp011i..ea that. coAiicaL c.J.lo o/ iol.auo A.OOi.. IU1~ U(l i.o 
l,ow,. ii.ae6 tJl£iA. no;uaa/. .6i..u. .i..n. i.Ac. ~ o/ k.i.n.ei..i.n.. ~z.i.ou 

( 1957) d.-o~ that. unrwe. UAi.ab,. I.ow kin.d.J.n. 1:1Jn.uAiAatiorw, an 

~ .i.n. .cJ..l. Jonr;aJ..i..on. o/ .tokcro pi.ii,. ol!,C.UIIA.l/4. Kl..n.d.ui ~ 
o/. ~WI/A iu;pocoi.,;J-6 cau<>lld an ~ .i.n. ~ and. ~ ~ ao..u. 

i),an. dcul,..h t.hai. o/. iAe coniA.olo al.ik,w;J,. n.o d.Dn<pti.on ol!,C.UIIA.l/4. 

( il..i.) /Yk,~~ 6;f.cn.i.n.iA6 a/UZ. ~ .uwo.w.«l. i.n. .tJa.. /ONa-
ai.J.Dn o/ O"'Ja'W ~ :tduu rJau. UN:ittA app40pcJ.ata tUJndi.iJon.6 .iA a !.IM­

JAJ.i; i.o t~~• ~. CiJiclun.uw M{/Ulai,, Via dau&io,-.,,f. ol, ~ 
./Ao• c.oli4,1>. Iii.. awt.JA/ ~ Mi.,.JJ:, ol, lla. c:4,ll.uu aftii.ua w i.A.. 
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.cA.i.i-ical /.aci.oA. .in~ fu t~ o/ o~: lli.ai. .i...6 t.ud. and. N:Jot 

(Skw<; & f'Li.11.v,. 1957). Jn iJu.o .c.a4e. ci;l-oh.i.n.iJUJ ~ tA.e a&i.li.t'J .to 

modiJ'I- i.Ae. ef-.µd6 o/ otAvz. M/UNJM-6 /,oJL ~ aLL1GU1. j.tMdan. & Slwoc; 
(1971) .in. ih.e.iA d.ud.i; wi.1./2 co~pi:.lle 1.-i.po o/ Av~ ~ti.va L • .uwwed 
lJaat 1..6-kk and. l3AP ~ ~ c/. awcl.n. u;i..oh.i.n.iJUJ do rwt 
act. a/..o,uz, .in pimd /UV~n. fl'W~• r h.et; ~ wi.1.h o.ih.eA. 

()IWwth. 4el)ldaio/U> ~ a.wGU1,,6 cklicai.e.f.t; and~. 

[.;;i.o!un.i.,u, have i.un .imp.li.c.ahd. aUo .in a 1.wup. ~ o/. ~ 

~ .i..rwo~ di.~ti.al..i.on .in one. i.x:u; .o1t arwthvt..,· .in fu 4/.eM.ni.­
i.ali.on. c/. ~ iJvwur;/2 ac.i.i..vai.i.on o/ Li.rpin. Li.o41~ {&vupann. 
1964) .,·.in i.A.e. -i.nduci.ion. of ~L:aA{l'J .in. c..eA.ia.i.n. ~ (WIUWllA d. al.. 
1965) and .in iJuz. mai.wunrJ o/- pttop/,ad.icu i.nic flad.iM (Switut & LaeLt>ch. 

1965). T Ii.vu!. hav.e.. l,..e..e.n no un.iJ.IJ-UUI co~ c/jvuul. to ~ cdequate4 

a lwd. o/. mo~~ ~/UJIZ.~ to c.JJf.olwu.n. ~. 
Th.vu!. .i...6 ioc: a co/t/U!l.at..i.on .t..e.L,~en n.ai..e o./- iU>-61.uz <;40wth. and i.A.e. 

hwd c/ ~ c.1..,lolu.n..ui aci.i tii.ilJ-• Jn. cuw,elo[WUJ coil.on. ptu.i.i., 
and aoouid.o ~, fu hwe1 c/ qi.clwu.n. adi.ui.LJ .i...6 mu.cA ~ d.wwu; 
i:Ju!. ~ d.m-JU> c/ CUVIZ.io~., and 04 t/i.e ii.-6IJIU! rnal.wuz.6, fu c.i;i,o/wwt 
b.vJ. alco /al.L6 (r;.az;.i. Jd. al.. 1970; Sanddedi. 197 1). 

(.iv) fu.lllllaJtCLj, fu/lJllaricJJ .i...6 diowi 4 a w.irl.e 11.aNp, c/. rJ.anf. OIVjOR,6, 

o/ ueA-y di/1.eM.nl. nl0~1.o(jl; /,oA. ~ ~ and ~. The. aua.i.la/.1£ 

~ ~ /o/L d.o.lUTla11,CLJ c.an. k (}'Wupec/. .i.nio llvuu. c.al~A.i..e...o. 
'F.i.A.dlJ;,~ ~ c~ru, wu..c.li. ..i.ndi..caie. fJiat .in~ ctwe-o., 

Q ~ J ho/Ull.Orud I ~ rtULd k .i..rwo.h.J«I. .in, the. ~-6.i..li.c,11, 

o.1t. /UUltOval. o/. doMtan.C.JJ• SI/.C.Ondl.JJ., .ii. 1..4 po~l.e to ~ a r.iaAai.l.e..1 
~11. .iri .t1uz. .e..ndorp.rwu.o ~ .Of a~ MMWn.e and. i.A.e.. date 

ol c/,oNnQJ'U!IJ o/ a r./.anJ. ON-pl• rJ.nall.,;, u:JJ'}'U"Du.6 NJIUM)naJ. ~ 
~ .i.mpo.oe Olt '4.eak.. dolU'IICP'l.CJ;. 

Ct;J;.o~, n.oi.a..U; ~ and. ~., a,u c//ec.U.ue. in. 

