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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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{ 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; ~ 



4 • 

.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 



8. 

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~· 



18. 

~ 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 



22. 

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). 
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CHA1'T ER TWO fYllfT 00 /iLS Al{iJ fYlcf flOlJS 

Plani.6 o/ So~ i.i.col.o.lL (L) 11/o.en.ch. A.5. 610 ·,a~~ ~ 
~ (jA,Olln .i.n. 4. 5 Li..tA.e. (lOU .i.n. a m.i.xi.wt.e. o/ /.iJut ~ and. .6and. ( 4: 1 v/ v). 

T h.e. flOti.i.ru; m.i.xi.wt.e. ~ nux.ed. well. and ~ ic a .6.ei ~ 

o/ 180 C. T IU1. ~ o/ ~, d.ow-~h.aM ~ ~ adrlecl 
ic ~ pot a6 a &u,al ~n. ic ~ .i.n.i.i.i..a.llJJ od«qual.e ~ 
~. ThL rJ.an,lo we11.e. /la.i.AeCL pwm ~erlo and th.i.nn.ed. to fJAC rJ.an,lo 
f2'lA- pot. Dai; and ru.r;ht ~ ~ .6.ei al. 25 C and 20 C ~­
.i.ve.1.L;. T luz. 1telai i.Vll. ~ and. ~ Lt.1M.e. moni.loJLet:i "; i.h.eAmc­

lujd.N,~. ~ ~ ~ to 15 lwUA.6 4 f.h.e. ~ o/ iMXJ /Ju­
.OM~ .¼)it &lnk.6 pi.JU /.owz. ~ ~ (lRA, &iM. on. k,t/,. 

~ o/ ih.e. ~ lw~. 'Poiled. rJ.an,to ~ placed on. illolle~ and 
u,,j_µ«J NJi.aLionaf.4 rnJ- p.e. d..a1f6 to ~ un.i./.oNR ~n.. 

Thvu ~ ni.n.e illo~ o/ 28 fJOLo fle/l. .bwll..tu;. 

2. 1. ~ ~-

Jn. i:./2.e. wal.v,. ~ and .1U.C.OVRA.Y- e1;ch-1 ~ t&tJ.6 .i.nduc,d 4 
wi.tM.oJduu; i:./2.e. ~ HDar;fmrl. 1 '° ~ ~lu.Li.cn. ( .u..e. ~ 1) 
~ tluz. coniM.l ~ ,duc.h. 1t~c1Z.i..vsul 400 ml..:, fUlA. daJ;. T hvuz. weA£ 

iM.u. ~ Cl;fch..o and ~ CJJ~ dwwu; & l,oll.oww; d.a<ju o/ 

<JIU>wf.h.: 
a) 1ah. wu;eiati..v~ .d.acp-. T i1i.6 c.c.c.wvuu:I. arlfW'~ 4 7 elmµ 

a/1.eJ,. ~ ~w.i.nc;. Jt WJ..6 0~ ilu:zi. iA.e. /,.uuJ. Le.a/- i..t2.6 

Lii"1.i..f.h_ .i.n, ih.e. W>D/1..l af. th..i6 ~• 

l) kDi: i.c LloDm ~. Th.u "'~ 64 ~ a/1.eJ,. .dOWU",• 
c.) ®¥- ~. Thi.6 o.c.c.wvuu:I. Of1/l/l.O~ ~-~ daiµ 

a/1.eJ,. -40~. 

T h.e. ~ ru,619"- c.on6iJ«l o/ a nando~ ~ J../.Ju:A wi.t.A 
.6eL.leJ'l ~ ~ al. iM.u. r;AOwiA darp-d ~ i:AA.lc.e. 

2 .2. 5amrJ..f.nri (WJ~ fYlai.w. Lea/- o/,-~ po4i.U.cn. on. 

iM. pl.an1. and. ltOC.i.4 ~ 10 at p,.om i..ip,6, we1&& ~ f.oA. "°4-
o,ou ~n.. T la.e ~ ~ put. .urut1edi.ai.e4 .in. po~ -'4fl6 
1A cl.up ~ - (AC},, ~ ~ 10 <; Jn ~ ~. 

R,,l.a,U,,. ~ l!Onl..cni. and. Leal UJtJi.u,. pot..,,,i.J.aJ. ~ ~ 

~ on ik 7/A and 6iA .ltz.al ~ ~ fAt,m .tll4. 
topl.ea/-
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Lea/-~ poi.enf..i.al. (LIIIP) ~ ~ -4 iAe ~ Aerni ~­
n..i..rp.ul. ( Sdw~ d. al.., 1965; 731.um d. al,, 197 3) and .11..el.o.ii ue ~ 

coni.iud. (11'.C.) ~ ~ 4 u6.i.nr; w~ and &vut .6
1 md:Aocl. (1962). 

Lea/ waLvz. eoi.enf..i.al.. P/l..ll41,U,'LR.. .&Jm/,. ~ ih..e. XJJ1..em. ~, an. 

~ o/. i/2.e waLvz. poi.enf..i.al. o/ ih..e. .ltui/-, l.lndvz. ~ condi.ii..on6, 

ih..e. wai.lvt poi.enf..i.al. .i.n. a rJani. .oluu,i m.e.a.6UA.lld. wi.l.h. fu ~ &,,J.. 

maJJ k_ ~n«i_ .i.nf.o ih..e. /,olJ.ow.i.ru; COITlf")n.eni.o: 

p = p + p~ . 
Wl.e/1.e. ~ .lo ih.e ~ pvi.enf..i.al. o/ i/2.e huiJ. c.e.lh,, P .u, ih..e. ~ 
aprd..ud. &; ih..e. &ml,., and'H_ ~ i:lu. 4~ci .o/ -6£>.luiJu, .i.n. f.h.e - ~ 
~ .4afJ• J) and.~ .ll..ef~ ih..e. total. ~ i.encli.ru; to IWROL.ie wof.vt. 

pwm ih..e. ba/ ~ and to iA.i4 .exi..enl, P ~ f.h.e lupA.od.auc 

j.o.lU:.e.6 .i.n. t/2.e .i.n.iad. ~. 

LWP ~ ~ ai 9.00 a.m. Tiu,_ ~ o/ ih..e. Le.a/- llade ~ 
cul., ih..e. m..id.-u.e..i.n. ,'l.ellU) u..ed. 1 and. flaced ~ ~ /io,lJJ.IU, o /. a ~ 

d..offUV1-, iluut .i.nMA,ted .i.n1o i.Ji11.. couvi. iAa1 ~ to &,mt .ci;cJ..i.nd.eA.. 
Sujµci.eni. ~ L«l..6 ~ ~w/.J; pwm a ~ of-~ 
ni.lACrpn. I.JJ1Lil. tAe rn.eru...ct.U> o/ tAe XJ;J-e.m .4ap ~ on ih..e. .c.ui. ~ 
o/ ih..e. lea/. Uad.e. T/2.e .lea/-~ ~ allcwtU:i. to pu,~ .onli; b:o to 

/owt mm. /Mm tAe .ofLi.l. d..off«A-. T/2.e. ~ o/ ~ ~ L«l..6 

~ and CG/U!. ~ i.ah.ui not to .c./W.UI. 1M. ha/~. T/2.e ~ o/ 

ih..e. .lea/ ~ ~ llf2(lMJdma,tdi; iA.e. ""2m.e .i.n. eacA ~ ~-

lWaf...i.Vll ~ coni.eni. Th.Lo pu,u.i.£u.d. an.~~ o/ i.n1.eAna.l 

rJ.an.t. wai.vr. de/icii~. l ~ fu/. cL.l4cA /Mm a mdwu .leaf-~~ 
wi.i.lt a c.()M .&>.ll..e.ll., and ~ ~ and. ~. Th.e ~ ~ 

µoai..ed. on. u,al.e;,. .i.n. pladi.c ui.al ~ /oUA. MUIW to /.u.l1. J.wu;i.ci.i.4. T lw1. 
iAe d..Uc,,o ~ ciAi..ed 4 rJ.aci.nr; t.h.em. .on. a /.oWL MiUi. .l.aipvt o/ U-64'ie 

~ and coUIVUld. w.i.iA anoiluv:. /oLVL .duud .l.aipvt. Tlii..6 ~ fl"O~ 

lcU6 odcpLul. iJvwur;Acui. f.h.e (lll.C) ~n.. A dandaAd. Li.!u. o/ cbu;-
1.N:; ~ od.o~. T /2.e. d.i.6G4 weA.e ~ to ollai.n. iu.-'l<jid ~ and 
tuuJ.4 pui. i.hm. in tAe. ouen at. 80 C /,o4 20 /wU!t,,6 and ~ to .o.llai.n. 

ih..e. cbuJ. ~. 14£. ~ c.alcldated /Ac• tAu /.oMUda : 

r.w. - n.w.x 100 

T.W - lJ.W r.w. :zp,.,uh ~ 
T.W.=~~ 
n.w. =wu;~. 
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,?.J.lxiAacLion and ~n (Vl.Oc..ed.wt.e.,t, /,o.1L!3 ~M and .ci;i.olun.i.n. 
~. 
1. lxiAacLion T JUI. (j40l1l ~ o/ l..e.av.e.1> and .1LOOio we11.e. ~ iA 

a WOA.rd.n.r; .t.1.end..eA w..il.h. 80'Jf, ~ m.ei:Aan.ol .foA. ~ ~. T h.e. 
~ ~n uU6 iAan,qvv,..ecL i.o a 500 ml. f-l,a6h. and wi,;ih ~ 

~ U4llUJ a iota!. o/ 100 ml. o/- 80% ,,...etluuwJ. i.o ~ a 10 : 1 uo.t/ 
we,u;hi. /LOli..o o/ ~ .40~n. i.o plant mai.vu..al. T h.e. /la6h. w 
duih.en ~~and (2laced .in & du.(l ~ /.o4 18 MUA.6. Dtvi.i..ruJ 
tAe. i.ni..ii.al ~ r~u:u:.e,6.6, & /J.at,h. kV4 m:pi.n. ~ • At tA.e. 
.end o/ & ~ pvu.,od, iA.e ~n w .µl.i:vuzd. tlvww;1i a 

&.dvuvz. l,unn.d. Th.e. JteAidiuz Wa-6 ~ ~ i.n a 50 ml. o/ nud.luuwl. 

/o/l. j.oWt MUA-6 ~ a /.bud uo.lum.e. o/ ~ o.J- 200 rJ.. 

2. P~n o/ .eiheA. .40h,tl.a. ac.icu iO/L puA.i./,icaii.on., & sxi:Aaci.-
ani w A£d11c.ed i.o ~ ~ on a 40&.J.J ~Aai.o4, .tJu.o fVWc..tU>,6 w 
c.cvvu..ed. oui. W'IWlA. vaccw,m wi.ili. dtu; .ic.e ~ i.o ~ Uf2 i.Ae.. (Vl.O.c..e6.o• 

Th.e. 401:cvu; µaAh. ~ /lO~ .i.n a wai..eA. kiA at JO C and .6/i-i.eld.«L /A,om 
cl-iA.ect ¼)d.. T lie. wai.vz. ~ /l.flJTUWUJU) akJui. JO ml. ~ ~ i.o 

a 250 ml. ~~ /,oil.le., ~ cl..i..di.ll«1 ~ ~ iJvi. /1a6k 
and. tA.e. /.bud uol.um.e. ~ 50 ml.. Th...i..6 i«w .Leµ, ouv,,-n.i..r;hi. .i.n. tAe. ~. 

T h.e. .40lui..i.on kV4 1ai.vt ~w;-eci. at 1, OOO 4.p.m. /.oA. JO ~ al O C. 

T lie. ~ ~ [XJwutd. o// .i.n.i.o a ~ and tAe. pH. ~ ~ io 
2. 5 wi.ili. 50'/, IQ. Ji ~ 1/2.e.n p1ac.ed. i.n a ~ /,unnd and. ~ 

.6'Aoru;4 /o4 ifvuu ~ wi.ih ifvuu .6e.f~ ~ uo~ o/ d.uiJu;l 
dAeA ((llM<>xi.de puu, Wlvl.. ). Th.e. &dlud. lliAeA. p,acli..orw weA£ ~ 

/.o4 iJvf.lu. rtu.J'Wi.u wlf.A 15 mJ. di,d.i_lkci Wt.d.vt. i.o.lL MAIO!.le aJ'llJ-~ 
ci,i.olwww. T/2.c. aqu.tUJu.4 ~ ~ c/.ti.ud. ck,~ UNUA. l)QCA"UIUP at. J5 C 
and .J.o/Uld. /,o4 CJJi.olun.i.n. (lWl--i/.icaLu:m. 

TM. .eihvL pracli..on w .t.h.tm ~ twi.c.e. wdA 50 m1. a/..iqu.oi.d ol, 

5% 40<1i.unt .Li..c.aAknah. at pit. 8 ~ a ~ l,unn.d. TI&£ dJUIA. 
~ ~ ~ tAe. ~ pracii.on and iAL kuic .e.i.h..A. /A,aeiion. 

~ ~. At i.h.i.A d.arp, ~n. ./D/L /.iJJ.c. ~ at 10,000 

11.,~•"'• "~ tAe. ~ni.nr; fWJLl.sua. Tla.e. J.ulJu,d. lUJ"'O""' ~ 
~ aµsv,. ~ ~nai4 eiJUVL ~,w ~ acicu/Jcd i.o ff'. ~.5 
U4llUJ 50% let. and ~ llvuu i..i.m.e6 wi.ih. ~ uo.lu,u o/ d.uiJu;l 
lliJuvt. T he.6.e. dhvz. ~ 4lelte c.o~ and. ~ a4 tAe. acaU.c 
lliAeA. p,acli..on. T ha. ~ piacii.on-" we dA.ud. ouvi anNJ'VWLL4 40CUUIIC 

~ f,o11. ~ /,.oUA.6 , .tkn. µt.t.ULed. and taken. i.o ~ on. a 

40!.alu; Wt:JfOl&ai.o4. 
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Ti.N,,1e ~ 

at:fU:R,OU6 /UlNdue al. 80'/, f1.efJll. 

:f;;::/1o ~ ~ JX~ JhvL 
l ··· ·- ···-- ------... . ---------~ 

~l~ I 
I ~ :laJ;vz. 
I .exi.Aaci. wLth 5'/, NaJICOJ 
: --- pfl.8.5 

~ -and.- .t.a- ,.;, ~ .... ~ 
~ -1JOhdb .dldd.c,. I 

~1:J/2:J,.,. 

PVP ( .J.wvu;) 

~ic pli8 

~~ 
~ 

I 
ac..i.cli.c d.h.vt 
-Pw:ci.i.on.. AZ3A ~-
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'Po~ (lDh;-tV-u.i..ru;l--(UJIVLO.li.d.one.. (PolifciaA. A. T.) l,.tz.4 u..6«.L ao a d.wvu; 
f.o /UlJIWUR. p/2.eno.li..c. COn1fOu.nd6 .i.n. i.i-6-oue .e.J<iA.a.c.t.o (<;.J.enn. ~ a1. 1972, 

11£,,:reli and W(Vl..W'l.() 197 Ja). PVP al. con.c.e.niAali..on o/ 50nu; -mf 7 
lu2.6 add.ed. 

i.o -401.ul..i.c,n o/ elJuvz. ~ o/ Moi ~ and ~ ihoM~ 

wi.i.h. .o/2alu'UJ. Al .. iquvi..o o/. 0.1 N plw~ iujpvi. al. pH. 5 weA.e added i.o 
.t/2.e. -dOlut.ion.. T /2.e. d.wvu; ~ allowed i.o d.and /,o.1t f Ii.. , ihR.n i.he. PVP 

~ /i.l.tv..ed o// and i/2.e. /l.eNffiJ£ ~ w.d/2. .6ilcce46.i.ue a.li.qu.oi.-o c,/ t.uj/'vi, 
and ~ µ,t):AaLi.on uno ~. T /2.e. al,.olJR. p,.acLi.on. ~ ihR.n ~­

~ w.dJi. .ei.luvz.. {/2.e_ e.i.h.e.1t ~ WM.€. dA..i.ec1. OLUVZ. anJujdA.out> 

-40diwn. .6iJ.l.pJi,ak_ , iii.en. ~ and dA..i..ed on a Mi.a.tu; ~/LaicM .• 

T ha. aqu.eauo l.a,./M- c.onlai.rwu; CJ;io~ and lUVUJ f..a.Ai_c i..nh..i.t.i.i.4A Ma6 

-IMdjeciecL io i/2.e. .6aJn.e. d.wvu; rvwc..edwz..e. u4i.1Uj 'PVP. T /2.e. ~ P,aciion 

~ ad.jaded io rJt. 8 and. ~ne.d. ~ llX1Le..ll. .oa1wud.ed. n-.t.uimwl. 
{ 500m.i<,) and ui.ah.en. well.. T h..l6 ~ ~ and i/2.e. i.ut.an.ol. ~ fAaci.i.on 

LoJa6 n.educed io a uol.um.e ~ iii.an. 20 ml.. A /.eJu ml.. ot dJuuwl. ~ added 

and iA.aru,~ io a u.ial. ~ and d..on.ed .i.n. a cl.up //UU!.Ze. uni..i.l. ~. 

J. to/l. 1,./..o~ (UVlp042-6, ~ fJWU!i.c.al.ion ~ ol.1a.i.n.«L 4 ~ o/ 

paruvz. dvu,mai.o<;/"lGfh;. T h..e. /l.e-6.idwu, o/. i/2.e aci.rLLc. .ei.A.eA. .piact.i.on we/L.e. 

Lah.en. Uf2 .!.n. o. 5 mi o/ 50% m.dlumol / 50% ac.e1.o~. T h..l6 ~ ~ wi.i.h. 

a m.i..c.A.o-rv-ruzile. io 'if'-l¼!. a 15 .cm dA.enh acAO~ a .ui.e.ei. o/ (VI-€.~ Wludman. 

No. 1 .clvi.omal.o~; pafU!A-• (1aNUVZ. 4fJOU o/ AZ3A ~ ~ a.o ~. 

T ha. paruvt ~ de.1.udo~ .in a ~ mann.eA U4iJu; i..cO-(WJ(Jal101., 0. 88 

t11111111)ru.a, uxii..eA ( 10: 1: 1 ii; uolum.e.). T fut. dvwm.ai.o~; .lank ~ /uqli. .i.n. 

i/2.e daAh. and .t/2.e. ,40J.u~ ~ al1owed. io /UVL ai,.c,ui. 30 c.m. Tlut. dvwmai.o~ 

~ ~ .i.n. i/2.e devth and c.ui. .i.n1o ~ ~ /.o/L uluud .t..w~. 

to.tL ~ c.oiip.don. .tl.oa4«JJ.,f, ~ fJWU/.i.caUcm ww ca/lA..Ui!d. oui. 

&; ~ dvwmai.o~;. i<twl.lYl. uol.um.eA .o/ ~ weAe ~ lcau.d. onio 
What.man. No. 3 ~ wi.iJi. a m.i..cA.0-~ and <k~l.orwf. .i.n. th.e ~ 
IRQJUU!A.. ~ ~-to o/ h.i.n.eLi.n. we1z.e ~. T ha. -401.wvii. U6«L ~ 
t.ui.anol..: aceii.c ac..i.t.L: wai.vz. ( 4 : 1: 1 uol/ vol.). T h.e. -40h.,u,f. ~ all.owed. 

io .um. io 30 an and. iJa.e dvwmai.o~ ~ 4elnDu«i. and th.e .co~ ,/A,on.i. 
IIIIWUUI. .i.Jnr,z~af.el';I • AU dvwmai.o~ weJU a.iA-dtt.i..ed and. c.ui. i.n1.o eqnaL 

~ /.o/l. A.acl..u,h /,..i.oa4aaJ.;. 

4. '13.i.oa.64all6_ 1. W/2a.ai. .coho~ Lwa46aJJ. T Jui (Vil>~ wi.6 ~-

u.aJ4 that~ 4 N~ & N.J.h,ch (1956). Un.i.pNtt ~ .6eecU o/ 
' Aoi..ea' ~I we.JLe. ~ /.04 /..i.v.e ~ 4 2 % .60d.l.um /u;po­
c.laoJUi.e .tol.ui..i.on and. ~ -40ah.ed .i.n. ~ ~ /IJ.11. h.xJ lwww. T helJ ldeJte. 

plocw or,, mc.Ld. µ1t.eA. ~ .i.n. plod.i.c ~ and plac«I .i.n. ilUl. d.aAh. at 
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25 C. ~ coue.tl-6 ~ placed on icp o/ fu ~. f1/.1..eA t1vz.u_ daJJ-6 
fu coh.opii. ~ ~ L.x> ic ~ .cm. .loru; and. ~ /.o.1t. u.6e. Ten. mnt. 

-6flci.i..on4, ~ mm. k.lund. fu Lip, t.J(¾e. c.ui. pwm iAe. cofupl.i.1.u, wrl.vz. 

~ .li.c/i,i. T Ae. .col.e.opli.le.-4 we.1t.e placed .i.n. d.i.d i. ll.ed wai.vt. unLLl. .l.ai.VL 
u.ud.. T Ae. ac..i.di.c .ei:1uvL dvwm.ai.o(jA.a/'IU) we.tte c.ui. i.ni.o f.a.n. ~ pl..a6 a 

.coni.n.o.l d.4i.p pwm ~ fu l..a.oe. ~. &,..eh ~ w A.OU«i. ~ 
and pui. ~ a 40 X 20 nm. uial.. 2 ml.. o/-~ ~ £.u/./VL 
{ 4e.e. ~JJ we/Le al.cLe.d. ic eacli uial.. C.01.e.opi.i.fu we/Le rJUi i.ni.o ~ 
ui.a1. wu.ch. w i.h.en. ~. T Ae. ui..a.Lo WM.e iAen. pl,atwL on. a L.vuL i.atl.e. 

and. A.Of.aiRd .dow!J; /.o.1t. ~ lioUll..6. T Ae. ui..a.Lo ~ /UJnev«L and. 1 ml. c/ 
10'/, ~1 ~le~ ic lull fu ccb.c~. Th.tt .c.ofupLJ.b-6 ~ 

~ al. a ~n. o/ al,.cul. ~. 