OW/LC.OJ&i..ru; do/ll1lQn.C.JJ '?/- fA.u. J.ud.6, ~ and. ~ ~ ~ 
(V~ 1964,· WoA£i.ru; & 5~ 1971; W,eav11A 1963). lJud ~ mm; 
k coniAo.ll.«L '-'J. a &:d.an.u kbwn1 u,d.orp.,wUA .i.nh.i.lii.D46 4Uda. a6 Al3A 

and. iAe. '}NJwfA pttoN>J.i.ru; /uMlfll)/lU ~ ~ ~ 
and ~h.i.n.uu, /oA. tAe. e1;f.c~.i..nA.i.J..i.h.11. an.i.at;on.i...6m can. k QJ'1 ~­

.ial. ~ c/ ho41R.On.al. /UUJ'-d.aii.on. (l<lwn. 1971). 

u;io!wi.i.n.6 (!QJ1 ptWmoi.£ .6tUld. ~n. /-c4 Pl.Llfu (1956) .uww«I. 
tAaJ, ~h.i.ni.n.,(, ,CQ/1 41.tt6t-i.tul.t,. .fL,4 fu 4ed, Li.ghi. ~ .i..n ~ 

.J.Jv; ~ doN#aJU!IJ. ~n. o/ 4IUd. 04 <;AO~ of. QJ'1 ONp1 .l6 oµ.en. 
a 1114,,ll cl, ~ adi.orw o,I ~ /wMl()rw, ~ ~ a cu,oigrr 
td«I. 40b,. and. JVJi. a.h.x:uµ, a All441li ol,- aA ~ o-4. a~ .l.n. i}&£ 
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l.twd o/ {J/1,0lllO~ and. .i.nh.Lt.i.1.o/l.6 (l<han. 1971). TIVl. ~ o/- ~­
hi.n.i.n.-i.nh. it.i.i:.o/L ~n .i.n. .o.e.edo and ~ ha.6 ken d,di ed ai t.h.e. 
l.e.1.ud o/. .,ttcb.i.c. ac,J,.eu, and ~· Th£ l,oll.owi.nr; po~Jli.ii.e4 .can. 

oc.cwz.: 
a) AZ3A and~ uw~ oppo~ 4µci.6 .i.n. 

32-p .i.n.coJtpo­

JUd..i..on. .into ail. n"cleic acid puu:l.i.on.4 { oon. ~ ei. al 196 7). 

1,.) T fut n11cLeoi..i.d.e COfll('0"'1.t.i.on. of .1a.t.£1.Led MA W a1.Lvz.ed 4 A23.4 

and. th.i..o 4-1~ l<Uc ~ £.i; k.i.ndi.n. (l<han. .el.al. 1970) • 

.c.) ABA and. ql.oh.i.n.i.n.,t, .i.ni.viac1. at i.lt.e. h.v.el. o/ iA..and.ai.i.on. and. 

~ ~• tC/l. ~I c,/.allUJ~ .61~ .in. i.nia.d 
~ ~ ~ .i.6 meduiied 4 ~ pwm t.h.e. ~ 
iA ~ &; ABA and. ~ 4 ~lwu.n.6 (Klwn. & ~ 
1968). 

d) AZ3A c,an. a/µci a~ i.n. ih.e. ~n. o/ k.i.n.ei.in. io 
ad.en.i.n.e., (Bach. d. al 1972) ~duu; iJuz. -64«JIPdi.on. o/ ff/u.lluu; 

and. o.dolUUl. ( 1970) ikd. A23A ~ a '~lwwi ~ 'e/jeci. 
Ji~ k.en. .6LJ.9(Jflded. i:.Aai. th.i..o coui.d di.mulat.e a plani. fVWGIU>,6• 

(v) s~ u;f..oki.n.uu, pwm iJuz. /WOL6 ~ i.c k ~n.6i.l.ie 

.f.o/L ~ o/ l.a1..an.c..ed. [VWhui m.el.atci..um .i.n. bave<>. 'Ri...du,,ond. & 

Lanr; r 1957 J uwwet:L that & fVWLun. hwd. .i.n. lu.n.d.i.n-1Ntal¥L, ~ 

iea1lM ~ mo/Vl. d.owbj th.an. .in. ~ conhwhi, and. a ~ 

e~ci o/ hi.n.eLi.n on. MA ie1.1eh w o~ 4 0.doNt.e ( 1962). 

OdolVUl. Jt.und, tAai. .i.n.co/Lpt)~n. o/ a ~ am.i.rw acid. i.n1.o [VWi.wi, 

and o/ 2ro 'f .into RIVA, w ~ 4 iM.at.i.tu; ddac.Aed. ba1le.6 kli.ih. 
k..ln.ei.in.. S.i.m.i..l.aA. /Uottlt.-o kwa. ~ ~ 4, oi.h.eA. ~ ~ 
~ rJani.-6 ( ~ & &vzh.ltu; 1963; ~ 1968; T QJJQ/t.ll,6 & Klt.ndtt 
1970). T ~ & Ktznd.e con.chxkcl iAai. ci;lch.i.n.i..rw 4daAd. ~ o/ 

~AA. haoe-6 ~ iNww,)i. ~ fvt.01.ao~ .and. f0441.Ut; ANA 

~141-. 

T ia.e !lcii.ui,L; a/. ptichMPA (&e11-e1tA 1968; Ai.lu.n. & 5Ai.ua6ia.lXl. 196 9) 

and. oi Rl'la6U (So<kh. & ~ 1969) .l-6 1.oWIIA .in. ~lwiJ.n.-iAeated .um1£1> 
tluu,. i.n. & CONUU(lt'nd.i.n.t; ~niA.ol.6 1Aai. haWl. noJ. .&eu,. iMalecl wd/2. i.)u,, 

M.IUIIOM.. Jn .4Dm.e. rJani.-6 qloki.n.i.n,,o ~ iAe. acii.vi.lJ; o/. (vt.Oiea~ 
mid RNQA.ll. ~ ACti:h.eA. than. i.nhiJ,..i.i. an~ .in. i.Ae. acii.vi.i,v. 

o/. ~ /u;dAD~ • 
~lu.ni.n.6 ~ t.h.e. ~ i.n. -leU1Zl6 o/ DNA, RNA and. fWJi..&,i,n. 

tJJ1d eUo 6ia.ti.llu 011. ~ fW'IIIOt.,,,. MA/DNA 40Uo-61 iluu, ~ iAai. 
MA ui.ak,Lum tRaJJ h ~ .i.twol.~. Otie NJfO~ .i.4 tJuJ. ~­

lwwi. ad.-6 4 ~ iM. ""~ ol, ~ei/i.e ~RNA c.od.uu; l,o.11. 
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~ ~· Al3A .i.:o ..uwo.lu.tH:L al«, .in fu /lUJ',LatiDn. .o/ .6e!W­

un.u. i.n. hamu, ( ~ par;e. 13). 

5.ii:i..on., Jia.i & ~ ( 196 7) !,ound. i:Aat fu t:J;i.olun.i.n. c.oni..eni. .o/ 
XJJhm .oop o/ ~~ ~ d.wuru; fu LXpOruvd-i.al. ~ ~, 
and. ~ ~ WWt <}/Wwth. C106«i and /J.oWtM.i.nt; ~. TM 
~ i.n. iA.e .6l.4ff4 o/ CJ;iclu..n.i.n.o pwm /WCL6 i..o ha&lU> i,,t, OIU!. o/ fu 

/.acf.o46 Lea:li..rv; i.o ~. ~WUl.9 ~ .can i.ak.e. ().Lle/l. a6 .6i.i..u 
o/ ~lwu.n. ~ ww-i & .6l.4ff4 pu,ni fu IU)()L6 cLu:..li.n.e.. G;J.ck­
.i.ni.no m.aLf k_ cl.i..vvd.ed. M~ i.o CU!J.fll.opuUJ ~ ai. fu ~ o/ 
haoe-6 , (WOAIUJUJ & 5~ 1967). 

Th£ .o~ .o/ ~ i,,t, ,6IZ.IUL i..o k a c.omphx ~n. l.e/i.'l(len. 

~ o/ rJani., a paAi. .o/ i.A.Lo .i.nl..eAa.cti.n kuu; rudi.ai.«L 4 ~k.in.in.6 

o/ .ILO()t o~ and. ABA. 

{ ui) ~U,6 qJeci.6 o/ CJJ!olwun,o T~ Li.d. I)/- ~lu.n.i.n. 
acii.ui.ii..e,1, i,,t, n.ow i.oo lrvup. i.o .i.nciu& MA£ l,.ui. llUl. µ,ll.owi.n.<; ~ 

i..o luw.e fOienlial ~-
0;1..o~ uui. ~ ~ fu i.o.u.c. £{/ecL6 o/. ~ pfu;to­

pai}wCp.n-6. t04 vcomrJ..e. lwud..i.n A~.duce-6 fu rwml,.vi. ~ .6i..u o/ hu.i.on.6 

cau.64d 4 i..omal.a .dpOiled. wi.ll. u.i.A.u.o ( S.td.man. 1964) and. aniac;oni.z.eo fu 
fu i.o.u.c. e/plci o/ P ~mono-6 l.a£ac.i. wu.c.Ji. ~ 1 ~.i.ldµ1t.e I cLi.-4ea~ 

o/ i.ol,.acc.o (Lowuthoui.ch. & t"aMa.6 1963). 

Ci;i..o~ aA.e. ..uwol.wu:L .i.n. 1M. /U!.r,u.lai...i.on o/. pht,to~ £nZJJf'Ul-6. 

Tlw; a1U ~ /,a..i. i.ll.ll- de,ido~ o/ fu /,olloWV&9 ~ o/ fu 
CalJJ.i.n. ~: JuD c.aAtcxi;la-6€, N'DP+ ~ ~ deJv;tvw­
~J ~.tau., and. 4il,c~~ i,,t,olUAa,6.e. (r ~ & P .i.Jwon. 

1966). ~n. o/ lundi.n. i.o daAh-~,-n ~ ~ tA.e. aci.i.»-
"'4, o/. 4'.tul.o-6£ 1, 5di..pho~cvd. NAJJP-d.c;uz.nd.tuii. ~ fk~ 
deJv;tvw~ "fl .t.o ik Jwd /.oUl'ld. .in. ~ ~- ~ual. 
o/. .tA.e 400L6 a6 a ~lwwt .oowu:.e. 11/lfluc«I .tA.e ~ ·ui.i,; o/. Ao.tA cnztpte.o, 

and. iAi..6 11«/uci.wn. could. k OUI/AC.OIIUt &; lundi.n. ~. ~ .i.n. 

~hi.n.ut uuei. ~ .t.o a/fed ~ ~pl.a,d ~-
G;tolun..l..tw 4Ulll itJ (W>IIIOfA. fAe ~ ot d&J.o40piu;Ll and cuvc-lop­

acni, o/ tA... ~~-4. ci.J.ol.ai«I ~ .ltw i.Ja.& ali.Ut'J i.o (W)• 

duu. ~piu;Ll and 8Ji."1>lc {W)i..e.u.w wi.th ~ "'}It and. lwidi.a 
~ th.u, fW'~ ( ~ !:f:. al.. 1972) • 

.S~ and T OAA.eLJ ( 1976) uwwtld. tJu,, -~ o/ A.i.gl,, ~lun.i.n. ad.­
i.lJi.4 .i.n. 40oi, ncdui.eo o/ p,uz ('P.u,um ~ L.) and fu CJJ,i.o~ /,ound. 
~ bL ~ AOCi nod.u.l.u i.J>./PcW 4, M.i.~li.1111 h.941/&i.~ 
~ ua.tin and J..t6 A..lk4J.tk and JLJ.lot.J.d.£. r la& ~ o/. ~lwww 
.Jn. 11Coi raccLu.l,u. and. lluz..iA ~ ~n.c.en1..,c.a;ln d.wuru; nod.uh clci.~l.op-
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m.ent ~4'. dAcru;f.t; ih.e ~ that. ~lun.in.6 fdcul- an. ~Jt.iani. NJht. 
.i.n. nodu& dwdopmenl, ~ .in 4E'1ai:.ion i.o tAe. ~ 
nai.wu. of- tAe. ruxl.ub. that. i.o .i1.4 c.d.1. cliuLc.i.on. aci.i.ui4 and. aUo i..o th.e. 
d.i.dinclive po4fJ.o.i.d dab. o/- tAe. di.u.i.cliru; n11clea1t popula.tu,n. 