A d.c.«UJ.e. /l.eAf'On4'!. cww~· w ~ /,o.1t. ADA 4 rd.uLiJu; .i.l. /ACllt ~ 
.clvwmal.o~ and di.l.ui~ fu .vdAac1 0L)J2/1.. a~ o/ .C.O~n.4 

pwm 10 ur;/ml. ic 0.002 w;/ml .in. a l.o<; cli.1.ution. ~. 

2. T AA ~ .c.oi.ljledon /J.oa,6,6QJ;. T h..i.A ~ ~ fu .60/R.e. a.6 

~ ,4. LeiJuun. (1968). Th.tt cdi.l.i.iy. o/ .cJJl.oh.i.ni..,u, ic ~moi.£ the 

~no/ ~.i-6eCL c..of.~n.4 .f.c/l/1l.e.a fu ~ o/ th..io ~· 

S~ c/ ~ ( Aapharuu, .«ii.iuu, L • .c.u • .loru; ~ .dAai.n.) t..iM.e. 

-61lbci.e.d and.~ on. we.ll. weilecL µ.t.Lvi. f20fU¾ .i.n. p.la~c iAaJµ, .en.cltJ4'!.ti 

.i.n. po~~ and. kiqi1 .i.n. fu d.aM. al. 25 C. On.e and. a ha.I/- daJJ-6 .lai.vr.1 

fu ~ .coLJh.d.on o/ fu paiA w ex.ci..oed pwm fu mR.CLi.um 41..ze. .ou.d.-

1.in.r;,o. &>f.i;fedon.4 weJZ-e .ex.c.i.<>ecl .i.n. fu .li..t;Jd. and. we4'!. pool.«J. in. d.i.di.lhd 

wai..eA. lJn.i/.o/UTZ ~ .coL;l,edon.4 we./t.e ~ and. fiac.orl on. l,i.ll.ui. pafUlA. 

.i.n. ~ ~ ( ~ 9 cm.). &.cA c/.uJt .conlai.n.tt.d. on.e GiA.c.h. o/ 

µtietr. fOfW, (Wliatman. Ne. 1) and. J m.l, o/ ~luni.n. 40Lution ( ~ 

.i.n. plw~ &4/-vr. ai. rJ{. 6). e,.uµ .co4J,«icn.o ~ piat:¥i wit),. t)l£iA. 

U(fl'V'- .6Ull./rLC.e4 .conl.ac.Li.ru; fu .c0.lui..ion. T /2.e. ~ cluJi.u ule/t£ put. on. a 

UUt.ei. o/. 1.ieilecl ~ .i.n. a iAcu; wlu.cA w i./2.ua. .eru:.l.o.ud. .i.n. a pl.a4i.c '41;~ 
Aµv,. tJvuu. dcu;,o al. . 22 C ! J C undeA. we.ah /luD~ ~, t.h.e 
.c1JL;l«l.orw weJU Uoii.«I. clA.t; and. wei.r~. A .d.ndaAd. ~n.6& w ~ 

o.lJ..a.i.n.«I. ,/-Dtr. h..i.n.ei..i.n. o/ UQA,,U)U.6 .con.c.eniAalioM pwm 0.002 i.o 10 "91.J.. 
TA& leuel-6 o/ ~lwwu, ~ ~ a.6 /un.oi.i.n. .equ-i.vahni.4. Wlwi. 

~ CJJf.olwwi l.wdt, .in. ~ ~, LiotWa'f'6 welt.e. ~ 

cui ~ud,;, -«> i.hai. .co~n could. k mad..e. tehiell/1. ~. 
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2.4. {'~ of r;JIUWl- ~. 

T~ ~ we/Le. u.6R.d to ~ an .i.ndlcati.on to f.A.e. eJ,feciA 

o/ wai.eA. ~ on ik ~ ~ o/ ili.l?.. pl.anf.. At f.A.e. p/uJ4io.ltJ~ 
maiwi.i.4 dat,e., <JIULi.n m.o.i.d.wi.e. content ~ ~ Mqu.en.li.aill,1- . , 

J.e/o/Le. ~ f.A.e. ~- ~ uYd.£)d. and~~ we.,i.e. d..ei.vt.-
m.i.ned. • 
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JniA.ocLu.cli.on Th.e. ~ih o/ Lune ih..e. ~ienl. f..ooh. .jAom ~ -60Wl.JUJ 
to ih..e. Lun.e o/- /..i..rud i;-i-e-fd IW/Wed LLa6 iM.e.e. moni./2.o. (lvz..e.e. ~ ~ 

.c1;c1e,c> t.Je/1..e. .i.mfc~ ci.wt.uu1 ih.e .P:,ll.owinrJ dnr;;e-6 oJ 7WwUL:-

1) T Ae. J..uzd. 4UU!..64 ~ ~ 'GIi. 4 7 dmµ> aJLvz. 4e.eCL .o0wuu;. T lie 

fhvd..a at tli..i..6 d:-a.r;e have af{VW~j 8 lo 10 e.xpanded. l.eaLJiU>1 

.U, d.en.of..ed. a<> l ah V R..lj.el.ai..i._v2. dar;e- ( ~ ~ ff fLale. 1). 

2) T/2.e 4€.C.Ond ~ ci;cJ.e. .leLp. 64 dat~ a/1..eA 4eed .o0wuu;. T Ae. 

rwmlR.A oJ e.xpanded. lea11£..6 lwd ~ 1.o 10 io 12 /d-f.t; ex­

panded 1.e.aufU;, and .u, ciuwi..ed. eu, &>oi. lo lloom ~. ~ 

m.i.d.-/J.oom (U!-IUOd CJ{'-;vz.ox.i.nuJl.eL; 50% o/ ~ had oc.c.uAA.PCL 

( (llni..e 2). 
J) TAe. jjwu:/_ ~ CL,;ch. .COfT~ 75 da.tµ ajLvi. -cOWLJUJ and .u, 

d£n.oi..ed. a<:> dow)i. d.ar;e ( fLale. J). 

J. 1. Wai..eA. d.ai.uo ci.ei.vun.inali.o n..6 

T /2.e n.el.at..i..v.e. ~ .conl.en.t (1~) and l.ea/-~ fO&d.i.aJ. ( LWJ>) 

LJa1.u..e-o wz.e. di.owed /o/1. iw.cJi o/ i.Ae. i.lvz.e.e .c;;.c./..ea .iJi. /~ 12, 13, 14. 

S.i..c~ dian,.;pM .ui. o-u:..J and r uvP J l)~ G/1.R. .i.ndi..cai..ed ..i.n. ll.f~ F. 
T Ae. ~ d-Pj..i..ci.t at ih..e. maxi.t,u.un ~ ~ o/ th.e dou.cJi puu.od cwi­
~ ~ at {luC) 6?),, a11d t/2.e. .d,m,.d.aAd e.NW/1. .u, ./..aJu;e,d at ~ 
ma.x.bnunl ~. T uXJ i.nlfJO~ /.e.aiwuu. emR/1.{,;ed. /Mm ~ ck.j...ic.i.l.6 
.//.-P.o1.di..6, iJ'I.P/Le. cvz.e. a) at m.i.J.d. ~, (iW.::.) c;,il.J.l!.A vvu; 1.ow vaiu.ll.o and 

f0~'1; a ~di; ~2. .i.n.d..i..cato1t Of 1ilani. waLPll. ~fici.i., 1,.) 
ih..e. ~ ~ a /Uqud. .//.2..col.J.eAJ.j pwm 4.eLJe.11£ ~ d£jl.c.i.i U(X)n 

/l.R.-~. 

3. 2 0 &.oa.wu; ~n-6 

1) Wli.eat _ .coi.e.o_Li.lJ.e. Th£ /le.-Ol.d;f..o Of .coleopli.1.e. n..e.oporL611. lo 

.clvwmai.o~ -6-P.ci.i..on..6 luw.e. &.en pl.oi:.let.L a..6 /2..id.o~ ( ~ l. 
~ 15 to 20). Onli; fu ac.i.di.c .eiJuvi. /A1aci.i.on.-6 o/ leai~ and 

,wo.U ~ i.aJU!Jl j.o/1. l,..i..o~ ~n.. fYkvJud. .inluLi.i.o/UJ ad..i.vi.i.'I 
~ ()~ ..i.n. .the. n, 0. 5 to O. 8, fu .i.nALl,.d.o/l. zone. ~ ½­
'lJe.nnet-C./.aM. and &/ja"ld. ( 1953). Stpii.ludi.c. AZi4 maM.ed.. .opo.f.o aLco .c.ovvz..ed 

a~ /UJnff'l, o/ '~/ ~. Valu.e4 o/ .inh.i./J.i.o/1. .con.c.u1hud.u:m ~ 

~ ao ( :J Al3A u~, weA.e. c.ai.cul~ pwm & ~ U4iJu, 
data µ,/1. & ~ c.wwL tr~ 10 J. r ~ va1.u.,.,o wie. 4N:>W'L µ,/l. 
.the. ~ C.J;ci.v, .iJI. .µrpz-e,,o 12 .to 14 and. i.ath-<> 1 .to J. T/2.e. &Ja.tue.o 

of. A23A ~qui..Lia.l.udA aA-e. 
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~ and no prw.c.ecluA.e. .i.,t, .ccvvz.i.ed oui. to c.alc,,late. tAe. % o/ /TBA M.­

.C.O VIVUJ pu,m ~ tAe. m.eiJwd of. ~n and fUA.i.fi.cali.on. di4c,,-6ud 

~. 
TM !TBA c.onlent. .of. th.e. idl&l iR.aiJ.u, ~ 13 f.cld. wum. th.e. 

rJani:.6 ~ 41.J.tjru/ed 1o fl/1.Cl.o,u,;ecf. ~ (UlA-lod. dwwu; fu ~ and. 
-6eC.Ond. ~ c.i~. IIDWIZ.lJl!A., & ~ .i..n. AZ3A c.oni:anf. i..n.6 .l.e6o 

rnaNUld pwm h.aJ-~ taken. dwwu; tluz. -I.ad ~ ct;c.h. At {LWP 

o/. -16 &:vz., i.AeA.e. ~ a 6 /,old ~ ..iA /TBA hwe.l pu,m tluz. c.oniA.oi.. TM 

d..ec..li.n.e. ..iA Al3A i.u,e.U uUA v~ M,pi.d on ~. Au.oUIVUJ ~ 

Wl1.ch. A«hiced llX1i..eA d.ep.ci.i , ~ /TBA to leue.U c.o~ kJi.i.h. 

tl,o~ .i..n. .!Dw ~ ~" 
Wh.eai. c.ol.rw~ IJ..oa.Mxllf ~n. /A.am fu acidic .dh.e-4 

pracii..oM o/. MOU we/U. noi. ~ ~ /,oA. .th..e ~ ~ 
c'lcle-6. T luvu u.n6 .onh; 2 to J /.old ~ .i..n. !TBA leud-6 W&.en. tAa. rJani:.6 
k.1M.e ,,ii.lied. On.e. .impo~ µatw,..e .i.,t, iAai. tAe. ABA ulJll.U .i..n. hmie-6 

~ c.o~ ½Avt. i.Aan. .i..n. /l.OIJU. 

2). ~~:E.i.LJ-!1don T lu! /t1t.6ldL6 ol, /LOCUU1 c.o4l..ecu,n. ~~ 

to .cM.Omaf.o~ ~cfi..o!L6 ~ ~ rdiJf.i.«1. a.6 h.i.d.otJADl&6 ( 41A. ~ II 
~ 21 to26). Tlvl. t.ui.an.ol. f.Aaci.ion..o o/, uaoe-6 and. A.OOL6 well£ (In.Li; 

i.alun. /,oA. IJ.oa.6.MJj ~11. rr1aAh.ed. rw:,moio.tUJ QJ:.ii ui.t,; ~ 

o~ .i..n. .th..e A. I O. 2 to O. J and. 0. 5 to O. 8. V a.l.u.e6 o/. l!l,jf.Dh.i.N.A 
.c.o~n ~ a6 ki..n.ei..iA ~ ~ c.alcnlat«I ,pto14 
1M. ~ ~ d.ata /A.am iJuz. d.ancLaAd. c.wwe. (F .i.rpu1, 11). T ~ vahu..o 

QIU UU)ldl, /,e,4 i/u,_ iM..u di.//vi.eni. e1;cJ..e.6 .i.r,. ~ 12 to 14 and. .f.aJ..l.eo 

4 t.o 6. 
Th4. CJJi.o41.n.i.n. aci.i..1.1.i.iJ, .i.r,. leaUC-6 ~ ~ {JJ~.05) 

al. tAe. ma.x.u,wni ~ .d.arp. dwwu; .tAe. l.iA.d and iJw,d. ~ CJ~. 

Tia., ~h.i.rwa. adi.1..J.4 .lo /1./ll.ati.u~.4 ~ .JA &:,iJ,. .haua4 and. .~ 

ialuu,. dwwu; l..a.4 ucu;etal.i.~ dar;e i.lum dwwu; fu. .lai.e4 ~rp.6 o/. cu.­
vJDpuni. 

T A.e. .a#,ok.i..n.i.n. acU.,.1,i.LJ. .i..n. 4DOU uw~ a ~ iAend. wun. 
rJani:.6 we-u. ~·cc/ed. i.c ~ ~;d-e., tut. fh.e. .,,,,.o1,Li6 ~ n.o~..6.i.J,ri­
.i/Jcan1 ~ l.ai.e. Ull"}eiaii..1.~ ~ (~ 'P=0.05). 

G;f,.olu.n.i..n. aci.i.1..J.Lj .i..n. hm>e-6 and 4DOL6 did. n.oi. .iJu:Aca.dC ~ 

lli\tn. i.h.& pl.ani..6 ~ ~ /,o4 iliR_ tJvi.u. .d.u.66 ~Lu. 
tN>m tA.& dvwmaio~, ~ ~ aA.e. tUJ-irw,l., ~ued iUVUI. a6 

puA. 1 (Al- 0.2 t..o o.J) and ~ 2 {A.I o.5 t..o o.8). T~ i"10 ~ 
~ JA ~rw irJ ~ ~ ~ aNI. iM .loge ol pl.ani. 
rh1J.opuni.. 'Pd. 1 IUde4 ll¥Wl. ~ ~ QIU .uR(ID.ud. and. 
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.c.on..c.om.i.lani.4, i:.lvv...e. .i.A a ~~ .i.n p,wh 2. & ~ cleue.1.op .i.n.i.o 

Uo.om and. cl.ow;h. ~' ~ 1 .i.n Lea/-~ ~ .i.n a.ci.i..ui..f.v. 

N.o ~ d!di.e-o a/Le ~ oui. to ~ th.e. ~ /AaCi.­
.ion.6 .i.n ,'l.eak 1 and. peak. 2. Awh. 1 dwwed. th.e. .dew fllOI.W'Uj ptaci.Lo,u, and 

~ 2 fwd /ad nzo/,.j_li,f_'f .i.n iJi2. c.lvwmai.o~. 

J.J. 'f.Lwl. ~~ 

T.k µn.aL kvw.ed. o/ rram y.ie.ld. .i,4 Nlew«i. .i.n. iaJ..le-o 1, 8 and. 9. 

T/2.e. h4J .co~~ of.~~~ aA.£ ~ ~ fM!A. 100 ~ 

and .oe.ed. ~ f'!A- ~. ~ ,,,_;..dd. 4G6 ~ 4edu.c.«I. 
Wl.en. ~ ~ ~·ecW to [VlC.lorupd ~ .i.n all. iJvuu .dcu;Ld "I 
<;40wih.. T aU.e. 7 dww-o i.Aai. a ~ni. A«/ucii.on .i.n ~ ~ 

and ~ ~ Wl.eJ'J. ~ .cJ;c.i.e. utUS .i.tnpo~ d.wuJu; 1ai.£ L1UJPi.aii..1.1e 

darp. ~ ~ ~ 1uuluced cori4idvt.al,1.i; m.o4e i.han. iluz. t,.tAv,. h.XJ 

~ .cJ;,c.J..e6. 
Talk 8 ~ to iluz. p.nal ~ dda wlum ~ ~ 

weA.e .i.mpo-o«l CUUt..iJv; I.cot to tl.oom .datp.. PAOJ.o,upd. ~ ~ 

~ iAe. <J'UUl1. IJ-i..e.1.d. Both ~ ruan.i.RA. and. ~ QIU. a//e~ied 
t.ui. ~ rwm/,..vt, .u, cbuuJical.h; ARCluced ~ (M) .i.A al. -15 &vt., ~ 

~ CO'¥()f'Ulni. ~ to .k ~f A~lai~ to ~ ~., WlUI. 

~ a/U!. 4lttjeci~ CUUt..iJv; .t.A.i.4 ~wih. d.arp.. 

Dwwu-; cl.ou.c;h dar;e- ,~ and rvwlonrpd. ~ ~ /U!.­

clu.ud. & y.idd.1 Lui. .th..i.-o IUZ.6(10n.M.. .i.A co~ ~ ~ tAon 

iluz. L4J ~ ~ o/ <Jll.Owi.A. 
T/2.e. ;z.eco~ ~'° ~ aJ,tvi. max.iJnum. ~ cuµc.i.t, cLi.d. 

not. ~ ~ pwm fAe. max..imuJn .IJ.411.~. 
Th.e. A4.44t.li.-6 @"1W. i:Aai. tJi.e. b.,x, flMJwth .dacJu '!"'d. ~ ~clM 

4 ~ ~ aA.e i.) ~ uu;etai.i. ue datp and. i..i.) d.wuJu; iAe. .i..nflc­
~ chiieh>rJIIW1i. and /J.ol4/t.i.ru; ~' ~ appli..tul. d.wuJu; th.u 
~ ll.4!4ldied .i.n Aecbteed ~ o/ .6Ud. (UV', pan,icle.. 
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100 U----'--------' ____ __._ _____ ......_ ____ _.__ 

0 0·001 0·1 

ABA 
10 

Concentration 

'F~ 10 Siand.tvu:I. w 1,oA ~ c.ol.eopi.il..e. IUU>fO,W, i.o ~.i.4'..c. 

ac.i.d. Tluz. ~ Li..ae.6 .i.ndicai:.e & 2 S.t. .limJu. 



C, 

E 

-s:. 
.2> 
Cl) 

~ 

C 
0 

"C 
Cl) 

>--0 
0 

46. 

32-----.---------------·--------

30 

28 

26 

24 

22 

20 

18 

16 

14 ...... _______ .....,j.__ __ ...i.., ___ .._ __ -J. ___ -L,._, 

0 0002 0·02 02 1 2 10 ug/ml 
Kinetin Concentration 
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T aU.e 1. UUJ/ ~ fX>·tud.i.al ( lJJP), JUdoi:..uUl. wai.vz. c.onl..ent (~) and Al3A 

~.U .in 40~ ha1iu and /ZOCL<> ~ d.wwu; 1ai.Jl. uegeiatiue .d.arp. 
Waivt ~ wiM.Jd pu:vn dru; O. fkan ! S.l. (+) u.i.oi.tiJJ 1,ai.ll«I. 

Sampli.ru; i:..ur.ll. LWP M AB4 stqui.valeni. ( lU}! ,J.} 

da1f4 (.&vt) (%) ha/- IU)t)Ls 

0 4.0 + 0.4 98.6 + 1.J 0.23: O.OJ o.oJ: 0.006 -
J 4. 7: 0.44 97.J : 2.2 0.26;: 0.02 o.oJ: 0.005 

6 7.5: o.5J 94.6 + 1.4 0.52 + 0.02 0.031 t; 0.007 -
8 9.5 + 0.67 89. 7: 2. 9 1.87 : 0.06 o.o6J: 0.006 

10 + 14.3 + o. 74 73: 2.5 2.88 + 0.2 0.08: 0.01 - -
11 J.5 + 0.25 97: 1.6 o.46: o.o3 o.oJ: 0.005 -
13 4.4 + 0.32 99.J + 1.2 0.21 :! o.o 1 0.013: 0.002 - -



52. 

T at.1.£ 2 • Len/-~ poiu,,lial ( LWP) 1 A.d..aii.1.uz ~ c.oni.eni. (M) and. 

A23A i.e1.uz~ ,in. -40~ lea,ie,,,:, and Moi..6 ~ ~ I.Doi. i.o .t..loom darp. 

Wai..eA un.cs wJ.iM.eld //LOm cl.at; 0. {1/ean : S. l. ( +) ui..<>i.l,.IJJ ,ui.,lilVi. 

Sa,npluu; i.u.z.e, LWP M ABA ~cp.,i. uale.ni. ( ur;/m.l) 

dcu,µ, {t.aA.) (%) Lea/- JW()L6 

0 4.3 + 0.38 98.2 + 1.4 0.26 ! 0.02 0.035 + 0.007 - - -
3 4.o + o.4 98.5 + 1.6 0.29 + o.o 1 0.04 + 0.01 - - - -
6 6.5 + 0.35 94.8 + 1.4 0.57 + 0.02 0.05 ! 0.02 - -
8 8.6 + 0.46 82.4 + 1.75 2.49 ! 0.01 0.01 + 0.008 - - -

10 + 15.2 ! o. 77 76.4 + 2.3 3.44 ! o. 3 0.08 + 0.006 -
11 4.5 + 0.29 95. 7 + 1. 7 0.65 + 0.02 0.04 ! o.ooJ - -
13 4.1 + 0.12 97.4 + 1. 7 0.25 + 0.02 0.01 ! 0.006 - - -



53. 

Tall.L J • Lea/ waLe4 poi.ud..i.al (LWP)1 JtR.l.atiue ~ CDni..eni:. (M.) and 

Al3A Leu~.U .i.n .«>~ Leaiie-6 and. /LOO~ ~ ch.vwu; dow;h. ..darp. Wai.vt 
~ wi.iMJ.d. /A,om d.cu; o. ~: 5.l.. {+) ui..4-i.t4 wi.LM. 