( C) C;J.alun.in.6 and. µu:;/D46 aJl.e.duu-; fVUX"'ci.i.on. 
G;fc/un.in.6 ~ &j .ltOOL6 i.o ~ &j f.aci..o46 D/- fA.e. UL­

ui.A.onm.enf. f./2ai. .ei.l.h.eA. duuu:i.1i; 0/l. ~ a/-µct NJoi. ~1.ow. 
T~ /aci.o46 aA.e cli.-6C/J<>6ed ~w: 

.i.) el'-; NuiA.i.i..i.on Low pH. o/- th..e. 400f. ~ ~ a/1,ecu iAe. 

9ADwiA o/ maJ'UJ- ~. G;tolun.in.6 cou.lcL le. deieci«I .in XJJ1..<u,i .ot2fl o/­
mai.ze ~ 9/UJwi .i.n. me.di.um o/ pH. 7.0 i.ui. n.ot pH. 4.o. (SlunL 1975). 

Th£ n.uiAi.i.1.onal. ~ c,/ th..e. p&ni. ah,o a//.e,eU .cgi.olu.ni.n. ~n 

&; NJDi..o /,oA. ~ .1tP<U1ced. ~ c,/ .c.i;f.oh.i.ni.n.6 &dfVU! /,ound. .ui. 

XJJhm .6ap and MDi. ~ o/ .oun/1.o~ (WlUJll,M- & /Yl.i..c.)uuzJ. 1969, 1971), 

and .in NJDi. ~ c,/ Solan.um and.i.t:;ena. (Woo.fhi; & Wa/UWU} 1972.c.) 

~ 9MW2. .in l1U!.di.a o/- Low n.i.iA.oc;en leue..U. 
il) Foot. ~ s~ & ~ ( 1967) f,ound. quauiat~ 
~ .in iAe. ~lu.n.i.n-6 c,/ ~ .ot2f2 pwm .oUii.ano. ui.nu (V.i.li.-6 

ui.n.i./vui: L.) '}NJ..n at. NJOi. ~ of- JO C and 20 C, a CJJf.o~ 
nucb.of..ide. WJUJ alu.ni. .pwm iA.e. JO C ~. T luuf alAO ~ an. 

~ .e.xpo4'. c,f- ~lu.n.i.n-6 pwm i.A.e. MOU o/ ~ ~wi ai. tAe. 
h.i.t,luvt ~. T ~ i.o a;6.60u.ai.«/. wLt.A a ~ MOi. +i.ut and 

a h.i.t,luvt th«wuJ ~ . 
.i.Li) Wai.vil.offitUUit T ~ A.DbtCl!4 i.A.e <Jh.Owi.A ot i:A.e uwoi..o and. .i.nd.uce4 

t:Al.oNJ-6.U o/ iAe. ~ bauu, .61,;mpi.om.6 Wli.cA ~ .le 11elaied i.o 
.,,«L,,c.-1 ~ ot ~ ('&i.d. td..aJ..19o9) ard. ~~ 

(13w,,,u,W6 & CaM. 196 9) llfOu.bu; /Ao"' A.Ooi. .to uwoi.. 23ww>wo & Ca,u. 

(1969)uww«i. that. the. declilUl. .in ~k.i.n.J..n co~ ol, ~w 

.dO(l w ~ i.o a de.c.Li.rul. .in mdakJli.c aclita.i.i.y. o/ i.h.e 1100i. 
api..c.£6 ~ iJvuu. elmµ o/ ~ • 

.w) 'Phoi.D~ Van ~ & WOA.eiJu/ 1972)tumorwiAai.a:1. tAai. .iv,io~ 
· iJi ~ .Mp o/. 41aod elm; p&nt., XaniA..wa ~ ~ f.o (VUld.­

owt.J.n.ai.., .i.n. i.h.e n,~lu,u.d.& l,twa wwi ~ und.eA. J.oru; daJJ cond.iUon. 

IIDW/WllA., the. nucl.eoiicle p,ac.Uon. ~ ~ ~,4U,/Ul. i.o .uwd 
cl.atµ ,•ld&il.e iAe. /NU. .ku. ard. ,u,/..cwd, fAacUon. ~ uiAi.ualli; 
~- Ji. i.o n.of. d.eaA. ~ ~ .in i.h£ ~lww,. 

con.Llnf. o/- nud.wuz. i-eaUll.4 of- Xanth.i.u,a dA.umtvuun,_ undvz. loru; and. uu,Ai, 

dQJJ6 a,,u. d.utL i..o an. e/{cc.i. o/ dm;lvu;i:A on. ~lwun. ~ wi.iJwi 

IN. ha/-, .011. a1&.& a /&-CIJldi. o/. .i.ni.tvt.co~rw wi.iAJ..n. iA& J..o/. o/. l!IJi.­
olwu.n.t, .i.mpo.d«l. pu,m & NJDi.6. 
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v) 5.ea40n luchJui.11. & Wfu;i.e. ( 1968) ~lli:.ad. i1iat tA.e ~lun.i.n. 

.c.oni.ud. o/ XJjl.tu,,. .da(2 p,.om ~ d.tun.6 ~ low dwu.ru; w.i.ni.eA., 

~in.~~' ~ a (lUl.k. hvd aicui tA.e 1-un.e. o/ 
f-ull. .lloom, and. ~ivt ~. T NI. auiJwAA .6LUJ(j~ i.hai. 

i.A.e. CUAG{~ o/ qi,oh..uun. aci.i.v.LLJ co..i.ru:..ide.d w..i.lh. ih.e. ceM.taf.ion. 

o/ ~n dv:,c;i <J!Wwi.h. wu.c),. mai; k ~c.iaied wi1J,. .ci;i.olun.i.n.6 
in. i.h.e. .a<Jf'• J~ in. ci;f.ok.i.n.ui aci..i.v.il.'I at ill.I!. t.i.m.e. c/-~ 

aA.e. al6o .6i.UJ9".d...i.l)(l. o/ a cau.lJal /l.-2..lai..i.oTWU(l 1,,21:,.,,een. q.f.oh..i.n...i.rw and 

~. { Nole. ~ in. f.h.e taf.anc.e o/ ot.hvz. 91Wwih ~r;i1lai.o4.c, 

..i.n. i.h.e. .t.ud. 0/te ~ i.oc.) 
lJ..i.) Wai.vr. ~ ValUOu..6 ~ aprJ...i..ed to th.e. /l.Oot -41Jdem 41/.~d.t 

..i.n. (llu~l.oc;,i-cal ~ ~ o/ ill.I!. ~ ptWc.e6.o /DJL ~ 
ill.I!.~ in. h!1..~ o/. pwle.i.n.t, and iWA, a.6 ~ a.6 al/ecii..ru; ill.I!. 