5~timR.. LWP M lll3A eqn i uaie.ni. (w;l..t.) 

d.mµ (i.aA.) (%) .le.a/- 400~ 

0 4.0 + 0.3 97.6 -t- 2.2 0.26 + 0.02 0.02 + - - - -
J 4.8 + o.J 97.3 + 2 0.33 ! 0.01 0.024 + - -
6 1.0 : 0.43 ~.5 + 1.7 o.5 : 0.03 o.oJ + - -
8 + 9.8 + o.48 85.2 :! 2.4 1.6 : o.04 o.045: -

10 + 16.5: 0.8 66.6 : J. 1 1.45 : 0.01 0.05 

11 4. 7 + 0.37 96.9+ 1.42 0.57 : 0.02 0.026: -
13 4.1 + 0.2 97 ! 2. 1 0.18 : 0.01 0.02 -



--

54. 

T aU..e. 4 u.a/ wai.Vt potud.ial. (LWP), /lel.aU.1.,e wai.eA. co~ {JU.) and 
CJJf.oki.n.i.n hue.U .in. -'1C~ ha1,e1> and 400l(, (0 f.o 10 CA) ~ ·cLwt.i.nc; 

. l.a1.e u.erpial.i 1.ie dar;e-. Waf.vi. £c.t2.d wi.tM.e1d. fA.cm. elm; 0. ~ : 5. c.. 
r + J z.ii...oi..1.4 wi. lted. 

S~liRU!. LWP ~ (%) J<.i.n.et..i.n. ~qui.val.eni. % u/. 
(~) (&vt.) w;/ml. ( bwJ.) ur,/ al ( JWci.4) (:,()niAO.l 

0 4.0+ 0.4 98.6 + 1.J 1.91:0.2 1. 98 : 0.01 100 100 - -
6 7.5: o.5J 94.6 ! 1• 4 1. 7 + 0.06 1. 73 ! 0.01 89 87 -

+ 
10 14.J :! o. 74 73 + 2.5 1. 12 ! o. 1 0.84 + 0.16 60 42 - -
13 4.4 + 0.32 99.3 + 1.2 1.1 + 0.15 1. 17 ! 0.23 60 59 - - -



55. 

T aLu 5. u.a/- wai.vi. {XJilzni.i.al_ (LWP), /tR..lati.ve wai.vi. c.oni.ud (JU:.) and l!IJi.ok,.. 
.i.n.i.n. 1.eWlU .i..n. .co/lflwm. l.eaneo and .IU>.OU ( 0 i..o 10 cm.) ~ ~ &Joi. 
i..o ll.o.om darp. Wai.eA. w wi.l.M.J.cL fAcm. daJ; 0. fYkan. : 5. c.. ( +) vi.4i.l,-l11 

,.ulted. 

S~i:.uu LWP M(%) lwud.in. ~ (wpm.!.) % .o/-
(CU1JJ4) (iaA.) (lea/-) ( /l.OOIA) .ccniA.ol. 

0 4.3:: o.38 98.2 :! 1.4 o.7: 0.1 0.61 :: 0.04 100 100 

6 6.5 :! 0.35 94.8 + 1.4 0.57: 0.04 o.45: o.o5 80 74 

+ 
10 15.2 ! 0.8 76.4 z; 2.3 o.49 ! o.04 0.33 ! 0.03 70 55 

13 ' ·· 1 :; o. 12 97.4 ! 1. 7 0.39: 0.05 0.23 :! 0.02 55 37 



56. 

T ~ 6. Lea/- wai.eA. poi.ud..i.ai. { lWP ), Ae.1.ati.i.ut ~ a,nl..ent. (ll!.C) and. .t:JJio­
k.i.n.in uueU .in. ~ luwe-a and /ICOL4 ( 0 i.c, 10 cm) ~ dwz.i.ru; douc;A 
d.atp. Wai.eA. Mt2.6 wdhii.e.ld pwm. elm;. O. f'ilwr.. ! S.l. (+) ui.<>i.J.4 ,-ai..lilUL. 

SomrJ.1.ru; i.i.JM. LWP M (%) ~ .equluab.ni. ( w;/.J.) % o/ 
(CUUJ-6) (&vi.) (1JUZJ.) (IU).()14) .ci:,rJ:Aol. 

0 4.0 + 0.3 97.6 ! 2.2 o.41 ! o.oJ o.JB + o.04 100 100 - -
6 7.0 + 0.43 94.5 + 1. 7 o.36: 0.06 0.37 + 0.03 90 -

10+ 16.5 ! o.a 66.6 + 3.1 0.32 ! 0.02 0.2 + o.oJ 78 55 - -
13 4. 1 + 0.2 97 + 2. 1 o. 17 + 0.02 0.2 + 0.02 40 55 - - - -



57. 

T aJ..le. 7. ~ .i.n. .6IUld. weu;J,i., ~ and ~ IJi..eld pwm uaA-i.ou.6 

~ ~ dwwu; 1.ai.e ~iaii ue da'i'l • ~ t>/. i.M.u. ~ 
!.s.t:. ( +} vi..4'.J-4 1di..li«I. 

r~~ ~ weu;J,t ( 9) S.uri. ~ P~t;J.eld. 

( clw;,t,) fU!A 100 ~ {JI/A.~ (9) 

0 3.23 + 0.06 336 + 7 12. 92 ! 0.23 -
3 3. 11 ! 0.03 315 + 20 10.96 + 0.16 - -
6 2. 92 + 0.06 320 + 10 10.23 + o.43 - - -
8 2.43 + 0.12 297 + 14 7.54 + 0.31 - -
70+ 1.83 ! 0.13 283 + 17 6.25 '* 0.43 - -
13 2.23 + 0.08 276 + 6 6.74:0.J -

** * ** * ** * 

C,onlJu,1 3.23 336 12. 92 

L.S.D.0.05 0.26 31 1.03 

** ~ al. 1 % hwd 

* ~ al. 5 % fud 
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Tat.le. 8 • ~ i.n ~ we..u;AJ.1 -~ and ~ y.i.Jd. /Ao• I.JQA.,U)U,4 

~ ~ ~ I.col f.o lloom darp. ~ o/ t/vw. ~ 
: 5.[.. (+) u.UiJ.1.y wi..lJ:g,c/. 

0 

3 

6 

8 

10 + 

13 

L.5.D.0.05 

2. 79 ! 0.04 

2. 72 + 0.06 -
2.64 + 0.05 -
2.84 + 0.06 -
2. 95 + 0.05 

3.01 :; 0.06 

2.79 

** * 

o. 12 

** ~ al. 1 % .le.vd. 

* ~ al. 5 % lewd. 

401 + 14 -
3ro.,, 12 

384 + 9 -
244 + 12 -
183 + 9 -
213 + 7 -

401 

** * 
22 

11.85 + 0.18 -
11.2 + 0.22 -
10.6 ! 0.06 

7.34 + o.37 -
6.3 : 0.15 

6.66: o.JJ 

11.85 

** * 

0.83 



T at...lL ·9. U~ .in. .ae.ecL we.u;J,i., ~ and~ t;-uJ.d p,.om. IXl/U.Ou.o 

~ ~m.eni.A cLwz..i.ru; cltJuc,;h d.at;e. ~ o/ i:Jvuu. ~ 
! 5 .l. ( + }1.1.U.i.l,.4 wi..lt.ed. 

T~~cw 
{ d.aifd) 

0 

3 

6 

8 + 

10+ 

13 

yuun. Wl?.-Ujld. (9) 

fU!A 100 ~ 

2. 7 + 0.04 -
2.61 + 0.05 -
2.46 + 0.05 -
2.41 + 0.06 -
2.21 ! 0.05 

2. 18 + 0.07 

** 

2. 7 

o.5 

* 

** ~cani. at 1 % hwd 

* ~ at 5 % fud. 

5.e..ed. ~ 

flVI.~ 

395 + 10 -
388 + 10 

373 + 6 -
336 + 7 -
295 + 5 -
329 + 

** 

395 

20 

10 

* 

12 + 0.43 -
10. 9 + 0.29 -
9.68 + 0.14 -
8.66 ! 0.13 

8.2 + 0.25 

7.6 + 0.23 

** 
12 

o. 73 

* 



60. 

DJSCLLSSJON 

T /i.e. coh.o~ l.i.oaAc,O.Jj cf.p..i..e..cJ:A a rw;rd.VL o/- .COITl(XJUJUU; wlu.cA c.o~ 

i.o ih.. .i.nlu.t..J:.o/l. J3 z.on.e., /utd- d..ei.ed..ed ~} lle.n.rud.-Cl.aAh. & &/fa/Ul ( 1952). 

t7..ill,.o.ll./Ww ( 196 7) .i.dvil.i/i...e.d.. ABA .in a IUUTl&A. o/ cLi/Jvz.ud. rdani. f0/1.Lo and. 

"1/U!c.i.u,, and & R./- o/ A73A manlc.ed .6f01.c, c.o~IUU!d WLl1 wi.ili. il.ai. o/­

.i.nA.iJJ.i.o/l.p 1 .6UCJr;id".i.Ju; tlud A23A L5 i.h.e. mod ac.Li..ue. componvil. oJ fu 

.i.nA.iJJ.i.o/l. j3 c.o~ /,;.hwfa & llbz.on. ( 196 9) ~ i.hai. fu nla,j.o/l. 

c.olTl(XJn.vd. o/ iJi.R.. .i.nA.iJJ.i.o/l. z.o~ idu.cJi. dian.rpd ~I .in. ~ 

wi.li..i.ru; wli..e.a1 h.av.u, 1 ~ .in /ad ABA. T lw.; had ..i..ndi cabd tlud ik.. cpuini.­
.ii.ali.ue. cU//~ .in. .i.nA.iJJ.i.o4 ~ c.o~ -'Leµeci ih.. ~ 
lXVU.aLi.ollA o/ MA. flnwrwVL1 L~ fWU-1-.i..cal..i..on. ~ fTl()/l.L ~ iho.n 

ilud. ~ oui. .in.~ ~ /n/l. l.i.o~ l,X)/l.k.,• ~ .in iJlLiA. 
l,X)/l.k.1 a num.t.vz. o/-~ ~ had .ken. /l.ll/U)LJed pwm fh.. .i.n/u.t..J:.o/l. 

z.on.e.. T luu. fu .i.nA.iJJ.i.o/l. z.on.e. c.onlai..n.6 oth.vz.. ~ .i.A we.1.1 cLoc.wnud..ed. 

II.old. ( 1971) h.aA clvn.on.dA.a&L iAL ~ o/- mo/l.L ikn. ()tu. rJunoLic. ~ 
f.an.u. .in 1k. ~ c.o~ ptom Solmu.un f.ut.vw.c,J.Qn. k.lJ.ru,on d. al. ( 1963) 

/l.Lf)()~ ilud. ~vvza!. rJt.e.,w.li..c ~ had t..u.n. .Loo.lai.«L pi.cm iJU!. 

.i.nA.iJJ.i.o11. Z.OTLL1 ~ COlJJTUJ/U,C. aci.d.., ~ acid anc/. pc-<>-6-i./,..!J, 

/VULli..c. acid. Ji .i,.c, pc~ i.hai, .6LUYI. rJivwLic. /1.elakd .i.nlu.ldo/lA Q/U 

~I /UAf<Jn4d.1.e. /-o/l. fu cywwi.h. .i..n./2.i..Li.n /1..U~ .in fu w1i.La1 
c.ol.o.w~ /UU~pon,/:,1., C.Ounuvuc. aci.d.. /2.aa ~ diown i.o .i.nAi.Li.i. ~n 

c/ 0and Aapi.d. Miuce ~. 
Ji. ~ 4µcult i.o ~ fu aci.ual ruunl,.vz. o/. Li.mu fu ..i..n~.lli.f.c4 

UJ.;.dt, ~ pwm 1/2.e. coniA.ol. ic maximum~~ kcau~e. o/ 
1k. .li.m.i1.ai.i.cn. .in. ci.LucLuu; ~ 4 /~ 0 / ~ .i.nlu.t..d.o/l.4 wi.i.A. 
.oma11. .6all~. Tltll. ~n. o/ MA~ a1Aa rwi. c.oM.U:,f,e,L 1,o/l. ckt:.v,.­

~ & 1.o-4<) o/ aloe.We ac-i.d. and .i..lo co~~ ~ iAL 
~n. {VW~. /Yli.11,c,.II./Ww (1967) ~ & l.o.6.6 o/ ,.:0,4 dwwu, 
~ ~n. (VU)~ &J fu ~ diJ.ui-i.on. m.dJuxi.1 analofjOUO i.o 
~ .i.Aci.o(lL d...i.lJ.di.on m.ei.lwd; k c.tl.a.i.n.ul. an. avlll.af;e o/ 68% /U.COVVUf o/-

ABA .iJt fu .&i.hvt. .6()1u.eni. ~ni.ru; and. 98% /U!..COUVUJ .iJt 4i.l.ica <;d. TLC.. 

Hnwwvi, ik.. du:vup. .in ih.. .i.nlu.ldo/l. fJ b.z.~u /c.ll.o&uo a ~ 

~ Lo A23A. A /t~.lai.i.u.e. .indi.cati..on. o/ fu ~ .in. iM.. ~ .i.A 

CU4CH<>~d. TM~ /..e/i.iun fu coni.hol. ~ and. iM.. maxim.um~ 

~ ~ 1] f.o flt /,o1.c/.. /.o/l. fh.. tvz,d ~ l''JCh. ( ~ 1ak ~­
czU ue Lo uvdi; l..ooi d.arp) an.cl.. ~nd. ~ cyt:Le { d.wt.i.ni; .l.cci Lo tlDom 
.dage). T Ju. ~ .iJt .i.iJi.i..Ulo1z. fud-4 ~ ~ 11lQA./ud.1 cn.!J; 6 /,ol.d.. 
felt ih iJuAt.t ~ ci;ch. (~ d.otu;A ~). 
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T ~ vaA.i.ali.o!U) .i..n. ~nAL mm.; 41!-/.leci. u.i.hvz. & .duiAp ~ .i..n. .i.nA.i.lJ.i.e/l. 

h.vdA W.C,CJVLW- 4 -M.V~ w.i..lti.ru; O/l. cli/-~ pooh> o/ .LJ.o~ 
and d..u;~n at cLiJl-vumf- crowih ~- Ji .u, po46.i.th tAa1. .i.nA.i.lJ.i.e/l. 
h_LJd6 o.c.cJ.Vl/l..W. in. 1.aA.c,;ed ~ in. IJOUllf/Vl- /,a,1u, iA.an. in. D.icLVl. 

h.avu. ~ pwm IJ.oom f.o cl.oucji. d.afiU'. TILL h.vdA o/ AEA had k.vi. 
.o/wun. f.o ~ GA fu h.av.u, ~ f.o acp ( J<h.an. 19 75) • 

ThL amounl. o/ ac..cumul.ai..w Al3A ~ on thL dwz.ai...ion o/ & ~ fVUOCU. 

T lvz..u. f.o 41.x. d.m.~ ~ f2VUOCU cli.d not ~ ~ .. & .i.nA.i.lJ.i.e/l. b.i.~LA. 

Ji luu, ~ /U!fl)~ iJwi ( LWP) ha6 f.o clAop i.o a ~ hvd 

~/l.L am; .utC/l...l!.a6L .i..n. IIBA ~ Oc.c.u./l.. l.at.ada1. ( 19 7 4) ~ ih.u. 
/l~.lafjonHUf2 .i..n. bx; ~ci.u o/ An.bw.o.i.a.1 ~ a ~ld. ~ 

polntl.i.al. o/. -10 kvz. th.a1. ~ Al3A .ex~. toll onL .6feci.u1 .th.iA 

~ a ciA.op in.~ po&i.Li.al. o/ -2 &vu>~ .i..n. thL of./2.vz. -6 

f.o -8 ~I GA .comruvi.cd f.o i.h.e. ~ poluii.i.aL o/ .conl.n..ol ~-~ 

& Coh.Ln ( 19 75) .c.on/-bzm.ed. th.aJ. ~ .u, a ~ld uahu. o/ { LWP) klc,w 

wlu.di. AZ3A h.vdA .utC/l...l!.a6L ~I in. rnai..zL. toA. iAiA ~ 1 itLL 
~ iA.e.aimud. i.nl.tvwaLo a/Ut. f.o.o l.ofUJ f.o ~ f"l-l!C~ thL c.A.i.licaL 

(LWP) at wu.c/2. !iBA .l.ewda ~ ~I• Ji iA ~ f.o n.o~ 

i.lud. iAiA tlvz.edwld val.u.,_ /a,l,u .t.dwun. ( LWP) -5 i.o -8 LoA.. 

TILL f/10µ...Lu, .Q/ /2..i.d.o~ ( .oe.L ~E) ~ pwm wu.ai. .col.­

eopli.LL /t.t¼fOIIALA .o/ /1.Qoi. ~ dwwul. lilib. dian..~ .i..n. /l..£6(10TL4L• 

TILL ~ .i..n. LVL.rM o/ ABA ~ ~ pwm i.A.L d.anrkvu1. CJ.VWL 

maJJ nol k ITlLCJJUJU//.ul .i..n. /1.QoiA ~ Lecau-41! fu .cohwpli.LL l...u,t .u, 
~µcunt f.o cui..eci. ~ qu.anl.-i.iaUvi!. ~ .i.n, flhvd lw/Ull()nu. 
T /ivu,._ .iA aJAc ¼ pw/J...vn o f pwuji;J.ru:j f.lLL /UJOf. ~ ~ .conl.a,in_ 

~. 
At..6Ci.~c ac..i..d. ha6 ~ /U!{JO~ lo o.c.c.uA. i.n. ~ o/ MOU o/ 

u.a ~ (lwnd.u. & Aud.Lu, 1974a), .6Uf1..fl.oWl!A. and. aooc.ad.o (l'li..ll,.o/Vl.Ow & 

kl...i.n.60n 197 J) and f-WA and ~ (Wah.on. d.. al. 19 7 6). f'l.i..lt.o/VWw & 

k~n ( 197 J) /1.LfO/l.Led. f.Aai. Al3A hud.l, .i..n. aiA.-cbt..ud auo.c.ad.o MOU 

~ J /.old.~ 5 h. w/2.i.h. .i..n. .ounJl.owvz. /UU),U i.hL ~ ltt1A 

IJnh; 50%. r~ a.ui.h.oM> .conchbl i.lud. IUUJiA /all t.o 41..6ftOnd. i.o wlli.ifl.CJ 
4 ~ iJi.eiA. ABA .c..oni.vzf. .i..n. ihL ~ mann.vi a:o haue4. Jn .coniAa.d. 

i.lJ & a/,cl.)I!, A.e~di.61 Waloon .ei..al. ( 1976) dwllJl.d that. i.h.vu. .Lo an 

~ o/ 10 /,old w.i.lAi..n. 1 h. and. 16 /.old /.J;. i.h..e. u,c/. 1J/ 2nd. h. in. 

ABA huelA o/. ~ ~ vq,o~ i:.o a -4 &JA~ .I.rt & JWoi m.edi.um. 

T~ o~ a .k,wv,, val.u£ /.()11. tliA. ~ /l.tJoU1 maluru; i.tLL ~ 
~ ./.n tA.. wilted Mai..o latu-JUL• Th.lo ~ f/1.Q'; k hc,o114e c/. 



.. .,. 

62,. 

a cliJ.lvuuu:.e. .in ABA .conlud. .in i.h.e /UJOU o/ .60.i.l. CjAOL<n (fli..llo/l/l.Ow and 

Ao.t..1.ru,on 19 7 J) and L«1LeA. .cull.w,..ed. f i.l.an,u ( Wal.6on -'?-i.. al. 19 7 6). Jn 

iJuuA. ~./I..UllLnL6, & ~ ,~ well-2. .C0lll~-Wd1; .dwd. and 1/2..e,uz. 

~n m.eiJwcU WlVl..e ~Veo Bol.,'i. ~ acl.d. and di-lu;wwp/w.~i.c 

acl.d. weA.e a/AO l,owuL lo -UI.C/l.2.,0,,.~ wd.A l[fJA .in wi..lt..uuj iA.e.aim.enLo (Wal.oon 

.el:.. al.. 19 7 6). Both ih..e..M.. l.i,x, /z..e.1.ated 41.Lf,d.an.c.u. o/ AZ3A wu fu md.at.oLii.u, 

o/. AZ3A CUVW'Uj ~ iA.e.aim.enLo (Lov2.1; & /<.,11 .. i .. edvuann. 1973, ~n. & 

Walton 1975). 

The. Miall. ma.r;nihuk o/ the ~ .in MA .i .. nduce.cl 4 t.ii..li.J·ng o/ /l.Ooi..o 

.in .co~n wd.A 1./2.e.. ,ruvz.h.ed ~ wi..i..c.h.. O.c..c.J.J/Vl.W, .in .leavLC) wfivt iJw; 
wU..f., dwW6 iAat. & ¼~ .u, c..oniA.olhd cli./-~; .in 1./2.e.. h,x) 

O/Z£Fff'A• /1ZL!,/w/lA.Ow & Act.in.con ( 1973) rvz.u,ll!LecL e..v.i.drn 1./2.ai. .i.n 1,ii..liecl 
1..e.av.eA 1./2.e. ~ .i.n. Mll i..e_v.elo .w cl.uR.. lo de.. n.o uo ~ and IUJA 

~cpd.eel ilu.d a bvLl. o/ MA .:.and.of ili ou.n ¼.61~ 4 a~ 

m.e..chan.u..m ~ f.lum fU!.ba-oe /Mm a .con...jurpl.L ~ OA ~4e.. ~. 

T li..iA a,~ wd.A & ~ /uuli..,u;c o/ li)al.oon. .d.. a..l. ( 197 6) idw /U(XJ~ 

~; n.o c./2.wup. .in A73A <jluco~ .e.d..vz. .t.ejo/U!. wui ajhvz. 27 h. ~ 

fU!A-i..od. 11.cvvi...i..con & Wal.6on ( 19 7 5) .cxu;tp.-oi.. i../2.ai .in wi.liaL .t..uzn ba 11LC) ABA 

lu,e.lA fl1.Glf .t..e /l.2£,;u-LaJ..ed .in fu l,oll..ow.i.ru;J man.nvz.: ( a) wLlLiJu;; ~,jVIA an. 