~ o/ qi,olu.n.i.n.6 mou..i.tu; pwm /l.Ooi to ui.oot. 

Ji.ai. cf Vaad..i.a ( 1965, 196 9) .6U.lj(}t!d"d that ~ /l.educe-6 ill.I!. LP,~L6 
c/ c.i;l.oh.i.n..i.ru, ..i.n. XJ;i-em .da(2 ..i.n. .oun./-fu_weA-6 and AW1cu ih.e. c.apac.i.L; o/. 
to£a.cco .&a/- di ~4 to ..i.n.co~Jtale.( 14 

C)L-h.uc.i.n.e. in.to fVWle.in. (&ui-Zi.on..i. 
d. a1. 196 7). Jl.a.i.. & V aad.i.a ( 19 71) d..tunondAai.ed. wi.i.A to.tac.cc i.hai. .ltu.o 

than. 30 ~ o/ wi..lii.nr; «c/4,ced 41.d.danti..aJ.4 tA.e CIJick.i.n.in cu:.ii ui.i'I 

..i.n. N:>oi o.x,,daie. Th.e. ~ ~ ~, and upon. i:.vun..i.naf....i.on 

o/ i.A.e. ~ ~, .ci;ioh..i.n.i.n. ad..iui.i'I ~ arpin.. The ad~ 

£/~ aA.e. ~ .c.o~ 4 ClJiok.i.n.i.ru,. P~ c/ 
~ iot.acco Lea/- cLl6co w.il.A lun.ei...i.n. ~ A.<U.i.o41l£! ..i.n.coAp>Jtai­

..i.on. c/ ami.no ac.iI.u, in.to pwle.in.. Ji. ..i..o 4''9t;eded i.hai. ~ ..im:lnced 

a ~ UL Lea/- (VlO.le..in. ~ ~ pwm a ~ o/- c.i;i.o­
lun.i..rw in. i.h.e. ba,iu. Ali.htJ~ UL J.oi.A N:>Oi. and u,ooi ~, c.i;tc,lu..n..in.4 
le,ielA Q/1.e. ~ ~cu,c.ed, llw. tn.ahn4/I. .l,n, wh.i.cA iJut .11.aducii.on. occww 

tnalf h d.J.l-lvuv,i. Ji. ..i..o {)()~ iluzi. und.lvi. .uwoi. ~ ..i.naci.i.uaU.on. 
o/. .cJJi.olunJ.tw ~ may. k mo.1&.e .cDIWIIOn. i.laan. und.cA 400i, ~. 

'P.««1ced ~/4..i.n.,in ~Ai. .p,.om ~ 1&.00U can. ~c<U1 li. JA. 

~ Lea/ ~/U11Q/1.U and. ~ a/µci4 domai.at. /LC.6(10TW.• 

Vaa:li.a cf Ji.ai (l965)uww«I. i.hai. J!JJf.olun..i.n.t, /Vl.Omoi.e. .d.omaial. opea,iru; and 

.tlw.o ~ ~n. ~, an. tt/µd ~ .oUJU to k o/ a 
~ naiwr.e.. u;f.oh.i.ni.n..o ..i.n. a640c.i..aii.on. wdJa. ci.luvi. MIUROn.e6 -6UCh. 

a.6 ABA mai; t1llXi.i..h- rJ.an.t IUU>flOrw. to ~ .cDndi.iu,,w I.I; a1i.eA.i.n.t; 
.domaial opea,iru; and. ~ o/ rJ.ani. U-66Ue-6 to ~ ( Li.vn.e 
& Vcudia 1972 ,.~ & fU..chmtjr,d. 1972). A23A .l6 a aa.p,11. faci.oA. 

facJ.li..iaiJ.ru; iAe ~ ""'4("',w,e. o/ ~ .tt, 400i, ~ iAai. .uap«Ul" 
wai.tvi. '41an.c..e., ~ i.Ae ""1...i.o l(i3A/CIJ1.o~ .l6 ~ .in. d.i.u.d.­

.i.N; .tlie. .exi.eni. o/ i.Ae 4e-6PJ!l4'l.• 
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( lJ) T Ae. mock o/ 911?/un.i.n. acl.i.on. 

TAe. CJ~ o/ C.J,l.oki.n..i.n.t, .i.n. ~ t-lWA' .6 /A.Cm a wi.d.e 

V<JA.i..dv, o/ .O~ /2QA h.ci. f.o nu.u:./i. .6pllCt1l.ation. i.h.ai. ~ pl.ani. JwA.­

mCJIUU) maJJ ~ i:h.tun. p/uj4i.olc<jiJ:.al .e/J.e.ci.6. . ilvwur;A ltlltplai.i.on. o/. ptW-

1.a.i.n. ~I i.J.; ~ t/2.e. ~ and .Jun.cii.on. o/ .6peCi/i.c t­
ANA .6 (~n. & 01.eAAJJ 1968). flaU. and .co-i.xJMVl..6 (1967) luuuz. ..u,o.ld.«L 

.I.of.A 2-1PA and ~;l-zeaiJn. /Aom rJ.ani. t-lWA ~~.6 i ~ 

wai <J.eML t-lWA c.onl.ai.n.6 at .b.ad f,owt CJ;i,o~ .i.d..e.nf.i../ a.6 .tt.Uc.6lfl.­
ualin., 2-i.PA and the.iA. 2-m.eiJu;1,i}u.e~ (&chi. Jli..at.. 1969). 