~ ll.ai.e. o/ AZ3A <>~, wlu..cA ..u l,oll.oWHL li.; an. ~ ~ 

o/ m.tdd,.o.li..cm, ( t) ABA .con££niAat..wn.o ~ wui k..c.omL ~v.dy. 
c..ond.anl. w'-um ihL ~ ~ o/ .6l~ and. m..e..f.ak.licm le.c.om.e. 

Gfl(Vl-0~; .equal., and ( c.) !il3A ~ d~ CIA fwu;on. iA /1.V,;a-uud, 
d.u..e lo ~ ~ o/ ADA .61~ ~ i..o m.e..i:.ak.licm. 
ThL ~ ABA pooh, .in~ mat; k d.t;nam-i-c.. J/ i./2.u, .u, 1k. CCUL1 

~ o/ AZ3A flu.x., ali}wu..;h n10/U!. di../-/.i..culi i..o cl..dvun.i..n.L, mw; k 
o/ fTUU'A ~ .ti.i.tjn .. i./.i..can.c.e. i.Jian iJui. aci,ial 4u.eLo at. Ol'UJ Li.Auz., 

T hL a~i.li.i'I /on. a Li.LJ.-0u.e i..o .c,~ a 1cvup. quani.i...L; o/ AZ3A on 

i...iLl.i.~ .u, (1,6..oOc.i..aied wLih i/2..e. i..i-461U '.o /1.UjldaiUJn o/ ~ hJ.MI &; 

.d.omal.a, kw;;h-1-i;, a dou.Lli..ru;; o/ iAe. uid.ocpn,ou.o amounl. o/ ABA IA.X.lA 4LL/J~ 
lo ~ a d..omal.al c..l..o.c>WZ..e.. .i..n Xa.niJuum. ~ L, (Aao.dJu. 19 74). 

twii.h..eA. ~ &; Aao.dJu. (1975) /2.a~ dwun i./2.ai & amount o/. f:J 
ABA ~ i.o ..i.Jul:..i..ai a d..omai.a.1 /l..#...6f0ll4e. ~ wi.i./2. & ( :J-ABA 
.c.o~n .in & ~n ~. Wl.iJi. a .c.o~n o/ 0. 1 

ufl ( '!_)-AlJA , an. amouni. c/ ( :.)-ABA aA .t,mall a.6 2 04 J,i ()I th.e OlCi.oc;vwUA 

( + )-lfi3A Wr;rpA-ed. d.omaf.al c..l..o~. C.O~n. o/ AZ3A .u, a 
fhzt/.oi.ld.e.. .exrJ.an.ai...in o/ i:)uu,,_ c.t..dvuxd.Lon.t.i. ~ (197)} ducli,d 

1h .c.o~n .t.ei.Ltuuri. .d.omaial. ~WL aJui. ABA mdaJ.o.lu,m and hL 
.c.on.cJwL~d i.lud. ABA iA /WTlDued. ./..ni.o .d.o4a.ff1-~ .i.n. & .ha/-~ .U 

~i. aci. en the. .d.omal.a • 
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T h.e. {J/UJTLe .fen.cli-on o/- ihL e.xiAa ABA f-o.lllTu!.d on wi.li.i.ru; .u, i.o .c.1.o~ & 
d.omai.a ~. T/2.u, .i.n.ev..Lt.at..'1.; 4RCUtce-6 ~n and. c.wzLt> wai.vz. 
1.o.M> (T a1Aa & ~ 19 75). Cl.o.6t.VU!. o/ d.omaia a!Ao ~ & 
di//J.UJ..on ~ i.o C.O 2 ~ & Lea/- and iJw-6 fte./4,ce.6 & /UJk 

o/ ,Jwi.o~. H.en.c.e., duuu-Ji!A .i.n. endog.en.oUA 1,vdA o/- Al3A.-.li.lu. 

~ can. con.d.if,de a ~ /-o/l. ~ ()GA ~. T~ 

T1UUf Oc.c.Ltf'/ a luu; po4il..ion .i.n. fu /l.LCpl.a±i.on o/ rJwlo-6~ pvz./o/UTUIJl.CL 
(~ d..al. 1972). --

01'1.L f04-i.li ve c.o~n uaa ~ li; ~ ( 197 6) .that .Le, 

~ iJOUJUJed Lea/- had. th.e h.i.c)iu,i. AZ3A c.onleni and 1k ~ ~ 
i.o ~n.. (/2.e. /l.()le. .i.n. w0..ch. AZ3A ~ w.i.ck d.omaial. c~ 

.in 1./2.e. 'JOI.UU/ h.aJ and. ~ ~ i.o k.eLf lwujo1t ¼A µJ/l. h.a/- ~n. 

.can ~4L k rnai.n1ai.nHL. T lie. lJl)wu;e,oi h.aJ. MA not onli; fu lu,,;h. 
AZl4 c.onleni tui poM>i./..Lt; /2oldc, aLcc a .&u;vz. (lll.OfO/lLuJn c/ ili AZ3A .in 1./2.e. 

co~ w.il/2 & ~ c.eLl4 i.A.an. d.o cldvz. ba1ie-ll. T/2.u, ITUl.'J ~ 

i.h.ai. 11-iL '/Owu;e,d l,a/ n.LHU, ~ (t,)-AZ3A than. 1k. ol.dvi oruA i.o .in..iUab. 

a d.omaf.al .ILe..of XJn,.c,R,, • 



64 .. 

T ~ ~ c.ol.i,;Ledon ./J..oaM,QJ; .w ~ j,o/l. ~ .&;niJud.i.c. 1:.1.jlo~ 

and ~; pwi.if.ud ~ and .i-6 a ~ ~ /c/l. ~lun.i.n. aci.J._u.i.f_'J• 

0owf.h ~lud /,.'I c.;;i,o~ .ui .exc..i.4ed ~ c.oi~l'L6 .u, dJ.u. ~I 

lo cdl e.n.1.aA.cpnumi (Leiluun 1968). TliL ,~ /U>~ded iAL ~ 
o/ CL)Lolwu.n.-1...ik ac.liu.i.1.'I .ui lo.th. the. i.e.avRA and /l.OOU o/ -"0/lfJwm. 
73o.th. quanl . .i.lai:..w.e ancL ~.e ~ a/l..e. /1.LCO~ .ui f40/.i..u.6 of. 

dvwmato~ al. i/2.e. .t./2.;uu <yWwf.h dacJtU>. 
A de..c,;/.llL6e, .ui c.1~/wu.n ac1.i.v.di; .i.-6 o~ve.d. .in th.e. ~ coL;J..edon 

.fU?AfOn.M. wu.n planiA a/1.R. ~ lo /.>eue/U!. ~ ~. 

T lwur)i. th.e. d.ad.i.cal ana/.Jj4U> oi th.e. /1..RApDTU>RA pwm ihL M.C.ond. and iJwul. 

~ c.;;c-le .6.J/1~ w~ n.on-4i...Jn.i./..i.c.anl., f..h..e.. fAend. o/. ~ CLj1,o­
lun.i.n.-l.i.h.e. ~; .i.4 noi.e.d .ui loili. & /l.O.ou and Le.autUJ. Wai.VL ~ 

i&.a diown. lo ej/.e.c.i. a ~ .in .th..e quan1-i.l.'J o? .c1jlo~ ~ 
iAL diooi (Jlai. & Vaadi.a 1965). T~ /Uduced ~; o/. c.1jloh.i..n.i..n.4 lo 

ik.. l.eau.e.6 .i.-6 .ooLJ<j.ed.ed. a<> OnL ca1.L6e. o/. i.Ae. duuup .ui diooi mel.alol..i..cm 

/oil. .e.;au1~1 a d.ec.li..n.e .ui fu fVWl.u.n. ,<;(~ ;x:;i2ni..i.al. o/. fu bovu,. 

Jf.ai. & Vaucli.a ( 19 7 7) vwni.i.n.2.d. Vu. .e.// R.cl. o / uxd.e.11. ~ Gflf2lud. lo 
iola.c.c.n iJI/WlUjt .enh.anc..e.d. .evapo/U~ d.emando. Pl.ani,.,o ~ ~4efi j,o/l. 

JO ~ f.o an a»t 4Ul.enln wlu.ch cn.11-oed 4-luJii. wdi..iru,; o/ th.e. h.av~ 

and .th.w, WVte allowed lo lt2COLJVl- Luu"JO/l.• T~ dwd ~ o/. ~ 
lo .th..e dwoi ~ in a //.educiJon o/ c;jlo/wu.n acii.ui.L; f.o h.aL/ o/ 

th.e c.onhwl. c.;;lo/wu.n. aci.w-iJ.t;. Jn i)i,U, ~nml.1 .th..e .c1;iolwu.n. ~ 
.ui i/2.e. LeavRA weA-e. ~-luced on.ii; d,,ujil.Li; ( ~ 4 lo 6) idutn 1/2.e. ~ 

~ ~ -M.uvudt;. 

Jn 1/2.e. ca-6R. o/ 11educ~·o,i o/ /l.Ooi e1;lok.ul,.LJ'L,6 i.o ~ ~, 
ii/,,L4 m<Jlt ~ ~ i.o u.1./2.vi. a. c~ .i.n Li.c~ .ui 11.0ot ~ 

Oil. a duJ..i o/ c.i;io~ .<')~ lo d.,wd.orwu; ~. T li..u ~ 
do.u rwi luwL th.e A ~4llli..6 lo ~pod i./2.i..o .oWFP.di.on , l..ui. .d. .i-6 ~ 
io rw~ & duviLJ-UUJ c.o~n oi c.i.;J:.o~ pwm .Lau vu~ 
d:.a.rp. lo doU£)i. dac;e-. &.th. .the.. ~ o/ ~ pwm loot lo .IJ.oom 

and. dourjt .dcu;u> luw.e . .co~; 1.owvi .ui .ci;f.o!wu.n aci.i.J.ii..LJ than. pwm 

.lab. uupiali~ .da1fL ~. 5.i.li.Dn. e,/.. '::!:.· /ound. iii.at at the. Li.mL 
idi.vr. .th..e qio~ ~I //l.Om the. ll.Oof. ~ , and.~ the. h.cw£d 

.kc.omL d,./i.c.i..ud. .i.n. CJ;iok.i.n.i.n..o, a new c.udv,. o/ .c.J.;i,oh.i.n.i..n. -61.~ i-6 

/.ol'UTll.l:i. .i.n. fu fllU>WUUJ //UJ..i..i.o o/ ,eun.f 1.owvu,. Jn. fllQJUJ .6f'-Ci.e,.o, 'JOWUJ 
//1.U.i.1.o aA.e. hn.own. f.o coniai.n. Jw/i. c.on..u.niA.aU.on,o o/ ql.oh.i.n.i.n.6 (lwuu. 
1971). TAe. du_µ o/. CJ;f..olwun. ptwcl.u.cLion. //l.OITI. the. /l.OOU i.o d«,iJ..o(WUI 
~ mo.JJ /2.cw~ L..xJ po~ .co~ ,· a ~ o/ e.1;ii:,~ 
4 & .ba,~ and. ~ o/ ~ pwm i.h.tt. l,ave.-6 1 ~ 

lu:w1. lnd -"DIM. .oil. mod. o/ i.h.£iA 'n.e.i.ud.i.on poi2ni..i.al. 1 i:.o fu ~. 
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T Id) ruw/u Of ci;lolwun acii.vi.1'; a/Le. .ev.i.iunl. .in. iAe. (VlO~ o/ lu..do~ 

.in. .t.oih fk_ /Woi and Lea/- ~. 'P.e.ah. 1 ~ ih.e. zone A/- 0.2-0.J 

and pe.m~ 2 ~ fu zone AJ 0.5-0.8. T~ iJ.XJ pealu, o/ CL;f.olu.n.i.n. 

ac.li..LJ-i.1.'I .in. h!.a.v.e,c, ~ tA.e. j.Aaci..ionA ~ 4 1-f.e.wtdi & wa/UUfl.rJ 
( 197Ja, 1973i ) .iJz. pcfdwz. h.al.U¼ .in. wlu.ch iJieJ.; ~ GA j.Aaci..ion N (A/- 0-

0. 2) and //l.aCLi..on Z (Rf• 5-0. 8). T h..et; i.uil.aLi..v.eb; ~ j.Aacl..ion. N 

aa a ci.;lolwu.n. ~4W..L and //l.aCLi..on Z GA ze.aLi.n. and :uai...i.n. ~4i.de.. 

T/2.e .i..JL~r.. o/ ~ L,;o //Ulcl.u,n.o ~ c..o~ .t.L; ~ ducl.i.l!-o 

(Van SLul.uz. & DavR-'j 1976). 

l1adiA & loo,n,u, ( 1971) /,owul ~ anlOu.nlc, o/ ~ e1Ji.olun.i.n. 
pzacLi.o,74 .in. d.Lv.el.orwu;; ~ /1.0oU. T i.x:J o/ ~ wvu. .dvwmai.o~; 
~ lo zeaLi.n. /l.i..toi.ide. and. lo z.e.ali.n. Oil. ili ;z..i..t.o4-i.ci.L and. fu iJi.iAd. 

ptad.i..on ~ noi .i.d.vd.i./-Ud.. Jn iJU-6 ~, li.,xi main. ~ o/­
c.J.Ji.olu..n.i.n. ac.li.v.i;t'I GAL oMRALJ.ed. .iJz. 1k. ~ pzom 100 ~ 

.1Woi ~. No ~ f/1.0.u.d.wi.e u.t"JA ~ oul. lo .i..cunLi..p; 1k. e1jloh.i.rz...ui. 

c..ompl.v<. .iJz. p.ealM 1 and 2. Tddm.an. ( 1975) wo/l.k..i..ru; on i.n.lac.i. ivunl.nal. 

m.i..lli.m.ei.. /1.0ot ~ o / z.ea fTUlJ/6 .dwwe.d. ih.at a1. Lead /owt ~1wun. 

ptad.i..on.o aA..e /~, i.lwi .i.-6 a ~Li.de., z..e.a1.i.n.. ~1...i.d.e., zeaLin and. 

zud..i.n. ;z.i./,.o4i.de and an ~ e1;lolwu..n.. Jn /2.u. .l!.X{~, ihL 

.vdAaci..i.on and l~n /011. //U!.£. e1;io~ WVl.L ~ud.t; wo~ 

oul. and. Jwzl.h.vt ~n of iA.e ik.e..e ~ o/ e1jlolun.i.n. aci.iv.i.l..i.eA 

wvz.e. af.i.LinpL2d • 
T /2.e c.1.Ji.o!wun. acl.w.i.f.'I .i..n. flilh. 2 iA fLd.alw.e.li; ~ iAan peak 

1 lll. iliL 11.00i and ba/- .acu~ 1/U)lfl 1./2.e. .1.ab. I)~ d.arJ~. Ji .i.-6 

~ lo .or~ iJiai. z.u.d.i..n and. ~ ~4-i.d.L c.onl.vi.u ~ 

ILi..cJi ~ iA.e u.er-pl.at..i.v.e. darp .in /l.OoU. T ~ 40oi. -61~ 

L;JJi.o~, mai..n.l.t; uaii.n and. u.af..iA /l..Lt.o4-i.d.L, a/ll., now ~I ~ 
~ 1k. ~po~ /,o/UIU> lo 1k. .dwou o/ ki./2 ~U.6 (Vmt Si.adut 

& 7Ja.v«L; 1976) and i.x:Jow; ~c..J'.u (IILwdi. & w~ 19131..J. /lawei;vt, & 
/.ah. o/-~ e1jl.o/u.n.i.n.t., .iJz. iM- pl.ani. .oh.ooi and. mo/U .6fec...i./ic.alh; ihL 

cu~.ttJrwuJ and ma1.wui. ~ .i.-6 d..i.U .&u;di; w-ww1..r1.. . 
T h.vz.L .u a diJ/1 o/- e1;iolun.i.n. ac.ii.uiL) .i.n. (Wlk, 2 . io p.uih. 1 ~ 1k. 
~ ~ (l/Wkru-;ed and .le.a/- c;rowth. u.a-oul. Jn C.adl!. o/. nHluci...i.on 

c/ CJJi.olun.i.n. acl.i. ti.i..h; .in. 11.0.oU, .t.h..u, nuu; k cl.Lu. io .e..iiJuvl. a cl.e.cli.n.e. .in. 

l....i.o~ ao 11.0oi <;40wth. c.ea-oe-o 011. a dii./1 o/ qi.c~ lo oi:h.vt 

~ /,olL ~ d.e.vsd.o[UNJ pw.i-Lo. 
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~ & WG/l.UJU}(1973)1 Van. Si.nd.vi. {976) ,'uw.e di.oun ih.ai. loial. c.i;f.ok.i.run. 
ac.ii.1.i.ili; and dwVl.4i.i.'f 0/l.L al. a rnaxi.mum. iA ~ havL-6 w1u..di. h.a~ 

lltL maj.o/l. c.ijl.olun.i.rw zeali.n and zud.i.n. /l.ito4i.d.t,_. & b..cw~ af)l!-1 i.h..e. anwuni. 
and n.wn/,.Vl, o/ .cJ.;i.otu.n.i..rw ci.R.C./Ll!.a/2L1 wdh i;J.l.ow ~ b..cw.u, h.av.i.ruj 

o,u_ ~ a;i.o~ p,wtat../J; a c;l-uc.o.o.i.de-6. T Ill!. ~ o/- ti.oa4«:JJµ> 

o.t.l.ai.Jud {Aom ~ o/. tlte. -M.C.Ond and ~ ~ ~ lo .i.ndicak 

iJwi. fu tTUJ..j.o/l. CJ,;io~ ~ a/1L nuc.lu)~ and~~. Ji .i..-6 

~~ ih.ai. ih.e4e. r;;fu-co~ Q/1£ /o~ ~ 1k. XJ,hun ~~ 
c.ijl.olun.i.n.6 a/U!. ~Lize.d ( .i.nac.lwalecl.) .i.n ill.I!. haue-0. TM. ~ 

o/ puu:l.i..on N adi.v.i.L; .i.n ~ Leav.u, .6Ufj~ ih.ai. fAi..o q1ok.i.n..i.n 
c.ou1cl. k a d.o/Ulf;JL /o/Un o/ CJ.jl.olu.run. ( 11.e.wdi & w~ 197 J). 

~ ( 197 2) .c,w;~ ih.ai. //UlC.Uon N ma1.; /2av1. a rnocl.u1aLi.ru; /Wl.,_ 

.i.n /WOiecl. kwn, ~ /,_i/ ~ mD/1£ 0/l. l.£64 d1tcxb, ~ o/ jAacli.on. 

z. Such a /l.Ll,;d-af.o/Uf ~ uXJu1ci. rwi ~ GfJ(UUVL Lo op.vtaf.L 

c1.i.uu.ru; LeaJ ~. 
T Ill!. .id£a ih.ai. c.1.;i.ok.i.run. r,;luco~ Q/l.L &Jund ( .i.nacl.i.~) /o.lUl'l4 o/ ill.I!. 

acLi 1.11t clvuval..ivL-6 ~ a,c, zeali.ri .rul,.o4i..d.L and zealin. ITlalf k ~ 
to fu rn.ei.at.o.li-cm o/ CJ;i.olun.i.rw .i.n ~ Leave.A. lu,,·,1dt & w~ ( 1973) 

/uw.,_ dwun 1/2a1 1k. <;lnc-o4i.d..e.6 ~I ~ a.o 1k. b..cw.u, ~ 
and Q.{J'!- I 4LUj~ ih.ai. lli h.av#!4 ~ a1,.l.,_ lo mdatoli.zL ill.I!. qi.a~ 
~~ /ADm fu /Woico TM. vw.c.l. -J.wu:i..i-on o/ fu CifoJk..in.i.n. ~~ 
.i.n ~ pl.mii..o .i.-6 oi-OC.Wl.Lo Van. Sf.ad.en { 19 7 6) /1.e.Ckoni!cl. ih.aJ. .i.l .i..-6 l.iJul.i; 

iAai. ill.I!. aii.adunvd o/ a c,Luc.o-62. mo.ul.lJ to z.eai.ui and uafJn 4i.l.c,~ 

.i.nacli.J.Jai-U> i~ C.OfTlfJ()/.ilUU, ( &Jund /-o/UTl) w1u..di. ~ ill.I!. [dan1. lo ~~ 

tlvww;Aik.piJ,oui. 
Ji. .i.A lm.oi.n th.ai mocl.e.'lah!. to ~vu i.xdvz. ~ ~ fu o~ 

o/ ~ and rvw1Loh)4L,6. TI~ fVW~ ~ luw, .. n 1o k ~ 
&; CJ;i.oh.i.n..i.rw ( ~ ;u1.,_i_,,,, -cec.Uon). Ji. ~ plau<>i.ll.L that. /LOCiA undvt. 

~ ~ /leducw Le.ud.o o/ c.i;i-olu.rl.UIA lo .iA.e. -OMoi..(h TM dwoi.6 .in. 

i.wlJt ltt.h.au-i!. a<> i:Jww;A i:./2.e..vi. CJ;i.olun.i.n. ~ ,i.,(; .lJ.m.i.hd and ~ I.Mafl.CIU1. 

rvw.lu.n durodot.ion and ()~ ~lie ~ 1.tuidvu; f.o ~. 

T hi.-4 .U a ~ 1.J.UJ,,J1 /.o/l. ~ .i.-6 a .co~ .i.nl.vu.u:i:.in. le.h,ieen. 

o~ o/ a pl.ani.1 a rJalli. c/ f.~ ~n ~ m«liaied 4 .c.i;f.o~ 
o/ 1tOOi. o~ and. al,-cci.4i.c ac..icl. 
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T AL ~~ o/ ~ ~ and WLi.c)i.t .to ~ cych-1> .i.nclicak-6 i.fut 

~ o/ '' ~ .d..cu;.l!.4'' /.o4 ~ kaimudA. li.eA.e, a CA.i.l.i.cal. 

pvuod. .u ~ a,I) a 1ivuod. o/ lim.e. .i.n. iM.. .Li..µ CJ.;c-f.e. c/ rJ.anl. w'2Ul. 
.6Ul,.-c(llimum ~A cau.c,M a ~ ll..e.du.c.,tion .i.n. one. wi. ITU)/Ul o/ fu ~ 

~ componuii.o i./2an. ~ oi..fuvz. 1ivu.o,-JA .i.n. i.Ae d,v.~1.opunl. o/- fl.ani-. 
Jn .t.hi-6 q~, ih.e. 1.i,,;o II CA-i.1.i..ca1. .c;~" oc.cwi. ( a) d-U/l-Ulf/ 1.ah. 

vHpialwL i.o e.a/lh; &:>oi d.ar.;L and ( l) cl.wwuj m.in-&:>oi. i.o Lla.om d.arp-
( ~ .inflo~ chve.Lop,rienl. and /1-awvwu; pvti..od.). s~ ~ 
~ .t.hi-6 d.arJL //.,dnc2cl ~ n.utn.i.Vl.. T AL ~ .i.n. .t.hi-6 ~ 

~ i.o an exl.uzi. wdJi. oiJIVU>' .f-i.ru:li.ru)6 (Le.wi.A d.. al..1974). T/2.ei; 

d.udud i/2.e ~ ~n.M. .o/ ~ .«>/U/wm (So/U//2.um .t..i.c.ol.o/1. L. f1oci,c/i. 

c.v. '0/1.()) i.o a -C>.UU;/£ fU?A--Wd. o/ hn.owrz. 40.i.J ~ cu/..i.c.i.l. cl.wwuj i.Nu.e. 
4i.nu.l.an. d.wp,<> o/- r;n,owiJi.. T/2.e»i. ~h .i.ndi.caled i./2aJ.. ~ .<JO/U/W11l if-Ulcu 
we./Z£. //.educed &; 17% wlum. i/2.e 40.i.J i.x.d..VL poi.en,lial. dAo~ i.o - 1 J .t.cvL 

~ i.fut l.ai..e. vu;ef.ali-v.e i.o k:>oi ~,';/.e.• S.i.m.i.1m1.- .low -<)().i.1. ~ {'°~ 

wlu.ch o.ccwvz.e.cL d.wti.ng i.Ae. loci iJI/WucJi. IJ..oom d.ac;e and. 1k. mJ.h. ilvwuc,;h. 

.a0µ cl.ourji d.ar;J.e ~ .i.n. y..i...e.ld,t, tsd.ng M?d11cul 4, 34% and. 10% ~­

.w.el.t;. Safi..eA & ~od.e. ( 1968) .concluded t./2ai. cr-aJ.n .d)49/2.um ~ndo wd1. 

i.o a I~~~ d.wuru,; iJ1.e. .tool i.o hR..ad. da~ Of crowi.h and. 

i./2at. ~ a/l..e //editc.,d 4 cbwUt.}J. d.wwu; .i.h..iA li.tu. 
Dwt..i.n.cJ vuplalw.e cuv.elo~n.eni, modv.~ i.o M.J.Jlll-L walv,. ~~ wi..Ll 

.li..m.d 1k 11~ r;r.owVt, w'uc.li. .i.n. Lt4n u:ou.1.d. (vtOl,.a./,.lJ.; /l.ll.d.uce ~ 

t,,u.J.d .tlvz.owJi. ~n ..UL 1..e.aj a/UW.. / /2..i.,6 //e.duci.i.on .i.n. poi.ui.li.al. b.aj. 
CJ/U'.a. ld:Ju.!.d. (vtOtd,.J,,; acc.owd /o/1. & ~ .i.n. ~ y.Ldd- WW1. tliL 

-<)()/1.f)wm p1..an.lo welU!. .otd-j.ecied. i.o /..i..A.o.t ~ e1.,;ck-. ~ cf LJav.i.A 

(7974) ~;,.J..cl. f.lu:d .4cii.li. i.lie ~ o/ ~ o/ .!.&a/ aAJta and µnaJ. 
h.a/ M.Ut ~ ~; idtvi. )1./UU.11. -404<jlwm uU4 ~ i.o 
~ d.uJA,UA o/ ~ ~,u.44. T~ poi.ui.li.al. b..aJ. ~ !TlalJ k ~ 
d.wwu; pl.an,luu; i.o pan..i..ch, ..i..n.i.Liali.on I wlu1.e. :l.M. ~ o/ i.fut maxi.mum 

.u..ed. ruun/,.vi. poh.ni:.i.al .iA dei.vun.i.n.ed. d.1.vz. .. f.nr, pan..i..ch, .i.n..i.1. iali.on i.o t..lcom 

d..arp.. S.ud n.wn.t.vL IUJA .t.e..e.n. Ul/:)l,YI. i.o .c.o~ pc4i.i..i.t.ielJ; w.dh. ~ 
tJ,i..dd. .ir,_ .O()~ ('lJ.l..um 1970 I~ & Ai.h.in.o 1968). 

11.uliqu..i.d. ( 197 3) f.eded iA£ L/J.u1. o/. ~ ~ cm. t;,LJd .c.ompon.c.n..U 

at. ~ ..in.i..U.ai...n. I at. fhlUd. di.lfaMnii.alion. and a,/_ ~ ~ µ..u, 
o/. /JAX) fu;Lud. r;e.noi.l)(U!-6 C-42lj and ltS-626. A .6U!vz.e. A.Pducli.on.1 a&Jui. 601, 

.i.n. .oe..e.d. ru.un/,.Vl, (J.eA. lwid. /tU,ulied pwm ~ i.Jnr,,o~ ~ pan..i..ch, .i..n.i..i­

.1.ai...i.on.. Wai..vt. ~ .i.tnpo.ud. d.wwu; llJA.b; cl.oLUJh. .da<p- /U!<1u lW .i.n. a .lo46 

c/. 25% .i.n. ~ rwmt..eA. .tlvi.ou.rJ,. /J.D//..ld at.o/LU..on. lluli,qu.id a1AO ~ 
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pho.io.oJ~ .i.n f.wu-J-i.d c.oniA.ol.A, mo~ ~~and~ 

~ .to zeAO n.eJ:. CD 2 e.xc.kuu;e. lie 1-ound 1hai. ~ ~ ph.oi.c­
,<)l~ a-0 w.e..ll. ac, ~ f.h..e. VC(JO/d: o/ 14c pwm la/,.L1J«J ba1iu. 

TAL ~ o/ R-XfCd cLi.f-/vz.ed .i.n iJi.e. i.w:; ~. TJu... lli-626 h.i;k,i.d 
~/l1.ecl. mD/U>.. ~ f.o 1.oWl!A nod.e.4 and. /LOOfA wu/. ~ f.o ~ 

iJuzn. cli.d. C-42<j .totli ciwwu; ~ and /U!.C.Ouvu;. 'Po~n. o/ a46.Un.i..la~ 

iAan.opod .i.n RS-626 ~ a460.ci.al.ed mo/Le. wd.h ~ al. & ~ o/­
~ and 41!..ed. rvzoduc/.ion.. 

Jl .iA ~ iAai. cli-//~n o/-~ .C.OtnfOn..ud.6 .iA a 

CA.i.Ucal pvuod and ~ ruurzl,vz. c.an. k /1.~duced ~ '-'; ~ ~. 

PJu:,f.o~ mm; i>R- Li.tn.iLuu; ciwwu; 4e£d. n.umJ,.vz. cli..~al.ion and 

ciwwu; ~d,-1>2.qi.u.n/ de.vR..1.o~. T~ .u alee a fXJ-M.i.t..i.li.L; 1hai. ~­

anLOudtJ .ex.panduu; /loAd and ~2. ~ mm; a;~, wu.l.eA 
~ cond..i./in,u,, l,o/1.. a.va.i.1.a1J..e ~ ciwwu; .tool .io t..loom .dac;e-
and. 1/wi. ~ ru.unA.vL c.an. k i.nJ1.uutc.ed ac, a /UU)/.d.f ( ladi.n. ~. al. 1974). 

~ .io 4eV~ ~ ~ ojkn. ~ Ufl ~ .i.n ~ 

/,o1Z. a ~ d.aiµ,, w:d, /2.e.nc.e ~ 4ize.. [XJi..en.f.i..al. .iA not ~J ali.ain.e.d. 
ciwwu; ()/7.aUI. µ.Lluuj fU?A-ind. S.uic.e. uLU,ud,.,_ ~ t;u-f.d ~ on. fu 

/1..0i.e o/ d!UJ mai.i.vz. ac.cunudai..i.on. and & 1.uu-p o/ 1/2.e. ~ µlluu; pvuod. 
T hR. Li.me. COITl(X)nud o/ ~ µLf..uu; .l6 ojkn. ~ .i.n cbwurJd. 

T l.<X) (AO~ G/U.,,dR., Wl.eJI. ~ io .compc.vte. i.he. ~ 4i,vl,; w.ii.h. 

lht:,.62. o/ :,t.hvi..o. 'F.uzd., iAvz.e .iA no un.ij.o/1..m mannvt .i.n wu..c.lt i.he. Cj/Wwt.A 

~ M£ ~. P/1.~c.ue. d.dvu,Li.n.al.i.on. o/ & 1.vuJiA o/ ~a.di. C)IWwt.A 

d.ac;e .iA ~.e.. S.u.ondLt;, fu mod. .i.mpod.anl .cOUA.C..e. o/ ua/l.i.aJ.il.i.h; 
.iA fu m.e.i.luxl. 4 wu..c/4 iJi.e. ~ dej..i..dLI, aM. ~ and. iA.e. Lach. o/.­
un.q.c/lmi.i.J; .i.n i./u,_ waieA cu.µc..i.lo QJTIC)IUJ & ()AOw!Ji. -<krp-4 .ol4~·.u1. 
~ ~ Sd.Lhian ( 1974-) ~ iAai. .ut a di.6C1146'

0on. c/. d.eudopmu,LaL 
~ Li.mi.Li.wt~ 4i..u, and. ,dUC/_ ru.un.tvi.,· fhL cli.tti4'.0fl. UJ IZ.ai.hv,_ ~-

5{,~ ~ o~ .i.n. vupl.a,lw.1.. .d.arp. ~ ~ in~~­

.i..al.uJn. o/ .tJu. i.n./1,D~ and ~n. wAi.di. in iwut .i.n./~ & 
u.ltimab.. ~ ~n. cLwwu; ~ µt.li.,u; darp.. 

T~ .I.A a r..ud.. 1,o/1.. {.ahi.i.on.al dudu.6 i:.o d.J.vun.i.n.e.. C/1.l)P 4U61:.~li.li.1'; 

arrJ. & ~n. Of~ dai.a in. JAe. .i.nco4POIZ.alion.1.ni.o. ~n. 

i..unJ..ru; cc~. T h.L6 l.<X)ul.d Lead i:.o ~ in wabA. "4£ I//~ 
i..n.~p~n. .. 
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CiJNWJSJONS 

Jt haA k.ui. demondAated .i.n. i}u.t, ~ ~ ilud. dwwu; wai.eA. 
~, duuu,teA O.c.cu/l. .i.n. tAe Le.ve..lo o/ lllfU)r;enoua lw/l/Tll)~ .in. i./2.e ,CJ()~ 

(lfani.. Lea/- .conl..eni. o/ fli3A ~ ~; and /l.Ooi. and h.aJ- CJ.;f.,o~ 
~ ~. So~ .fpmie.<> and. /l.OoiA ~ .tai:A quani.d.ali.v~ 

and cpw.Li.i.alwe. .ckuu-,;e-0 .in. iJi.R..iA .c1;f.i;/urwi c.onl..eni. 0 T /2.e. /l.OW o/ at-oci..<>-ic. 

aci.d and CL,;i.o~ and ili ~ ~ aA.e ..uwobuJ. .i.n. f.Ae adapt.­
al.ion. o/- ihL pLan.t i.o ~. LJU/UJUj ad.aptali.on. i.o ~ ~, t/2.e 

uid.oc;uu>ua l.ev.e.U o/ vz.owi:A /2.o/Ulio,u,<, duuu;e- and a lA.a,i.n. o{-~ c.cin. haprum 
/-oil. ~' chwu;e,a .i.n. ~ {J().i..e.n.li.au, /l.,v/uciion -in crowiA and. ~ 

.i.n. lXJ/U.Out> m.elat..oLi..c.. n.eacii.orw .i.n. rJ.ani.. 
A:.l.d-i.ii.orwl dud-i.£6 WU!. n.eeclecl i.o .i.denLi.J'J and ~ t/2.e pac.U.oru, 

.i.n. fu ~/wz.i.n. conl.e.n.t and ~ .t.lwn i.o iA.e. m.d.al,.ol,u,m o/ ~/un.i.n_ 

cJwwu; ~ ~o T/2.e. r-lu;,o-wl.o~ .di.f~ o/- i.h.L ~ /.o/Un.6 
.o/ ~lwW'lA .in. Le.a/ iU-61/R haA i;d i.o Le. .~. ThiA ~ ~ 

i.o an ~ .o/ ihL c.o~n o/ /l.Ooi ~k-LJU.n.6 i.o fu c..oniA.O.l 

o/- b.aJ de ve.lo pm.e.nl. 

T /2.e. o~ o/ ~ A23A .i.n. i..e.ave-o and. /l.OO~ i.-<> d..i..LL ~ 

~ .i.n. i./2.e caAR. o / /LOoU w'uvi..e il13A-.li.h.e .compount:iA a/Le. on.b.; ci£kci.w 

af. 400i ~. A~~ c.o~n ~ AZ3A 1.Rve.U and i./2.e ~.l­

o(j-ic.al. d.ai..e.. o/ fu .Lwj' ii44t1e dwul.d. k ~ ~. kldi.ii.onal 

-dhdi..~ a/U!.. ~ i.o a k.ileA. ~ o/ m.el.a&;Lu,m a/ ~ 
~ p.l..anh,. T lu!. dud'/ o/ i./2.e. nai..wLe. o I /2.o/UTU)nal. .LJUX).luenuud .i.n. rJ.a.ni. 
/UU>fO~ i.o ~ '!lalf ~ ~ .i.nJo411laLi.on /.oil. i:htt ~ 
o/ rd.ani. ~wi.. 

S.uu:.e. .<)()~ .i.-4 ~ i.o ~ wai..e4 .olw~ t.e.iie.1t i.Aan. ,nl)d 
.cA.Op,d,' ~ dt1£liM o/ .d..lJ ~J.oc;J..cal. ~ i.o CWJur/ii, ,.)wu.kf. 

hux1. i.o a A.ei.tRll. hnowledt;e o/- Aow we c.an. (V'..Oui.de. fll.O±Rc.i-i.on. /c4 moAL 