JPA, tAe. nai.wuil. CIJi.oki.n.i.n, .i.6 f~ .i.n. t-!WA /.o4 tAe. ami.rw 

aci.cL ~, ..uoh.u.ci..n.e, and hpw~ and w.i.1.h.i.n tAe. adapi.o4 1110bct1le 
.lcu:.ai~ adjac-eni. i.o iA.e. anf.i..-cod.on.. OIU/. iJuuvu; (UAhlutl 1973) L6 that 
C.J,1-oki.n..i.n a.cLi.cn. .i.6 ~c...iai.ed wdli. cod.on-ani..i.c.od.on. ~~n. .on iA.e. 
mANA. T Ae. ~ ap()IU)adt .i.6 ~ &; J<.vru. & T Q.I.JQ/U/,,,6 ( 1968) 

,du, dal«I that .cJJi.olu.n.i.n a.cl..i.on .i.6 n.ot ~ "'f'Jfl i.L6 ~ .i.n. 

t-lWA. T/2.ei; fllWpo.61!£1. i.Aai JPA .i.6 n.ot /.o4HU!d. /A.Cm c.i;loki.n.i.n &d. that 
.i.n.i.iiallJJ ~ eud.6 aA an ~ paAi, c/ th.e. t-MA 1111)/ecule. and. 

i.o th.i...6 an. ..uo~ ~ duun .i.6 ail.ach.ed. TAe. ~wi o/ t-M'A 
~,u,uliA .i.n. nucleoi.i.d.e /l..eba.61!. ~ ~ i.o ()i.h.eA. cellul.aA. 6i . .itu, 

~ .t/2.eJ; ~ f.he.iA. .Jun.cii.on. a.6 fr,Owf.h M'}'il.oiollA • 

tC4 tAe. ~, .i.1 .i.6 di..//Jcult i.o hn.ow th.e. acl"al aKXU. and. 6i.ie.6 

o/ .cJJi.olu.n.i.n acl.i.on.. U1ut. .o.t:luvt rJ.ani. h.o/UllC)fU/..6, tAe.t; c.an. ~ 

~ fu ltaLe. c/ n"ch.i.c ac..i.d. meicd.ol.u,m and. p!Wf.e.i.n. .6l~1 

and. t.h.tu,.e ~ci.6 cµ.v,. ~ fu 4~ .o/ fu ..c1oa111e ~ on. 

tJN)wi:A /l..OLt. ~ pl.ani.,6 a1AO ~a~~ fhtei.,i.li.LJ iA 

~ 'j",Owth. IIA,6fONA, .to a~ o/. .enuitwnm.enial ~. ~, 
~ r,u,u/. {'O,U//,,4,d a ~ Cl)~ ~ ""~ o/ Cl)ni.lu,1.d ~ aA.& 

am.enaLl,e f.o uuwwnm.enial VtJA.i.ali.oM. 
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1. 5. 

Jn ~ ivun.6, lji eld 1..6 /LJ}laiecl iCJ f.luz. ~n o/ iC>ial. cvu; 
maii.vz.. T Ju,, -6iiua.li..on. 1..6 mo/Ul. c.o~ wum iluz. y.i.,dd. 1..6 .c.o~ a.o 

on.i.l; a paA1 o/ ic;i.a/_ p1.ani. mai..eA.ial i.lud .U, a.6 ~ a.ll. d.o~ ii.-6"6l1e. 

T Aen., iluz. tJhdd. w.Lll. ~ mo/l.e. on. iAe. ~md.opneni.al. ~ ai ~ 
~ .LI, ~ and on iluz. ~'f i,, ~ ai tlw.oe di./luuud. 
d.ac;eo. 
Tlvi.u. k.eJ;. d.ar~ m iluz. ~ /.o.tUnai.l.on and .c.1Wp tJ-Le1d. G/Ul.: 

1. T 1.o/Ull .uui.ial.i.on. and i.n/1.o/l.12.6C.eJ'tC. clevd.opn.eni. d.ac;e. whe/Le.. i.lui 
poi.ud..i.al (J/UU/1. rwml,.v,. 1..6 ~. 

2. ~ and ,/-vdi.i.JzaLion. ~' wlUVl i.lui WJ4,U, iCJ ~ ~ 
poie.nt.i..a1. A.eaJ.i z.ec/ .U, ~• 

J. ~ /,iLli..ru; ~ 1 WU!fl 'j/1.a.U1. WUtjhi ~ (VLO()A.€-~Ve.4• 

T Nl/1.12. QA.e 1A addiii.on, c.o~ di./-/~ 1A Ill()~~ and. 

/Ul..[VWd.u.cii.ve dev.el.opm.e.nl. .t.£11.'t(len. IXJ/l.i..ou.6 ,e~ ~ci. e.o. 

1.5. 1 JnJ-lo~ d.wd.apm.enf, S.f.i.rld. ~ ~ c.an /u1duce iluz. 

ltah. o/ ~ o/ tf.o/1.al. fllU.ITlO/UUa• Nuca,in. & ~ (1970} -4NJw«I. 
ilud. ruunl..vz. of fl'L'A'OIUUa 1A .f.aA..hu; .U mo/Ul ~ i.o waf.eA. ~ tAan. 
dwl.o~ o/ ~ pumc/lClia. T /2.u, u. rvwJ.at.4 ~ /.o/l. mod ~. 

T h.e.i; '°"9~ tlud .iJ i.lui ~ .Lo m.ild. and A.el.aii.vw; ~, ~ o/ 
(VUR'DN.Liai. m.i.tiaii..on, upon 41lli.e/ o/ ~, .lo f/1()/1..e. 4af1'.d. tluzn. 1A fu 
c.oni4o.lo and i.lui ic;f.al_ fUllnkA o/ ~ f.oNTU!d mai;. k unaf../e.c.ie.d. On 

i.lui oi.luvt hand., .i./ & ~ .U ~, C/t pttobcacW, iC>i.al. ~ 
ruunkVL mat; k ucluce.d -6l1.td.mii.i.al4. Ni.dwil.6 & ft/at; ( 1963) ~edecl ilud. 