~ .c/l.Ofl4 .l-i.h.tz. IIULi..ze.. 
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APP{}(f)J X l 

~~~!!±LiJJn 

T/2.e. .ool.u1.i..on. WCl.6 ~ ai. a ~ CJ/ 2 ml. . o/ ~ ~d. .ooluii.on (lUL 

.. 1iiA.e. ( 1: 500) and. th.e.. pH wao ad,iuded i.o 6. 5 

Sf..od. .ooluii.on. A g/ .ldA.e Prm .in fuud: .oold.i.on. 

Cal.ci..tUR. n.i.1Aale 295.2 c.a 100.2 

{.a N03) 2• 411.j) N 70.0J 

5~ Na 'Fe ~ 10.4 f£ 2.50 

Si.och. .ool.ui...Lon. B 

Poia,.o.o.ium plw~ 34.02 I<. 19.55 

l<.H.j-04 p 15.5 

Si.och. .oo.luilon L 

Poiac.oium ~ .WO 3 126.39 I<. 97. 7 

N 35.02 

f la~ ~ 123.24 /Y/9 24.3 

1'1f?O 4 • 711.j) 5 32. 

BoJL.Lc. aci.d llj303 o. 71 l3 0.25 

~ diltJJL.ide o.45 f'1ll 0.251 

f'lnCI. ,?I 4/i. jJ CJ. 0.)21; 

Zi.n.c ~ 0.05 Zn. 0.02; 

Zn.504• 7H.fJ 5 0.012 

CoffUVI,~ 0.02 Cu 0.0102 

5 o.oo; 
f'lo,4kli.c. ac.iJ:1. 

/'lo 0.00;3 
No.fo04 .2llj) 0.005 

K 1.65 

'Poi~um dal.o/l.i.dit 1.575 Cl. 1.5 
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1. Plw~ -t:ilAale. £u./ /.eA. 

T lie. /.oll.owuu; £4/.eA. ~ UA.ed f-o/l, 1Ae w/2.eat .cL>hwpi..i.h. li.oa46DJJ 
( N~ & N.i..locf..1 1956) 

Nat.vu.al 

4.485 ',• 

2.547 <J• 

~~ iJuz. akv~ .in 250 m1. o/ di.di.lhd wai.vz., to.It. u.6e1 di..luill 

1 .in 10 and add 2 CJ• o/ .6ue/W.6.ta peA- 100 ml.. rJi. .61wuld. k ~ 
it, 5.J 
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APPtHWX n 

a) Si.and.aA.d. e/VWI?. o/ the. m.ean.. 

To.1t cal.c.u.1at..ion o/ th.e4e va.lue.a the. f,oll.ow.i.Ju; ,/o/l/lUda ~ U6«1.. 
~ ~2 '1:.cx, - ., 

n(n-1} 
- j:a(x-x.)2. 

S.E - n-, = 
J,, 

J) Umii..o o/. £On/.iden.c.e /-o1t /2.i.d.o~. 

C.On~ .li.m.iLo we/Le c.al.cul..ahd U4iJu; 1k .dwAi. .c.u1 md1wd. of­
allc1AKULC.e. (Unh. and Wallacst1 1952). Tlul. ~ Q/Z.e ~alc1d.ahd U4UUJ 
the. /oilowi.nr,; µ,NTUda. 

L:: L. ( Sampl-e- /UJfUjf!,6) x CA.iii caL f.acl.c/l. 
Noo/~/U!/l.~ 

T lul. I.Xdwz. .i..-6 p.loil.ed. cd.oue. and kl.ow ih.e c.oniA.01. .li.n.e and aro; ~ 
oul4-ide t/2.et,,e .li.m.i..i..o Q/U!, ~ ai. P:O. 0 1. Cut; cal uaiwu, aA.e. 

dwlAn .in. T ~ X .• 

~ 
To denwndAai.e i.hi.6 pMc.R.dwz..e.1 i.h.e. data /o4 ~ £04o~ 

/U?AflOnAe. i.o dvwmaio(jlUJ-flh .Aecliona o/ a a.ci.dic ~ l!.Xi:Aaci. pwm 

nzai.WLe .dO/U/wm h!.aLJRA i.ahUL dwz..uu; tuz.d ~ ~. T luz. numLvz. 
o/ c.cleo~ u.out i.o a,A.,!iaJJ ea.di .Ae-Cti.on w hvz.. TAL A.aWp- w 
~ 4 ~ i.h.e. .dw~ c.o.leo~ f.,,cm .tla.e. l.orupd. 
.in. .uu:A ~. T h4 m/l.aJ1. ~ f,o4 c.oniA.ol. c.chu:,~ ~ .in. J:/&1...6 
~w 1.8 an. 

Civwmai..o~ .AecLi.on. 

A/. 
C.Oni.ltol 1 2 3 I, 5 6 7 8 9 10 

Aanrp. 0.24 0.15 0.15 0.16 o. 14 0.04 0.02 0.06 0.12 0.08 

Sum"! A.anrjU • 1.24. CA.li-ical /a,cto4 /A,om i.at..u X /,oJt 11 ~' 

10 ~I~ .i..-6 o.51. 

L = 1.24 ~ o.51 = o.Ol 
10 

Anv- ooiuu ouUlde o/- 1.8 ! 0.07 aA.e. ~ al. 'P:: 0.01 



T'able VI CRITICAL FACTORS FOR ALLOWANCES FOR ONE -WAY (BALANCED) DIVISION INTO GROUPS f% RISK 

(LINK AND WALLACE, 1952 ) 
• ;::: 

Number of Groups Number of Ranges; Number of Treatmentsi s:= 

2 3 4 5 6 7 8 9 110 11 12 13 14 1,5 16 t7 :a 
+> 
•rf 

2 7.92 4.42 2.96 2.06 1 .69 1 .39 1 .20 1 .03 • 91 .82 .75 .68 .63 .59 .55 .51 :c 
m 

3 3.14 2. t4 1.57 1.25 1 .04 .89 .78 .69 .62 .57 .52 .48 .45 .42 .39 ;yr ~ 
~ 

4 2.47 L74 1 . 33 1 .oo • 91 . 78 .69 .62 .56 • 51 .47 .44 .41 .38 .36 .34 t! 
5 2.24 1 .60 1 . 24 1.02 .86 • 75 .66 .59 . 54 .49 .46 . 42 . 40 .37 .35 .33 Cl) 

A • .p CD 
6 2 .14 1 • 55 1 .21 0.99 .85 • 74 .65 .59 .53 .49 .45 . 42 .39 .37 .35 .3'.} ,-t 

ft..t .s 0 

+> 7 2 .1 C: 1 • 53 1 .21 0. 99 . 84 .74 .65 • 59 .53 .49 .45 .42 .40 .37 .35 .33 0 

~ +> 
~ 

~ 8 2.08 1 • 52 1.21 0 . 99 . 85 • 74 . 66 .59 .54 .50 . 46 . 43 . 40 .37 .35 .33 ID p. 
:;$ 

.µ (!) ::) 

('j 9 2.09 1. 53 1 • 22 1.00 . 85 • 75 . 66 .60 . 54 .50 .46 .43 .40 .38 .36 .34 .J:: t Q) +> 
~ 10 2 . 10 1.55 1 . 23 1 • 01 . 86 • 75 .67 .61 .55 • 51 .47 . 44 . 41 . 38 . 36 .34 ~ f.t 

............ .a 0 
l'H 

O'l 11 2. 11 1 • 56 1 . 24 1 .02 . 88 .77 .68 .61 . 56 • 51 . 48 ., 44 . 42 .39 .37 .35 "O 
(I) (!) ID 

~ 12 
•r"i Q) 

2.1 3 1 . 58 1 • 25 1.03 .89 .78 .69 .62 .57 .52 .48 .45 . 42 . 40 .37 .35 rl 0 
() p, i::: 

~ 13 
•r"i aS 

2.1 5 1.60 1 .27 1 .05 .90 • 79 .10 .63 . 58 .53 . 49 . 46 .43 .40 . 38 .36 +> :c 
p, ,-t 0 

~ 14 2 . 18 1 .. 62 1 .28 1 .06 • 91 .so .71 .64 .58 . 54 .50 .46 .43 .41 . 39 .TI i ::: 
111 

1 . 64 .65 .41 
Cl) 

1 5 2.20 1 .30 1 .oo .92 .81 .. 72 . 59 .54 . 50 . 47 .44 .39 . 37 .a i:i .... 
0 ~ 

16 2.22 1 • 65 1 • 31 1 .09 .93 .82 .73 .66 .60 .55 .51 .48 . 45 . 42 .40 .38 .p +> 
.0 

1 .67 1. 11 .61 .56 I! 0 
17 2.24 L33 . 95 .83 .74 .67 .52 .48 . 45 . 43 .40 .38 aS 0 

.p 

18 2.27 . 1.69 1 .34 1 • 1 2 .96 .84 .75 .68 .62 .57 .53 .49 . 46 .43 .41 .39 l1l 
Cl) ID 

19 2.30 1 • 71 1 .36 1 • 14 • <J7 .95 .76 .68 .62 .57 .53 .so .46 .44 .41 .39 l! g. 
+> 

~ 20 2.32 1. 73 1 .38 1 .1 5 .98 .86 .77 .69 .63 .58 .54 .so .47 .44 .42 .40 a 
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Ael.oi:.i.u.e. ~ c.oni.ud (%) 

a) lai.e. U2£}ei.ai-i.t1't. ~ c1;cb 

0 3 6 9 12 13 15 Datµ 

96 99 96. 7 93.5 78 97 97 

100 100 92. 1 91.8 70 99. 7 100 
~,w 

100 93 95.2 84 70.8 94 101 

Sum 296 292 284 269.J 218.8 2')(). 7 298 

fYla.an. 98.6 97.J 94.63 89. 7 72. 9 96. 9 99.J 

S.l. 1.3 2.2 1 .4 2.9 2.5 1.65 1.2 
+ -

t) l3oot io IJ.o()m dac;e c.1~ 

100 100 96.J 83.7 77.6 97. 9 99 

99.2 99.5 92 84.6 72 92.4 99.3 

95.3 96 96. 1 79 79. 7 97 94 

Sum 294.5 295.5 284.4 247.3 229.3 287.3 292.J 

fYlsuirt 98.2 98.5 94.8 82.4 76.', 95. 7 97.4 

S.l. 
+ 

1.45 1.6 1.4 1. 75 2.J 1. 7 1. 7 

-
.c.) lJourli, da<;e CIJCb 

100 99.6 97 81.6 72.8 94.2 99.J 

99.6 9) 0 4 95.5 84.4 64.5 99 99. 

9).2 99. 91.2 89. 7 62.6 97.5 92.7 

Sum 292.8 292 283.7 255.7 199. 9 290. 7 291 

fl.ean. 97.6 97.J 94.5 85.2 66.6 96. 9 97. 

S.l. 
+ 

2.2 2.0 1. 74 2.4 3.1 1.42 2.15 

-

-.... 
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T ~ 4¼,uffcanc.12. o/ rn.e.an,c 

To ied. ~ di.//.vumc.e.6 ..in M % and ~ fx:Jl.eni..i.al. 4le/l.e ~ 
i.h..e t-ied. u.t:1.6 u.M.d., To o.tia.in i.h..e 1-uai.u.e i.h..e d.and.cv,d. VIA.041 o/ 1,.oth. 

IUaJ1,6 i.o le. co~, wa4. .«;u.aA.ed., ~ and i./2.e. ~ JtOOi o/. .th..lo 

value. u.M.d.. T luz. di./-~ ~ ih.e. iJA:O rn.e.an,c ~ di. ui.c!Ed 4 .th..lo 

value., iJu.u, ~ ih.e. 1-ual.u.e. T h..e ~ ~ ~ {A.Om a 

.i.aUe. o/- 1 uahuu, al 4 ~ of ~m. 

Sampl,uu; Lim.e. 1 

X 98.6 

2 

97.J 
J 4 5 6 

94. 6 8 9. 7 7 2. 9 96. 9 

7 

99.J 

! S.l. 
S.l 2 

2 ~S.l. 

1.J 2.2 1.4 2.9 2.5 1.6 

6.25 

1.2 

r-
t-~ 

1.69 4.84 

6.53 

2.55 

1•3 
= 0.5 

2.55 
N.S. 

~ 1.im.e 1 2 

98.5 X 980 2 

:! S.l. 
2 5.c.. 

L5.l. 2 

r-

1.45 1.6 

2.1 2.56 
4.66 
2.16 

0
•
3 ::o. 14 

2.16 

~ 5% n.~. 

c) Dour;),. datp. et;*• 
x 97.6 97.J 

+ S.l. 2.2 2.0 
- 2 S.l. 4.84 4 

C S.t.2 8,.84 

r- 2. 97 

t-~ 0.1 

3 4 

94.8 82.4 

1.4 1. 75 

7. 94 

2.81 

9. 14 

s. 

5 

76.4 

2.J 

6 

95. 7 

1. 7 

7 

97.4 

1. 7 

94.5 85.2 66.6 96.9 97 

1.74 2.4 3.1 1.42 2.15 
9.6 

14.45 

J.8 

8.16 
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s~ o/ ~ .i.n hw/ ~ poiR.nt..i.al. 

(a) Lai.e. ~ ~ ciµ:h,. 
wa1.vt. pot. rt: s.t.J rs.t../ ~ rs.t..l I t ua.i.u.e. ~ 

1. 4.0 + o.4 0.16 0.35 o.59 o.7 - 0.59 N.S. 
2. 4.7 + 0.44 0.19 s. -
3. 7.5 + o.5J s -
4. 9.5 + 0.67 5 -
5. 14.J + - o. 74 s. 
6. 3.5 + 0.25 ,A/.S -
7. 4.4 + 0.)2 N.S. -

(i) 'Boot i.o t..locJm dac,;e- eye l,q_ 

1. 4.3 + 0.38 0.14 o.3 o.55 o.55 N.S. -
2. 4.0 + 0.4 0.16 -
J. 6.5 + 0.35 -
4. 8.6 + o.46 -
5. 15.2 + o.n -
6. 4.5 + 0.29 -
7. 4.1 + 0.12 -

(c.) Do~~~ 

1. 4.0 • 0.3 0.09 0.18 0.42 1. 9 n • .6 • -
2. 4.8 + o.J o.o9 -
J. 7.0 + o.43 -
4. 9.8 + 0.48 -
5. 16.5 + o.8 -
6. 4.7 + OoJl -
1. 4.1 .. 0.2 -

.... 
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( e) 10 days after watering (f) 1 day after rewatering ( g) ;; d-t~·s after rewatering (h) synthetfo !3!'.. (o··4ug/rJ1) 
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Fig. 15. Growth response of wheat coleoptiles to chromatograph section.s of the acidic ether frg,ctions from 

extr~cts of leaf of sorghum plants taken during late vegeta~ive stage stress cycle. Shaded area:s 

~i gnific:mt a± P=0. 01 . 
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(b) 3 dli(Y"S after watering. 
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( f) 11 day after rewa tering 

(c) 6 days after watering ( d) 8 days 3.ft~1.' ·,q; -1; L'.:. . l .... ,' 

~g) 3days aft~r rewatering (h) synt1rntic AHA 
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F'ig. 16 . Growth response of wheat coleoptiles to chromatograJ>h sections ofthe acidic ether fractions f~o~ 

extracts-; of leaf of s or ghum plants taken during the boot to rJloom staage . stress cycle. Shaded 

ireas significant at P=0 . 01 . Rf 0 .5-0 . 8 indicate the inhibitor fJ frac tions . 
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F:i.g . 17. Growth res;ponse of wheat coleoptiles to chromatograph sections of the acidic ether fractions fto!ll 

~rlracts of lead' of· snrghum plants taken during dough sta·ge stress.: cycleo SJ.adedl. areas significant 

at· P=0. 01 . I 
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( ~) 1 0 days after wa terirrg· (f) 1' day after rewatering (g ) 3 days after rewatering (h) synthetic .e.'.Im (~1 •Jj \ml) 
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?'ig. 18 . Growth re3,ponse of wheat co l eoptiles to chroma togra1ph s ec tions of the ac idic ether fractions f rom 

extr ac ts of roots of sorghum pl ants taken during l ate vegetai.ti v e str ess cycle. Shaded a rea.a 

signi fican t at P=0 . 01 . 
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Fig. 19. Growth response of wheat coleoptiles to chromatograph sections of the a:cidic ether fractions from 

extracts of rooits of sorghum plants t aken during boot to bloo~ stress cycle. Shaded areassi.,o-nificant 

i t P=0. 01 
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Jl't.g . 20 Growth response of wheat coleoptiles to chromatograph sections of the acidic ether fractions from 

extracts of roots of sorghum plants taken during dough stage stress cycle. $ha.ded areas significant 

at P=0. 01 . 
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a) C'>niA.ol. ~ 

---------. 1 ·.·.·. 1 

0.2 

0.02 

__ -.._.._ ____ +-, 0 
0 

I I I I I I ..... I _.,.___._,--J.., ~• _.I-•.~• __ I 

0 0·5 1 0 0·5 1 

Rt in n-butanol /acetic acid/water 

E ----------------1 1 

--~ 
s::. 2 6 
U) 

e .... 
C 

····· -------- ..... ... . .. - - ---- 0.2 ------~-- -- - .. 0.2 

O 22 • '0 

]

!{. 

0.02 .! 
>, -0 

(.) 

18 

14 

l_ 
-- .. 0.02 

0 0 

I I I l I ' I I I I I I I I I I 

0 0·5 1 0 0·5 1 

At in n-butanol/acetic acid/water 

r.1.r;. 21 HJ.,d,o~ "I IU1d.uJ,. c.o4.bd.on. Li.oa.um,. "' iM. lu.d.anoL pacli.orw 
pu,. ~ o/. V.. 400J. ~ ( 0 J.o 100- fWJJW11al. .to tJa.. NXJi. ~) 
"/- -60~ rJ.ani.,6 dwLiJu; J.ai.e ue9ei.aii.w da9e ~ CIJ,cl.e. Shod.«l. 
aA.ea..o ~ ai, P=O. o 1. 
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a) C.Onhwl. ~ 

_ _ _ _ 0 .• 2 

1.----+--+-----t:::=i 0 

I I 11111.L--J 

0 0·5 1 

\{ 
-ltJ _ _ _ _ llmr :)1; ::::::=:::::\::::: 

·.·.·-~:.:;:: ····~········ 

I I I I I I ' I 

0 0·5 

Rf in n-butanol / acetic acid /water 

- - - - - - - - - - - - - - 0.2 

- - -0.02 

0 

' I I ' ' I L.1__1 I I I I I 

0 0-5 1 0 0-5 

Rt in n-butanol / acetic acid / water 

- - 0.02 

0 

1 

0.2 

__ o.o~ 

0 

1 

r,u;.22 lli.d.o<Jl"ll"6 ol-~ .c.ob;!w:lon '-ioa6.6alJ Of iA& "'1:an.oL ,pcarliorw 

~-~ o/. .tJi.& IUJbi. 4/V~ ( 0 LJ 100,,,,. rw,x.i.ntal. to iJ&e A,O()J. ~) 
of. .dO~ pl.ani.4 t:UIA.i.ntJ &>Qi. i.c .U.Oo• ~ ~ CIJCh. Sl&ad«J. a.tca.6 

~ ai. ,,. • 0 1. ~ni.al. .li.M..6 .cV&O&&I .th.11. ~f&M, .to lu.n.J.J.n. 
~ {w;/al). 
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Rt in n-butanol /acetic acid/water 

26 0.2 
·- __ -- - __ - _ - _ _ _ _ _ 0.2 

22 
0.02 

18 
0 

14 
l I I I I I e I I I I 

0 0·5 1 0 0·5 1 

Rf in n-butanol /acetic acid/ water 

Ti..<;. 23 !lido~ o/ ~ .coi.t;t.,zdon. .ti.oaM>a~ o/. iJuz. J.ui.an.oL piaci.i.orw 
fN,m. ~ c/. iA.e A.IU)t ~ (0 ic t0011111t (l4,0x.i.mal. i.o iA.e A.Cot f..i.p,o) 
ol, .tioNJlwm ~ clwwu; d.ow;),. .da,:;e ~ c11cie. Shad.d. alU!a4 ~­

.card. ai. 'P:O. 0 1. flt,A-i.zDni.a.t. .l..uuzA di.ow iM. 4.UfOl'W.e i.o ~ ~ 

(WJ/ai.). 



87. 

30 
- - - - - - t-L· - - - __ , 

{% 

-
C 
0 

"'0 
Cl) 

'>, 18 -0 
(.) 

14 

-m 

.S.26 .. 
~ 

s::. 
"' Cl) 

:: 22 

C 
0 
"'0 
Cl) -l: 18 

8 

'------------'O 

I I I I I I I I I I I I I I I I I 

0 0·5 1 0 0·5 1 

Rt in n-butanol I acetic acid / water 
a) C.Onhwl. ~ I..) 6 elmµ a/bvt. ~ d.o~ 

t!) 10daJµ,~~~~-:~:~~-~ 
--------------1 

___ _ 0.2 

14 
I I I I I I I I I 

0 0·5 1 
I I I I I I I 
0 05 1 

Rf in r'i-butanol /acetic acid/water 

f.it;,24 /Udo~ "I AOdi..oA 1:.1Jii;L«lon. Li.oa.ua,; et~~./. p,.aciJ.orw 
,IN,•~ "I~ ha&lllA o/ .IJDNJiw,,, ~ d.uAJ.n.r; '4i.4. ~­
al.we .darp ~ ~eh. Skd.ed. a..ua6 ~ at. 'P.O.O 1 

IID4izl:>nial. Li.n.u .dww ~ ~ll4e i.o l.i.n.e.ti.n. ~ ( w,/.t.) 



-... 

C 
0 
"O 
Q) 

>, 

28 

o 18 
() 

14 

-28-
0) 

s 
... 26 
3: 

...c 
(/') 

~ -c: 22 
0 
"O 
Q) 

>, ... 
0 
0 18 

14 

88~ 

__ -- _ _ _ ·.:::. _____ 0. 2 ________________ 0.2 
·:::: 
::-::·: 
{};:; 

Jl -- 1_·;·;·;;·;·'._:_:.i.1.1:l_ •. t.:_:.:_i.1_:.l.t_; - - - - 0. 02 

~-
'----+--F~-----1--,0 

I I I ' I 
0 0·5 1 

E{ 

iii; 
I I I I I I I 

0 0·5 

Rt in n-butanol /acetic acid/water 

_ :::::-- _________ 0.2 

- - - - - 0.02 

0 

I I I I I I I ' I I I I ' 

0 0·5 1 0 0·5 

Rt in n-butanol / acetic acid /water 

___ _ 0.02 

1 

0.2 

__ -- _ 0 . 02 

1 

T J.r;. 25 /Udo~ o/ ~ .coilJl«Lon. Li.oaM>atj o/ iM. .l.ui.am:,L fAa.ci.i.oM> 
/A,om. ~ o/ the ba&'4Z4 c/ ~ p1oni,,6 ~ .kci. it, .tlo.oa 
d.arp ~ t!V"k• Shat:ud. a1Lea6 ~ at. 'P=0.01. 

&M..i.ZDnial. /.J.,Ul,6 uww i:)ie ~,we it, h.i.n.&tin., ~ ( ,u;/J.). 



--

30 

oi 26 
E 

....... 

.c 
~ 22 ,._ -
C 
0 

""O 
(1) 

Z' 18 
0 
() 

14 

'ol26 
E 

.... 
3: 

-£i 22 
(1) ... -C 
0 

"'O 
(1) 

">. 18 

8 
14 

a) C.Onhwl. ~ 
- - - - - - - - - -- - - - 1 

J
,::_:; 0 2 - ..... - - - - - -- - - -- . 
111 

·:;:~~. 
0 

I I 

0 0·5 1·0 
I I l 

0 0·5 

Rt in n-butanol /acetic acid/water 

I I 
1·0 

0.2 _______ - - - - - .. 0.2 

0.02 0.02 

0 0 

I I I · I I I f I I I I I I I 

0 0·5 1-0 0 (}5 1-0 
Rt in ri-butanol /acetic acid/water 

'FJ.r,, 26 ~~ o/. ~ a,.tJ;bdt,,a. J..i.o~ et iii.. .lu.tano.L /Jcaeli..orw 
,/Aom ~ c/ ~ ha,w4 o/ .41)~ ~ ;d.wwu; di,~ da~ 
.dAe-44 et;c.lc. Shatud. aA.ea.6 ~ ai. 'P.0,01. HoA..i.z.Dnial. 
~ .uww iJut ~~ i.o h.i.nd£n. .danckvuu (w;/aL). 



90 

'P 1.ai..e. 2. 5~ ~ d.wwu; loot i.o Uoom d.at;e-. 



91. 



92. 

kl.cL.icoli, 'F.T. & J.L. I...J;on. 1969. 'Plu~l.ofl'f o/ at..c.e.ui.c acid and 
/Udai.ed ~. A. Rev8 of- 'Pl. 'Plu,;4i.o.l. 20 139-164. 

kldi..coli I f .T • 19 70 • lli.ocA.enu.ca!.. ~ri.ec1-~ o/- ih.e aclion o/- at..c.e_i._4i_c ac.i.d. 

t/l.Om pl.ani. ~wt.A ~. &J.. D.). UJ/l/l.. f 2_72-279. 

Al..luxJn, ). C. 5. & D.). Wal6on. 196 6. T /2.e. rvwd.u.cli.on and ~n o/­

cuu; ma1i..eA. in. mai.z.e. a/ k /1-oWIVUJUJ • Ann &t. 30 36 5-381. 

Allman., A. & R. ~/l.e/1.. 1971. 'P/Wmoi.i..on o/- c.allu.c, /o//JTUJLi.on l..t; 0-t-4Ci.-oi..c 

acid in. ~ luu:L .c.uftwuu,. 'P 1 'P luj4i,o1. 4 7 844-8 4 6. 

~n, N. 73. & ) • II.. Duvvu.;. 196 9. D.L//~ in. .ltwci; l-t-M A 1
-<> and 

~ in. ~t;£ean. .oe.edi.UlfJ-<>• 'P/l.Oc... Nai. Acad. S.ci.. 62 202-209. 

~, R.'P. 1966. 'Plu~lor;-u:-al ana/.J~ o/- t;,udd o/. wAeat in. ~n 

f.o ~ ~ and J.emruvwiwz.e. ). Jndi.an. ~. Ru,. Jnd.. 'Pod­

~ S.di.. Vo.l £. 17-31. 

Atzo1ta, N., r. Sh.oor,; & O.N. All.R.n. 1959. Ki.net.i.n. .wducerl pARJKlorux:l.u.l.eA 

on f.o.£ac.c.o /LOO~. Am. ). Bot. 46 610-613. 

At.~, D., 'P.73. N.i.cholh. & L.lt. N.w; . 1964. Thi. 4/.ti..CU, of- ~.u mo.il,i,­

wz.e. ~ on the. ;JAOwih o/ &vz.1.e.t;. 1. V.egeiaii..v.e. de11~lo,mud and 

~ lj-Leld. Au.d. ). Ac,r-i-c. 'P..eA. 15 129-145. 

Aapi.n.all., D. 1 L. ~- 'P al.ecj & f. T. kldi..coli. 196 7. M..6Ci..<>i.n JJ and ~m.e 

lio/l/TIOn.e /t.Pf,;u1ai-ed (l1an1. ./LP-6fl0n..62,,6. Jlu4t. ). lJi.oL. Su. 20 8 6 9-82. 

Ai.lu.n.1 R. X. & 73. J. S. 5/U.LJadava. 196 9. T /2.e, .c./uvu;RA in. ~1.ul,.J..e rvwie.i.n. 

o/. ex,c.i<>ecl ~j leavRA ciwu,,fj ~ and lun.ei..i.n. i:A..eai.meni.. 'P~ua. 
'Pl.ant. 22 742-750. 

'iJach, fl. & A.l. lUdimond.. 1971. J~n.6 te.lw.ieqn. ~ aeid. 

.c.J;iolun..i.n,.o and aA4Ci-oi.c ac.!.d. in.~ Lea/-~. 'Pluµ).ol.. 

'P l.ani.. 24 7 6- i' 9. -~, n.A. & J<..73. ~. 1974. T/2.e. el/1!.ci o/-~ /.o/l.C.i!A on tAe. 

1ZX1clai.i..on o/- o~ ~IJ'LUA l..t; tAe. /l.Oo.1..4. o/ .c.vuud pl.ani.o f//Wl4l. 

undeA. .d..eA-Ll.e. condi.ti..o~. N~ 'Plu;f.ol.. !!_ 39-45. 

'&vzd.zi.h., ).fl., ). Na/IHI., & ).R.. llrvwi.A. . 1971. 4/ed4 o/ wai.vi. .dlU6-6 on. 

t1te. acli..iu..ii..l!.4 ~4 i:.M.e.e. l?Jl.?~ .1.n. maize~. 'Pl.. 'P~J.. ±z. 
828-831. 

'&:vzn.di.1 N.fl. & A.~I. NaJ.;J.o4. 1966. /Jini.rw a£i.d. and. fVW~ q;uda!.c.ll.om .i.n. 

&vurwd.a ~ dwu.ruJ wai.eA. ~. Pl.. 'Plu)4i.ol.. ±!_ 1222-1230. 

&M.4, 11..D. 1968. ~n. o/. wa1ui. deµc.-1.i.d .i.n. (dani. U.MH1.~. tMm 

waivt deµc..i.1..6 and rJ.ani. ~wi/2.. Vol.. !_ (l 235-368. ld.. T.Xozl.ow.olu. 



93. 

73.ervu:u.e,.U, 11. r. & n. C.Oh.en.. 1974. &u:1.orp.nou.6 at-<:>C.ui c: acid p1.ant ~ 
~ .11..e.iai..i.o~ wuLvz. .coniAoll.ecl. uw.i.Aonm.vdal. .condi.Uoru,. Jn. 

~ o/. ~n. ol, f1nnl. CJAOwth.• Bul.hlin. 12 ky.. So.c.. N.Z. 
fl 411- 415. 

73.ervu:u.e,.U, fYl.'F. & D. C.Oh.en.. 1975. Ad.ai.i.o~ ~ haJ. 1.AXJ.i.eA. .d.aL,-o 

~-U>-l· c. ac.i.d fu,.e.La wu1. d.ornaial ~ ..i.n. maize. and -oO/Ujlwm. 

PL. Pluj4i-o1. 56 207-212. 

73.e.evvu,, L. 1968. ~wth /l..elplai.o/l. co niAoL o/ ~ ..i.n. h.aJ- cLi-<>CA!> 

o/- Nad.wzl..u.un ( T/l.Oruuw.lwn rnaj-u,6). Jn. 'F. W~ and~. S~ 
(er:l6). &..odtem. wul. pluj4ioL. o/ fl.ani. (j/Wwth ~. fl• 1417 -1434. 

&vud, T. A. & N. P. &//om:L. 1953. CNwmaf..o~ o/ & <j!WwtA. -ouid.­
QJ'l.Ce,6 ..i.n. [dani. ~. Nai.wi..e. 171 645-648. 

&.n.-zioru, A.C., C.Jia.i.. & tJ-. Vaadi.a. 1967. Wai:.eA mu/. -oali. ~, lu.n..et.i.n 

and f1W1..u.n. -61.~ .i.ri i.oAacco h.a.v1U>. PL. Pluj4iol. 42 361-365. 

lJ.vu-p,ann., L. 1964 • ilVL ~ LJOfl. /un_ef...i.n. an/-0 du ~ unci. 

du~ .i.ri ~ uon. N. tdaccum. 'Plania. 62 

221-254. 

~;, J. D. & D. W. tol.Uli.ai.n.. 19 7 2. A clid..i.n.ci:.in. ~ .i.hL t!.L'.Lioru, o / 

ai-6Ci.dc ac.i.d ,~ a.c.i.d. and c.i;f..oh.i.n.i.n.a .i..n. .lu;h1 ~ 
1..dil.lce ~. 'Pl.ani.a.. 102 368-371. 

&.x., ).H.fYI. 1972. {Jj..e.,ch, o/ a.i.-6C.i6-l.·c a.c.i.d. on 1M. -o0.lull..e. ANA /¥:JhJ­

~ acl.i.ui.1,'I .i.ri maize .cohnpii. l.e-o. P l.ani.a.. 103 11-17. 

73.lum, A. 1970. l/-f..e.c.l o/ f2l.nni, ~~ and (}/Wwf.h clwiati..on. on ~ 

~ i)-le1d undtvz. .lim.ded ~ ~J· ~n.. ). 62 333-336. 

l31.um.vif.hal., ~.s. & L. ~,,J.. 1965. ~111.al.i..on. o/- &id JLUf.. .i.ri ~ 

o/. poi.alo, Sol.aru.un ~,4U/Tl L. J~n. o/ .4(l!WuUnr/ 4 ~/l. 

.comr£x. anr1 /UlJ/VlAal 4 ~ acid. P 1ant. & ull. 'Pluj4i.o.l. 
6 601-608. -&nn.dt, 1 0. T. 1966. Jnjl.tJ~ o/- ma.i.z.L 1 ~, /U}'!-, ~I and. .oalo 

: JJi.e.iA. .ini.1.-i.al..i.cm and ~ i1clopn.vd. 1'. 7 21. {i3ul.1.. Jll... ~. Ocfl • Stud.). 
&u.44'.J.a, S. & A.t. A.ic.lunand0 1976. M4ci.dc ac.id. and & aJi.v,. ~cl 

o/-~ in. i.o&u:.c.o rJ.ariu,. 'P.lania. E!_ 217-219. 

&vvi, J.S. 1968. Rdal.Lo~ o/- wai.vt. poi:..uz.Lial. f.o <JIU)wtA. o/- luw«~. 

PL. PluJ4i.D1. 43 1056- 1062. 

&ifVL, J..S. 1970. u.aJ. ~ and mdai.ol..Lc. ~ .i.n. .ccNi, ""'~ 

and. .6Un./J.o~ at .low h.a/- uai:vt. poi:..vd.i.al. P.l.. 'P~L. 46 236-239. 

'BolJVL, J..S. 197 6. Ph.oi.o-<J~ at low wai.ui po~. 'Ph.i.1. T /1.QJUJ . 

R.. So.c.. 273 501-512. -&,µA, ).S. & H.t;,. fYl.cJ>h.eA..6on. 1975. 'Plu~J.ow o/ ~ cu/J..c..ii:A 1A 

~ ~,w. ~ . ..i.n. ~n, ~ 1-22. 

&u.-Daru;, 11..lJ. & J..1'. N.il.AC.h.. 1970. J-o01al.i.on o/ ual.in. /l-U.o~ /A,am 
ihL di.i...co/U; /Wo1. Plcvd.a.. 95 119-126. 



94. 

'f3wu:1.ui ., A. S. & IL. T. T a1,tk/l.. 1910. T 1-u!. ~ and .duwu.c.al. f.;u.m4-

/,o/UTUJLion o/. x.aniJwxi..n. 0 T ~n l.e.llvt.o. 4071-4074. 

'Bwz.tww., W.~. & D.). Ccvvi.. 1969. {j/ .e.c.L6 o/ /J.oodi.ru; & /l.Ooi .ayd..em o/ 
~WV!. ~ on. fu Cj;f,olun..in. .conl.eni. .in. 1./2.e. XJ.jLem .aGf2• 'Plu~l. 
'Plani.. 22 1105-1112. 

UJ/l./l.., D.). & ). T. Wwull.m.,i. 196 5. T 1-u!. ~; o/- ri!wi.o~wi.i..c. ~ 

:Lo iJu. ~ pwm 1./2.e. /J.ar; .lea,/ and .e.a/l. o/ w'uwl.. Aud. J. &.ol.Sc.i.. 
18 711-719. 

~h A.f'l . 1973. l//d o/ iJunn.i.ru;; al. ~ ()/l.Owt.h ~ 

on mo~l.oc;;; a.niil)-Le-!d. o/ ~ -40~ ( S. li.c..ol.o/l.., L. /YloULC.h). 

PA. D. ~n. 

Gi.en.., C.f'l. & A.Ii. &U. 1969. l3.i.o-<X~ of- tf (A 2-J./>()pud.uu;l) ~ 
'Plu;f.odi.em. ~ 168 7-95. 

Chi.n.OI;., ). ). 1962 . Pluµ.i-o l.or;;') o/ cuwughi ~ of- wu..ai.: 4/d 
o/ wLl1.uu-; al. clijj:vz.eni. c;ywuJJi. and d.e.v~d.orm,enf.al dm-,;u on pl.an.1 di.aAaci.­

vw ~ i;-u-Jd o/ 7UUJl. .in. w-Jif. ~ o/- wh.uil. 'Plu;f.ol. !J. 
5-10. 

C.ONi/,od.h., ) .W., 23 . V. flilt.o/l./Ww, ~-~ & P.T. WG/l.UIUj. 1965. ~~ 

o/- (+} al,..c,e.i.4i.n . Nai.uAl?... 206 715. - -
vui.c.hvz., L.l. F. B. A~ 196 9. ~n., /l.01.e_ o/ a.i..c,ei.,e..i..c acir.L. 

'Pl. PluJ4.i..o1. 44 1144-1149. 

uuun, W. ~. , f1. ~- P .if.man. 19 7 2. The aclion. o/ a.lcc.i..<>i.c ac.i.d.on. .i.on upi.a}u 
and wai.vi. /J.ow on (21.wii. Mei.a. Aud. /. l3.i.o1. S.ci.. 25 1125-30. 

u.o,un.i.n.,6, W. l<. 19 73. The. rnei.do.lu.,,n o / ai1...aci.<>-Lc aci.d. .in. ~n. :Lo ih 

/l.e.1)1Vl4i.U.e. a.cl..i.on on .d.omaf.a .i.r.. l.uw.u, o/- !ID~ V~ L. Plwda !.!i.. 
159-167. 

~I w.A., ii.. &n.cu & J<.. ~o 1971. Spec~·µci,4 and. ~Vt-6-i.J.ili1'1-
ol, i:lu. n.arw.L .domal.al ~r~ :Lo ~-i.~·c. ac.i.d. t->l.ani.a !!_ 347-351, 

Da.v-i..d., L.A • ., D.l. IW-nz. & T.T. /t/.dicott.. 1968. ~licpu'c.L dvwmai.c~ 
o/ WRLeilu~µ cwuv~ o/ AZ3A and. oi:.hvi. p1.ani. M/llllOne.o. 

DI- u.o, 'P & J-. S. Sac.hvi.. 19 71. 4Ju:i. o,l al,.-61:-i6.i c ac.i.d. and. auxi..n. on. ~­

nuc. leCIAI! d.wz...i..ru-J w;J..ru; o/- .t.uin. Uld.oc.o.A.f li-Mt1.e ..ucU.on.o. Plani. & W1. 
PluJ4i.ol. 12 791-6. - . 

DdllrUWd., O.T. & A.H.. ShauJ. 1960. Th..t!. ~ o/. -4()..i..l. /Rt).ld.wu. ~ 
al. ~ d.ac;•.e.a o/ <}/Wwih on iA.e. d.4.vd.op,wd and. IJi..,.1d. o/- ,eo4n.. 

Afltwn. 1. ~ 212-214. 

~, l~.5. & l<.l. Cl.dand.. 1975. Wt:d.vi. ~ and rvwil..i..n. ~. 
Pl. 'Pluµ..iol. ~ 778-781. 

Do~, I<.. 1964. UkA. d.ao Wu.clid.olJ-~//-41;,d".el'fl. oon Ac.ell. 
(:61:U®~ L, lJlvL ~alU/ d.vt Wu.ch.t,.und /wnmd:IJ/-1~ Lii. J<no.opu,., 
'l31ai:.ivtn. und. .i.m. Kam.t..uun. A!.ania 70 25 7-2 74, 



95. 

llin/J-li.ru,;, K. 1970. Clwn.cJ.eA in~~ aci.d. conl.e.n.i dwu.n.r,; /A.U.iJ:. 
de.v.J.crmenf. ..i..n Sol.anum. L;ro~. 7-'l.ani.a.. 93 233- 242. 

'Do~, K. 19 71. l<e.ce.ni. adlJ(Jfl.C.l!;o ..i..n ~i..oi.c ac..i.d. ~. CA.ap. 4 

pwm /2.o/Unon.a.l /l.ll,;uJ.ali-on. ..i..n f2l.an1. <;j/Wwfh and cl.e.vd.ormenf.. P/l.O.c.. kilJ. 

ducly Jnd. J2J71-UL. &u. It.. ~ ar..d lj. Vwu:i.GA.. 

'Do~/.luu;, K & f1 . lkliir;;vi. 1968. T ~4i oon ~ ..i..n ~, 

73.!.aildi.d., and Jni.e.An.ocl...ia.lou~ uon. Col.e.oua ~. P 1ani:.a. 
9] 243-256. 

Do~, K. , 5. R:vzk1 & D. T i..elz. 19 7 4. V G/l.i.ai.i_on. and m.elat.oLiam o/ 

al,..oe.i.4i.c aci.d in (U?..a .Af!Rdl.Jn<)6 dwu.n.r,; and aJ,f.vz. waivz. ~. Plani:.a 

121 57-66. 

&jl.u,, C.T. J 'P.F. Wa/1..e.l.J'I{/ . 1964. ThR. 40J..e o/ <;f/1.0wtli ~ ..i..n .t.ud 

d.o/U1UlflC.L;. 'P lu ;4Wl. 'P l.ruii • 17 6 9 7- 708. 

ladin., J.D. & C.fl-. Ju/Li.van.. 7974 . ip..dd con4i.dvud.i..on4. in~ 

~. t//..Om ~ o/ /l.U,;uJ.ali-on o/ rJ.ani. cr.owih. &u. &~hdu 
A.L., A. i<.Tll/l£~n. & f>l.f1 ~well, fl 871- 877. 

U-Anid,..l;;, f1. Ii. , & 'P. UJ/1..6.en. 1974. ~n o/ ~ and 

~ aci.d ..i..n 9-201Aop.icall.i; d.bnu1ai..e.d V.ic.ia /d.a MOU>. 'P/uµ>ioL. 
'Pl.ruii. 32 322-329. 

ou~, L. 1972. u;f.o~ ..i..n ha/~ o/ 'PhaM.oluA uul.c;aA.l6 
L. dwu.n.r,; ~ d,_vdopmuil. . '!lioduun. P/2.'f6-'-0L. /.J~. !E_ 335- 343. 

t~L, J. 1966. CnzJ.~ m Pogr,;.vzh.wn.li.rupn. ~ <kA. 
~ oon. ludvtoiA.o(Jh.em w.4 aui..oiA.o~ Wa.chdum. P Lan.ta !!_ 320. 

T ddman., L. ) . 19 75. G;f.o~ and qu.i.e_.j.Ce_nl. cud.vz. acii.lJ.ii'f .iJi /l.OoU 

o/ Zea. CA.ap. 3. r /l.Om. iA.e. dev.e.Lopmen!. and /un,clion. o/. //.CJOU>. &u,. 

) , <;.. T O/L/1..Llf and D. T, ClwJUJOn.. 

'F.vtn., A. lJ, & J. r/l.i..end.. 1972, c.n.v.puc. fllU>duci.inn o/ i.lie pl.ani. CJll,,Owt.A 

in/2.d,..do//., xanlAox..i.n.. 'P .bnia 103 263- 266. 

Ti.An, A.D., l?..S. l1.vuLe.n. et li,'F,Tcu.;J.,o/1,. 1972. Th.e. d.~ci.i.on. and ~d.i..on. 

o/ i./2.e. <)A-Owtli in/2.d,..do//. xanlAoxi.n. ..i..n p-1.an,U. 'Pl.ani.a. J.E!. 115-26. 

'F .udivr., A. A. & <;..D. &An.. 1966. The. 4d..aliono/24 o/ ~ ~ to 
l)IU~ <JMwtA and pod-/J.owe/WUJ Le.a/ a/I.ta in. ~ und.eA. .coru:i.LU.cn.4 

o/ .lun1.i.«1. .ooil mclAi.i.vu. Aud. ). ArJIUC• "A.e.o. !J. 281-295. 

r~, A.A., T.C. IWao & A.f1 luupn.. 1970. A/f.vt tt./µd o/ w::d.eA. ~ 
on. .d.omal.a1. o~ poi..ent.ial. • ). &p. &i., 21 371-385. 

T~, A.C. 1972. The. ~I/eel CJ/ wai.vt ~ a1 l)(J/U.()u.o da~ o/ 
CUw~J.o~ on. ~ ptWC~M>l!-<> ..i..n idi.aJ., f 4(),n. p1ani. /Ul.6fOIU4. J.o .c.li.rnai:-U. 
/aeioM. fJA.O.c., et f.h.e. ~ .6ll"'fl04i.um /~~du~ aUJC. 

l,achu.11.4 ~. 'P 233-241. 'PaA.U, llNC:.SCO, 
'Fox., ).c.., J.~, >•Deleucp, WJ};.oon. & C. ~. 1973. Th.e. /,oNn-



96. 

al..i.on., .iool.ai..i.on. and A.i.ol..og.ical acl..i.v.ih; o/ a c.JJf.clwwz. 7-<jluc.o4i.de.. 
Pl.. Plu~l.. 52 627-632. 

~ , W. A. & A. l l. N.ieman.. 1964. low.vz. Lim.U o/ waf.vt. aoo...i.l.al,,i.liiy 

io pl.a.nLt,. Sc..i.e.n,.u.. 14 3 14 60- 14 62. 

t;.adun-, P.,). f1acfV..ll.an. & ).A. Ze.evawz.f.. 1973. Jcl.uJ:..i..pca.li..on. o/ <Ji-U.­
ULdLi.n A 20, at.oci..4/..c acid and ~c ac..i.d. pwm 'fk;oplu;Llum. di.arr,e--

monl.i..an.um. LL; 9a.6 dvz.omaio~; maM, ~mehu;. Ala.ni.a. 111 

347-52. 

~, L. T. & J.. fun.JUVL. 195 9. T ltL ~fl.oL o/.- lJut lJO~ iomaio pl.a.nLt, 
io a k..ej ruvuod Of wai.vz. dw/lLa.r;e. 1V. 4/u.lo o/ lAXJLe/1. ~ on. 

fu /1.il,.onu.cle.i.c acid m.el.at.c.li.un o/ iomaf.o bav,e,a. 'PL. Pluµ,i.ol.. 34 

49-55. 

r;az4, c.. & A. ~. 19 70. CJk!wu.n_ and ~/1. a.ci.i. u.i..ti Lt>. 

'Pl.. Pfu;.oi.ol.. 46 334- 36. 

~, ).A. & f'l .73 . ~ . 1956. q/e..ci. o/ .coil mo.i..dwLe ~n. 

and OXl)')-€11- .con.c.eni/taLwn. on fu c;rowi.h o/ .CO/l./1.. 11..0oi.o. Af,wn.. ). 48 

517- 520. 

~zi..on, i<.. T. 195 7. ~n and ~ o/. pho~ ~ dl.J/U..JUJ 
k.i.n.ei..i.n.-.i.nduced .c.e11. di..u.i.4ion i.n iot.ac.co ru.iJi. ~ciion.6. Nai.wz.L 179 

1083-1084. 

µ.en, ).L., C.C. l<.uo, P...C. ~; & P.. .P. P!u.vu..,o . 1972. liM. o/. l..rlAl:Jl.ull..e. 

poq-v..i.m;lp.j/l./1..0.li.cl.on.e. /o/1. ~n. o/. p1.ani. ~ and CNl.Oma­

io~ o /. p1.anf. M/1.fTlOfl.e,,6. Plu;io~. !.!_ 34 5-3 51. 