.tA.e nwnk4 o/ ~ (UVl. .i.nflc~ in ~ .l6 ~ 4 i.lui 
~ Wi,'tllen i.lui IUJLe. c/ ~ .i.n-ii.J.ati.on A.l!laii..ue iCJ llud o/ ~­

.W cuwe.lor,u,ni.. S.i.nc4 ~ de1,elo~ .l6 .l.u.6 a/µcted 4 ~ 
than. fl/f.UIIIJ.!Uli.a1. f.oNnai..lon, .ii. ,/(Jllowt> i.h.ai. (VUJ.l.onrpd. ~ al. .tA.e .datpl 

ol, ,/hJA.al. .i.n.lti.aU.cn ~u.Jd ~ A11duu iJa.e. ~ ~ ol, ~ 
pvt.4!aA.. 

W~ & W.J.l.JJOn (1965) p:;und thaJ. i.luz. ~ o/ tAe. .'101UJ1w,,, 
i.n.p.o~ .coul.d. k ~ d.wr..i.Ju;. ~, y.d c.ouid. k .11.e,44v,w/. on. 

/Le.-~ and. Ae41.df 1A a /J.oweA.i.ru; M.atl. rwi ~ ~ 
pwm iluJ. o/ c.onbco.l ~. Jn ~, ~ ~ ,vw,.11. i.o pani..c.le. 
.i.nlii.aU.on. ~ d.elay,o ~ .i.n-i./i.ali.on IAJ.i.ik,ui. (J"tl.oi.4 ~ 

y-i.Jd ~ plant. i.n. -40A.<Jlwm. 
Hu.liquid ( 1973) .i.nL~d.i.~ iM. J.n/~ ol w:d:vt. ~ .on. IJ,i..11.Ld. 

.C.OIO(lt>~ ai. ~ JAi.ii..a.ti.on.1 at. p.o4td d.i/J~n., and. at. lUIAl.i;. 
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~ f.,i.11. o/ iL.xJ lu~ ff'!'W~., C-42!/- and J-li 626. A~ nRducUon 

a&>ui. 60%., i.n .6IUd. numi,v,. fUVl- Ae.ad. /l.e6U.ilerL pu,m. ~ ..unµo.6«f. ~ 
pan,ic1..e .i.ni.li.al.ion. No ~ pan,ic1..e lwuin.di 1.o.6.6 ~ noW. W2.IVt i.luz. 
~ t:.amll. ~ ~ ~ µll., l,.ui. ihvt.e. ~ a 25% 1.o.6.6 .i.n. ~ 

nutnki. iJvu:,ur;h f.lcnd. a.&>4li.on. Seed uze. c.o~n j.oilowuu; i.A.e. 
6o% ~ n.uml..vi l.o44 .pwm i.luz. ~ ~ -ai ·pan,icl..e .i.n.d.-i.ali..on ~ 
a&.cui. JO%. Thvui ~ no .oe.ed. uze. C.Olll(~n l,o&wuu; th.e. ~ 4fUd. 

µJ.1 ~. ~ (1973) ~ that. cli//~Audiai.i.on o/ ~ 
c.ompo~ .i.<> a CA-iii cal ~ io IAXlivi. ~., and. ~ n.umkA. can k 

neduced dAadica.U; al. tA.i6 d.afl'l• Ph.oh,~ may-~ k l...i.m.i.t.uu; 
~ .6Ud. ~ cUffe~aii.ai.i.on and ~ ~ drwlllo~. 

t/Wm the da<p o/ ~ .i.ni.iiaf.i.on i.o pvdi.l.izaii.on o/ i.A.e. o~., 
a rwml,.vr. o/- oi:li.vz. fVLOc.eM>ll.-61 aAoO~ wli.A i.luz. deue.1.o~ o/- i.A.e. .iJi./-hln.­
~., atte. .li.hdi; i.o k ~ i.o ~ defici..L4 and. t.Au..6 catt4'! a 

neducii..cn i.n the n.um/,.fVl, o/-~ fUVl- SUVL., 04 .uJe/1. .i.n. .tA.e ~ o/ ./vzLi.h. 
~. Wal.en. ~ ~ -6fe.ci./.i.ca/4 wil.h. the -61l.1Cual deoe.1.o~ 

o/ i.A.e. ~., -6Uch. a-6 mWJ~ o/. & ~ .i.n. ~ ( ~ d. al. 

1964) and .in. ,d,,.e..ai. (Oww'J 1962). !iJ:,we.ueA.., & ava.i.l.ati.Li..LJ o/ ~ 
~ and COAk~ ~ the ~WIVWUJ rJuw.e a1AO ~ i.o 
~ ~ chwtzlo~, /1-oJLd pvd.il-iiy and ~ .6d. 

Jn ,.Jwal.., i.Ae. f10l..e.ni..ia1. /.<>4 ~ /1-ond. ~ fllLO~ an. 

oppon.f.wu.4, /,o4 .co~ e/µci.-6 .iJ ~ .L6 ~v«I... T hiA l1ta1J ah,c 

appli; i.o oai:.6., £ui. ueuld. not appl.i.; i.o CA.O(UI ..ou.c1L a-6 /UJ'Z-1 ~ 04 nuuze 
.in. ~ µoAJd numk4 .i.<> /,i.x.ed. (&n!Ulii. 1966). On th.e. oth.tvi. hand.., alf.h­

ow;),. c.o~n l1UUJ Mi cc.cw,,., lle.tia/ o/ ~ i.n maJUJ ~ci.e.6 ~ 

i.A.e. dar;e o/ .i.nJlc~ de.11/lLopm.eni. mav-~ p.nal. ~ ~ i.o 
appll,Oa.cA (10i.ent.ial. ~ L; t.h.e. ruvn.l,v,. o/-~ ~. 

1. 5.2. Wai.vz. ~ and. pv,.ii..l.J. zati.on ~ ai. ~ ~ 
Mldi,cu tv,.tUJ zoli.on and. ~ .6d i.n mod ~. C.0Nl .i..6 iA.e "'°d 

~ ai. iA.i6 ~.,· wil.h. a 50% A.¥!uci.ion i.n t;i-J.d. 4 w.e/-~ 
o/ wi..ii.uu; r L,xJ 01t t1vuu. d..aiµJ 'fJennuu:d. and s~. 6960) Jt. .i..6 ~d.«/ 

iAa.t ~ ai. ili.l6 ~ a.eU llilluvi. 4 waJJ of. ~n. o/. f101h.n. 
~ o~ "; ~ 1J/ ~wth. of. (101h.n. .tu.k. ~J..i.rw & 'ilollWUJO (1953) 

weJU'. o./- the. o~n. t.lud ~ ~ wil.h. tAe. ~n o/. i.luz. 
(10.ll.en. i.uk /Aom t.h.e. ~ i.o the. ovu.l..e6 i.n .co1tn.. 

T./..IJuv,. (1972) dai.u iJud r;Jtai.n. ,;,uz-1.d. i.n ~ .i..6 /t.OCUtc«l mod~ 

iJuz. ~ d~awlo(ld al.cul Un. d4JJ4 £.e/o/U.. uvi. ~., I.Jzca1Me o./- (W)­

noUl'U!Mi. tz/µ_d:4 QI\ iJuz. ~ ~ /QlulW/. fMlA- ~. 
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1.5.J. Walvz. ~ and ffU:0- fi..lli':2, l1ll..i.mak ~ ~ ~ 
on. 1M. ~ o/ cuu; mai1..eA. ac.cunudai..ion. and tAe. i.vu;f./2. l)I 1M. ~ /.iLluu; 
~. ~ t;-LJd. .L6 a f..un-ci..i.on. o/ an. .e//i,c.i.vte.iJ c.ompon.vd. and a .li.m.e. 

.componeni.. T Ju. ~ c.omporuud .u c.omrJ.e.x, ~ ~ 4 -6.i.nh. 
adequac'J and a n.e.L.x)M. Of ~1.og-i.,caL flWCll~-6 ( 4/U f'l9'l- 3 to 8 ) • 

'F wci.hvL, .acme. ~ ~ i.A.e. ~.li?ACIJ C.OfnfOruud maJJ a.Leo .i.nJ1u.­
U1C.ll. i.A.e. Li.m.e. c.ompon.eni.. 

~ ~ .u ~ toi.h. 4 rvz.e.-/1-o~ and pod-/J.o~ 
c.ondi.ii.on.6. Jn. almod. ail .ca.6e61 & fOd-~ da.cp 1A tlut m/)/U. 

i.nifO~. fJi.d,d. dev1ti.opruud ~ plw~ acc.umulati.on .in. 1M. 
~. Tiu. &, .lx)WLC..e,,6 /,o4 ~ ~ alZ./l. (P/5) .in. iAe a.aA. .ilM.1/ 
and Ltan.do~n. pwm oi.h.e4 ft1AL6 .in. & rJani.. A1.ihcu£JA rJwf.c.61~ 
~ fl/U.C/l. tc ~ c.o~ tc <)MWl- /.iLluu;, 4 /0/L t1ut 1111Jd 
c.oniA..iJ.ui.i..on c.om.eo jA.om & £0/l.1 & ba11ec and dam (P/S)( Ul/tA. and. WaACLl.cuu 
1965; Alli._40n. and WaiAcn 1966). ~ ( 1966) dwwe.d. .in. wuud.1 that ~ 
all. f.h.tl ~ .in. cbu; ~ aJi,vz. ~ .i.A Cl.440C.i.aillU w.i.f.h. <jMW1, 

/,iLluu;. 
P/l.O.l.orup.d, ~ iNwurJ,. c,u.i c;r.ai.n. /.iLliJu;, ~ ai. ~ bvel.61 

n«/,,re;. <)MWl, ~. f~ & &hn.(1966)~ UlOi.n i.h.ai. waf. v.i.e~ 
.lend ic i.e.. .i.~ c.olVl.£1.aie.d w.i.i.h. i.A.e. ~ .i..nduced ~ o/. ~ 

.o/ pl,.oic~ ii."6Qte aJivi. /IDWIVl.i.ru;. Tluvi.e. .i.A mo1t.e ~ ~e6GULC..e. 

.o/ o.ld..M. .l..e.auec ,.,Ji.Leh. .could hod. to a /.I.ow o/ ~ piom i.h.elll. ic­
WQAa,6 & 2.0A ( Ail.i..6on. <f Wa.loon. 1966) a.6 .in. ma.i.ztt. 

WaALi.l.aJ,J ( 196 7, 196 9) liaA .uu>wi tAai. ~ 1A 1.i.lib el/ecl. o/ waivz. 
~ on. iA.arwlo.cai.uJn o/. ~ .i.n. tlut c.ond.ud.uu; ii.641tQ i.~l/. 
& luu fO.i.ni.«I. ou.i .that iAandc~n ou.i o/ iAe .haoe-d .i..6 .J.oWQd. and. (W'-

1.oru:pd. 4 wd.eA. ~. Tli.i.A ~11W.11Dn., c.o~ wi.l.h. ~ iAat. 
waiVl. ~ ~ mai.wiai..i.on, and. wUh. iAe clbu.d e/~ on (P/S) .i.n. 

i.M. ~ and. bauu, .co~ f.c 1.ow ~~.in.~ rJ.ani,..6. 
51.aLpA. ( 1972) d.ahd i.h.ai. tlut 11.~.lafi.»e imfx,~ o/ (P/S) .in. i.M. 

a.aA-1 /1a9 .le.a/- and ~ .in. ~ /.iLliJu; d.ou rwt ~ to k a 
ma.Jon. /aci.on. .in.~~~ undvt 11X1LeA. ~. Tlwuz. 
a11..e .impodan.i d.i/-1~ t~14iecn ~cJ.u Q,4.c()ei..alll:d paA,1:4. wi.iA .cAOp 
~.I.ow /,oJt ~ i.M. Mh cl, a.QA. ('P/S) .u, ~ .in. ~ .tAan. 
.in. c.o/tn. ( Alli.40n. & Waiccn. 1966). 