<;li-nha, Z & L. A.unlwld. 1971. M-6c.io.i..c ac..i.d. /UJAARA i.h.L ~ o/ 

pl.ani. CR..1.h io lAXJLeA. Pl.. Pluµ>i.ol.. 48 103- 105. 

<;li-nha, Z. 19 7 Jo fU4e.J -6.i..c aci.d e//«ci en. /I.Oct .e.xwla.li..on ~ io 
~ ~ to ~. PI.. Plu,J,6iol.. !!_ 217-219. 

~ldo.c.hm.i.dt., c.. [.. , A. A. ~/Um, &um, C. Z. & S. l3.il.t.ruvz.. 19 7 3. J ~ 
.i.n. i.h.L pi.d, and. &Jund. Al3A c1wu.nr; naf.wza.L and dlu~ .i.nduc,d ~ 

o/ ~ pw.d ~. Al. Pluµ.iol.. ?..!.. 870~882. 
~/l.Mn, f'l. c.. , lJ . S. WA.am & C. W. PaAk.i!A. 19 7 4. TM- ~.li..om and ~ 

l.oeali.on. c/. uati..n .i.n. .i.nl.aci. ~ ~.e.dlinr,14. Ann.. &i.. !!!_ 809-825. 

~ 1 P.'!3., A.lJ. C/1.i.,c}u,on, & ). '/3uw;o 1971. ~Li..c. and p/u;Aical. 

-CD~l. o/. .c.d.l l!..l.orvplwn IU1i..e .i.n. uivo dJdi.lUJ .in N.ih.lla. PL. 

Plu~l.. 4 7 423-4 JO. 
~, '!3.l.S. & W.i<.. &vJde.i;. 1963. Ki.n.i..n.-.i.nduced ~ ~Ai. 

atrd.. ~ .i.n. d.dac.Jud oai .le.a.vu. Naiwt.e. 199. 262. 



97. 

~, n. 1956. l//e.c.l6 o/ ~ on c..ell. ~ n. w..i.ih. ~c..i/i.c 

~ to ~n. and. d.wwLi..on o/ mi..l.o4-iA. Clvwmo.coma ~ 341- 350. 

liat..vi., A. , D. l . Tocvzd & S. W. P J.>ACi.u.e. . 196 9. Act.i..on.6 o/ ~,.Le and 
a~c a.,c,.u:lc, on 1.diuce ~ ~n w.i.i.lwui. (.1.c.Li..on..6 on ~ 

DNA -61~. PL. PluµJ.oL. 44 464- 471. 

Hall., 'A. fll. 1973. G;io/wu..n.6 a6 a pwle o/ devd.o~ rvw~. 
A. lkv. Pl. Plu;,o-i-ol. 24 415-444. 

Hall., 'A.H.., L. wonha, H. Dav.i.d & 73. f"lcAe.ruum. 1967. C;io~ .i.n. iA.e. 

.col.ut..Le. TWA o/ pl..ani. li-Mxuu,. Sc.i..en.ce.. 156 69- 71. 

/t.wvz..u,on., /l'/. A. & 7J. C. Wa1f.on.. 19 75. M~i c aci.d mei.ak:d.i,<)/fl .i.n. waleA. 

~ ~ l.eaveA. PL. Plu~l. 56 250- 254 .. 

H.aiAi..ch I A. A. & D.). [X)w.li.ng . 19 7 3 . A dudi; o /. f.h.e /l.R.LaLwn.NU(l ~ 

/1.0oi. and dwoi. ~. ). lx.p. &i.. 24 407- 413. 

H.ecJd., S. fl1 ., J..<;.Le.on.cvzd, W.~ .• 21.vvwWCJ & D.J.. lvund.AOIUJ. 1969. C;iolwun. 
o/ w/2..e.ai <)VllTl ~ vz. 1W A. Sc.i.eru:..I!.. 16 6 12 7 2- 7 4 • 

lw~ie.il, l . lJ. &>. 'F. ~Ja/l..lUrl.f). 7973a. C;J.li~ ..i.n. PoruJ-tu, X /W.t.ud.a/ 

duuu-f£A d.wuru1 .clu.Lli.Iu;; and. &.J.C!. .t.wi..d.. 'PluJ4WL. Plnni. . 28 393- 399. 

luweft, l . W. & P. t. Wa/l..lUrl.f) . 19 7 3.t.. C JL:>h..i.n.i..n.6 ..i.n. PoruJ-tu, X /U).tu.d.a,. 
a .com[d..ex .i.ri le.av.e,e; . Plani.a. 172 225- 233. 

lieweil, l . w. & P. t. Wa/l..lUrl.f). 19 7 Jc. Cjl.o~ ..i.n. PoruJ-tu, X /U).t.ud.a,. 

~ du:vuJ.e-6 ~ cl..evd.o~. Pluj4i.o1. 'J> l.an.t. 2 9 386- 38 9. 

ILi.11..vz., R~. & fl. -~~I· 1968. l//ec±o ot 1.ow waLeA poi..e.ni.i.alo .i.ri 

.come. ~ of CLuz.l...JfujlVW,l-2. ~.lu,m in. Ch.J.o/l..RJ.La P'JA-'?AO.i.do.6G. 0 

Plani.a . 78 48- 59. 

/load, [i.. V. 19 7 5. l/ /~ o/ o.cmoi.i.c. ~ on al,.4e,i 6-i.c aci.d. h!lUU-6 .i.ri 

XJ;lem .6Gf2 Of 4Un/l.o~ ( f!.eli.ani:}uu, QJU/.J.JA l. ) . Plan.t.a . 124 25-29. 

lti:J.ld,, t.L. 73. 19 71. Some fVW I~ o / ~/l. l3 pwm ~lmwm .tul,.vw-61.Jm 

.co~ to al..6ci..oic ac.i.d. Pluµ,.w.t.. 'Plnni. . ?±_ 392- 396. 

fln4':.on., n.r. 197 1. Stomai..al. o~. Th.e. Ml.e. o/ ~ cu,i.c. ac..irl.. 

Canad.. ). 'Bot. 4 9 582- 585. 

IW.ao ,r.c. 1973. Plnni. ~n..oRA to ~ ~. A.A.e.u. PL. Pluµ,-i.ol.. 

24 519-570. 

fU.i.ao, T.C., l. ~ & D.W. ~n.. 1970. /'la..i..u. .b.aJ. d.o,u;aii.on.: 

C.On.i.i.n.ou.6 ~ and. c.l.o.a.e. ~ on. rJ.ani. ~ d.ai:.UI,. 

Sc..luu:.e. 168 590-591. -fu4/ahaA., n.C.,&T.C. ~, [i.. l . l<Lunhoµ & l.L. C.Ox. 1970. [./pci 
cl m.d.d ~ on. iJU:JpeA c/. n.i.iA.ah. ~n. and o/. t/2.e. eoAl,a­

XJJ1ai-we ~ o/ p}wto~ .i.ri ~;. vw~ Sci. !2_ 471-474 . 

Hu.licp, i..d., ) • It. 19 7 3. P Ju~l..o<ji.ca-l andmc~l..o <jUa.l ~-9'2-i-ioM 

a/. ~ ,41)~ (S • .t..icol..o11.. L. fl/oui.ch.) . PA. lJ. ~n.. 



98. 

~, ). & D. ~. 1970. Wai..vz. ~ and cqu.c.al. m.o~~. 

Ann.. &i.. 34 3 9 3-408. 

Jnd.RA., D. & IY/. T al. 1970. Phe.nof.wu.c. n..ev~n o/. /Jacca, a ~ nudani. 

o/. tomato &; al,.-<>C.i..-o.i.c a.ci.d • 5.ci..en,c.e.. 169 592-593. 

J ru;vz,ooll, A. B. & 0. l Stndh. 19 71. T ~d. o/. a£.-oc.i.<l-ic. aci.d.. P.lanl 

& Cell. Pluµ...i..ol. 12 301-309. 

Jlai., C. d' lj. V aad.w.. 196 5. l<.in.ei..i.n. .li.h.e. ac..Liu.i.1.lf .i.n. /1..0i)i. LXU:!.a fL o/ 
uxdvz. ~ -oun./J..oWlVI. ~. Plu;d-ol. P.l.an.i.. 18 941-944. 

Jf.ai., C & lj. V aadia. 1971. C;io!wu.n. acliLJil.l; .i.n. ~ ~ ~. 

PL. Pluµ;-iol. 47 87- 90. 

Jlai., C. , A. A.i.chm.ond & lj. V aacli.a. 1968. T A2. /U)l.e. o/. /lO.ot ~ki.n.i.n.c 

CUVUJUj ~ and ~'J ~. J~. ). o/ &i. !!.. 187-195 

Jv'/-, J.D. 1974. Ckuu-µ .i.n. J3 ~/l. and waltvz. ~ .i.n. fUJ-• 

f1. II.oft. S.c.i... f>~; t.ln.i..u~;. 

jc;hMxJn, R.A., N.11. t/Ul; & lJ.N. {1o4c). 1974. l/µc.f. o/-~ ~ on 
p}wi.o.t,1~ and ht.an.,:yUA.alion of-~ baiuu, and~ o/ ~ 
and~. CAo12 S.ci... 14 728-731. 

Jc;nu, II..~ - 197 3. f'lodvud..e. ivun uXJLeA. ~ and a-o.coci..aled ll2i211rp,4 .i.n. 

.oolTU!.. rJwi.o-6~ pwl.Qll~ .i.n. c.oi.ton. N~ Plu;i.ol. 72 1095-1105. 

Jc;nu, A.J. & T.A. ~p..dd. 1970. S~n of- .6i.ornaial. o(UUW'U"/ .i.n. 

le.au.eA kai.luL wd./2. al,..t>c.i.-6.i.c aci.d. ). exp. &1, 21 714-719. 

Jc;.lld.an, W .lt & t. Skoog. 19 71. ~ o/ ci;iolu.n.i.Ju, on cpwwih and Q,I..LJ(,I..JU, 

.i.n. c.ol.e.opf..i..~ o/ d.vwoiHL Auvw 5~.;a. PL. Pluµ,.ioL, 48 97-99. 

K.u:.h., A. W,, & ). S. &'f"A. 19 7 4. CA.lo/U)flad ~fl-<>I!. i.o .I.ow lea/ ~ 
fD~• lJ.i.Jl.vwuJ. ~n o/ e.le.c~n. ~d. and plwi.o-
p/u>~/Uµ.ai...i.on. Pl.. Plu)4UJ1.. 53 474-479. 

K.uu:i.&, fl.. 1971. r hit ,C.l;io~, J~n.a,,l. ll~Ui eM c/ C,J;i,oJ.ow,. 
31 301 -333. 

l<..encu., H., & ). T auaA.UJ. 1968. On ill.e. ~ c/ ~lurwi .i.n.cD4fO­
/l.CLU.on i.ni.o lWA. Pl.. J>lu~L. 43 1244-1248. 

Khan., A. A. 196 7. Ani.ar;;o/U.Aln ~ d.olll1Wt and. hJ.n.d.i.n. .i.n. .oUCi. ~n. 

and d.o/Ullan.CJ.J• Am. ). &f.. ~ 639. 

Khan., A.A. 1971. G;ioki.n.i.n.t,: P~ Mh .in 4U.d. ~n. 

Sc..i...e.ru:.,e. 171 853-859. 

Kn.an., A.A. 1975. P/U.JTla/U;, fVUVe.n.l..ivL and. ~ 40.f.LO o/ M/Un()n.e.4 
.in. rJ.an.f. ~. &i.. &v. ±.f. )91-420. 

Kltar,,, A.A. & 'A.'D. Do~. 1968. u;i:,olun.in. ~ c/ rd>.6C.i..4.U! ac-i.d 

~n. of. <)/Wwt.h. and anuµ.aM- ~.in.~ 41.B.l. 'P~l.. 
Pl.ani.. 21 1301-1307. 



99. 

Khan., A.A., L. AndeAAOn. & T.~. 1970, !TBA .induced ~ .in nuclwi.i.dL 

compo4il.i.on o.f. ~I l.a1,.d,bd. /UAonucb.i..c. aciil. .opeci..~., o/. lvd.i.1. 

/I.Oct. ~ iJ; h..i.n.di.n.. Pl. P~l. 46 494-495. 

~), ).S. & P.l . Ai:.h.i.no. 1968. H.ei.viof..i..c /UU,fOM.L /.o/l. U~.WL and. 

mai.wz.e. f1ani. ~.in~ ,a.;~, So~ Li.coln/l. ~. ftlollUYI. 

uwp S.ci.. ~ JJ5-JJ9. 

KiAMam, f'I.B., W.R.. ~ & ~.C. ~//. 1972. ~u.l.ai.i.on o/ c.d1. 
di.vi . .o.ion. and c..e.ll utl.aA.c,;on-eni- li; lwu-j0/l. ~· 'P 1. P luj4i..oL.. 4 9 

961-962. 

Kodi..un.i.zu, 1<.. , fYl. J. N u.i., H. r uhu..i. & T. fl.i.u, u . 1968. J-<i01ai.i.on. o/ r + J -
al,,~;1-B-D-~fUVUVL04i.d.e pwm .i.mmai.wz..L pw..il. o/ ~ 1.td~J.J.-6. 

Ar,r-Lc. 13.i.ol. Ckm.. ]2 789-791. 

~, 'P.l • ., l3JI.. lovS!.ip:,, ~.L. 'Fu.Llvz. & A.C. le.of'Old., 1972. 

Af,.-4e,i-0i..c acid and. .d..omai.al n.u~n.. P 1. Pluj-<>i..ol. 4 9 842-84 7. 

Kundu, I< & L.). Aud.i.u,, 1974a. Jnh.i.l,..d.o/14 pwm Moi CG(l and mvu..d.em. 

). o/ Cxfa.Bot. 25 479-489. 

~., S. 1968. T /2.e. ,.Jl,ec):, o/ h..i.n.di.n. on. pwfun. Le.vd o/ &auica 

ha/- cli.du,. Pluj4i..o1. Pl. 21 78-83. 

l.cvupe.-Sa.a.vedA.a. A &R.L. Wa.i.n. 1974 . At.-0ei..o..ic ac.i.d. .Le.u.e.u .in /Ud.a.lion 

lo <VWU£/d iolvz.an.c.e. .in va/l.i...e.li..e..6 o/ lLa fllaJµ. L. Na.f.wu 251 716-717. 

L...aJdo4,_ D.W. 19 7 J. ~wf./2. and. wai.JVL aLYwpli.on. o/ ~ w.i.i.h ~ .o/ 
& Moi..a al d.iJl..eA.Uli. waieA. ()Ole.n.ti.a1. NeJ,,) Plu;iol. 7 2 2 97-JO 5. 

le.ni.on, J..R., /YI.A.. Bow.en.., cf P.'F. Sawul..eA.a. 1968, D~cti.on o/ ~i.oic 

awl. .in lhR.. XJjhm UJ{l o/ w.U.1.ow ( Salix. ~ L.) 4 ~ liquid 

clvwmai.o~;. Nai.wl.e.. 220 86-8 7. 

uni.on, ).A.., V.fYI. Puuu; & P.r. S~. 1971. Tlte. ~n and 

~~ ~ o/ doci.-4.i c aci..d. .iJt (dani. ~ 4 <;a"' h'qui.d. 
dvwmai.o~;. Planl.a. 96. 271-280. 

l..eAh.em., fl. 1971. At.-4ci-4ic acid cu, a /l...Lt..onuc~ rvwmc~. PluJ4iol. 

P l.ani.. 24 8 5-8 9. -~, fl. 1973. Tiu. m.oh.cui.aA. and. lioNT10nal. ~ o/ pl.ani. (J/Wwi.A MUJ-

ulau.on, Clu:ql. f.± • Thi.. f1l«U o/ -CJ.,i.ok.i..rwa. ad.i.cn. 121-127. 

LdAam, D.S. 1963. 'PwuJicati.on. o/ /.act,QM .i.ncw.ci.nt; .c.J.I, cli11-i..6ion. 

~ pwm plum p.u,ii..l.da. LJ./-e. S.c.i.. J 152-157. 

Ldluim, D.S. 1966. 'Pwu.J..ical.i.on and rvwt.a.t.b. .i.d.ut.t..i.4- o/ a ~ qi,ok..i.n.iA 
.in. ~ C0/1.n. ~. Li.µ. S.c.i.. ~ 551-554. 

Ldluun, D.S. 1967. ~ ~J-4i..olow o/ h..i.n.di.n. .li..lu. compo~. 
A. 'Al.v. Pl.. 'Pluj4i..o1. J! 349-364. 

ldh.am, D.S. 1968. A ~ e1;f.ohl.n.i.n. t...lo~ and ~ ~ .o~ 

ci;f.oh.irun. co~. Jn. Bi.a~ and 'P~.l.ow o/. pl.ani. <)IWwi.h. 
<MttdaTU:.U>. &Lo. 'F. W/l..Lc,liiman. and ~. S~. p. 19-31. 

MASSE.Y UNWOSJT'( 
tllRAlll 



100. 

Wham, D.S. & f1.ld. W.dli.am. 1969, lkc,;ulni.o/l-6 o/ .c.e.ll diuw.ion .in 

pl.ani. li-<'>6iil'-6. P!uj4iol. P.lanl.. 22 925-936. 

Lew·-<'>, L.N. & ).l. VCJ/l.l1.VI.. 1970. S~ o/ ~ d.wz.i.ru; dAc.i..-o6i..on 

c/ Ph.ac..eohu, vulcez--u, h.aJ ~. P 1. Plu,f<ii.ol. 46 194-19 9. 

Lew·"', A.13., l.A. !-li.11vz_ & w.a. Jn~. 1974. S~'I o/ ~ 

.60/Ujluun lo waivL cLeJ-i-.cif- ai iM..e.R. <;j/Wwf./2. darf'?A• IJrron. ). 66 581-91. 

UM., & D.L. Wal..1.ac.e.. 1952. lkpod., P/Wl.CeLoun lbuLJ.eA4i1.J;. 

( ~ .ci.A.c.ul.ai..n) • 

Li.LJn.e., A & ff-. V aadi.a. 19 7 2. Waiut. ~ and pl.anJ:. <;F>wi.h. h.o/UT/OnL6. 

f• 255-275. Jn wai.eA. ~ and p/.ar.J:. c;rowi.h. Vol .}_ &L. T. f..ozlodu. 

loLJeiµ, 13 .A. & P.r. lvt.iecl.emann. 1973. ~ ~ .in ~Ai..c ac.i..d. 

Luu. .i..nlut.-J.o/l.6 J,ol.lowuu;; alk.aaliorw .in ~ 1.w/- ,.xil.vz. fOicd..i.a.l. 
Pluµ.iol. P.lanl.. 28 476-479. 

LoUL!f<', B. A. & P.F. ~. 1974. 51omaia1 fl££plat.i.on and aMJO~d 

dwm-f€A .in uuioc;;vwU-6 levdo a/ !Tl3A and ~ ac.i.d.. Aud. ). P 1. 
Plu,j4i.ol. !._ 407-415. 

loLJll..ekoLJ.i...ch, L., Z • . ~ & <;.L. ta/lk.eA. 1964. Toxi.c.. e.lfacl. o/-

P ~moruu, 1.at.ac.c.i. on fa/ii A ,r,dd.o.l.u,m l.n. io.t.ac..c.o. Sci. 14 5 16 5. 

Lu.chw.i.1.1, l. [. & p. &)/up. 1968 • fio/lJl/OnRA .in f.h.e XJJ1.vn -oGfJ o/ aprde. 
iA..u-o. S.C.J. flono~ 31 87-101. 

~, T.,4. & A.). Jnn.e.6. 1971. ~ o/ A13A on fO~·um upi:.ah.. 
and .daAc.Ji. .c.onl.oii. o/ d.om.cdal. ~ c..e.L!A. P l.ani.a 10 1 14 7- 158. 

f'lai:.Aao, A.l. & A.lJ. Pauli.. 1965. T /1..UU:U) .in ruiAai.e /1.~ducii..on. and 

n.i.lAO<JUL ~n"' m 'l°unf/ .c.o/1.n (Zea f1UUJ4 L.) pl.anh, d.wz.i.ru; ~ 
and mo.ul.wu ~. uwp Su. ~ 181-184. 

fYla[Au. , K.J-. & S.D. ~. 1974. {J/ec.t a/ ~ ~ and. ~ 
on .le.a/- ~u. and rwm.t.vz. o/ ~p-i.d.vu,ial_ C?.1..lo .i.rt ~ .60~. Vtof 
Su. 14 751-755. 

f'l.LLpA, A.'F. & ).S. ili'Jfl/1.• 1972. Sen-oil.i.:.ii.i'I o/ c..e11 d.i..11i..4-i.on. and c.d1.. 
dcruplion. 1o .low ~ (lOb.nl.ial,.t, .i.rt .dD,;t.Lan. /u;(loCJ:Ji.,,.,U. 'Plan1a !2!. 
77-87. 

1'1-i.1.ta/VWw, l3. V. 196 7. T tu!. .i.dt,.ni.iJ-i..ca;li...'7. o / { -r) dAC i...6i n .in pl.anh, 
and ~ o/. .i..U con.c.eniA.a,lion.. P l.ani.a. 7 6 9 3- 113. 

PU./.&,/VWw, 13. V. 1970. T tu!. ~UA,n c/ a/,.Aci.4i.c ac.id. ). CXf.• &1 

21 17-20. 

1'1-i.1.ta.lVI.Cw, 13. v. 1974. TIU!.. ~ and flu~.low c/ atAci.Ai..c. ac.id. 

A. Atw. Pl. P~.l.. ?!_ 259-307. 

~M.ow, 13. V. & A.C. Ncddle. 1970. C.Orw.t/l4ion. ot 5-( 1, 2- JtfOXJJ-2, 6, 6, 

Wmdlu;l ~h.e.xi;l-)-3-mdlu;l(umia-.ci..A, 2 iAan-o-4-clww.ic. aci.d .ini.o 
a£,,4ci4i.c aci.d. .i.rt pl.anh,. 'l1i.oc.h.e.m. ). 119 7 27- 7 34. 



101. 

fi.Ll&J/l/Ww, B. V. & D. A. P.o~n. 1973. t acio/U; a/fu:Luu;; i:.h.e. t.i.o~ 

o/ ~c ac.i.d .in. p-1.anh,. ). exp. &i. 24 537-548. 

fYl.i.llvz., C.O. 1956. S.i.m..i..laA.i.'I o/. -<,0ru lu.n..elin. and .ud .li..t;hi. .efl.u:l-o. 
Pl. Pluj4i.ol. 31 318. 

ffLil..lRA., [.Q. 1965. ~ /o/1.. f./2.e. na&.vz.al O.c.cwl./l.e.rl. o/ u.ai.i.n. and. 

ili ci.tvuvaf...iLJ.e-6 c..omriound6 pwm rnai..zL idu.c/2. pwmol.R_ c..d.1 di.ui.4i.on. 

P/1..0c... Nai.. Ac.ad. Su. 54 1052-1058. 

fY/.U..l..iJM, (1. ~. & D.). Odo/l.11..e. 19 70. lf/.u:l. o/ ~.c.i..c aci.d on (j/1..0wih 

c..o~n .in. Vi.LiA v.iru/vw. L. Aud.. J. B.i.ol. Su. 23 470-83. 

~, C.). & A. T. N. LJan. Sleven.i.n.ch. 196 9. Stomal.al. c..lo-6Wl.L and 

~n o/ ~n -WducRd .t!I al,.-6c-i.4i.c ac.i.d. Nai.uA.e. 221 

281-282. 

IV..wza, ~.A. & A.H. Hail. 1973. T /I.CUW-/l.-i.k-6ljlua1in. J.u /J.o.41.~ 

.in. l.ui. matj--0 .e.ndo~ and 1/2.e nup/1./l.M.z.a.l puu,fUd, l¼.i..znpo<jOn 

/1..0-M,Oi.i.u,. P 1. Plu.f6-io1. 48 775-778. 

fV..zAalu, lj., A. ~ &. A.l. R.i.clunond. 1971. At.-6C-i.4i.c aci.d and. 

~n .in. .le01ie.6 .in. ~n i..o oun.o1-i.c.. /1.0oi ~. Pl. 

Pluµ,.iol. 46 16 9-171. 

/Yloo4L1 D.). 1968. Cell. wall CU4a0.l.u.Li.on. and lll.Zl)DLL ~n dwz.l.Ju; .b.a/ 
aloc.i.M>ion. Pl. Pluµ,-i.ol. 43 1545-59. 

/Ylo/Vl..U,, D. A. & P. ) • W.i.nJ-uJ.d. 19 7 2. Ki..n.d.i.n. ~41 to axi..llcvu; ~ 

o/- d.uxvi./- fll!.a (P.iAwn .6aliLJwn L.). ). 6qi. Bot. 23 346-355. 

/Ylod I 73 . N. & V .lii..o.a O 19 71. (hL naiwuJ.j_!I 0~ plani. <j/Wwf.h. ~ 

.in. .6WjWL .can..e. (Sac.ch.cvu.um o/~ L.). TA.Om H.o/Ul/Onal /U!.r:;u.l.ali.on .in. 

rJani. 7Wwih and de.ud.orm,vi-1., f 4 7 3-48 6. 

/Ylu.ll.i.n.4, fYI.~. 1970. lln/UTIOn.L ~ i/1~41 o/ ~~ .in. 

~ -ini.vuwCUA o/ Pk~hui µu,t~. Ann, Bat.. N.S. -1£ 897. 

N.i...clwla4, P.B. & L,lt. fYlm;. 1963. 1. .)fudi.u on. 1hL CJA-Owili o/ 1/2.e. ~I 

apex ~LJ.e1ormwi,. Aud. I• Biol. Su. 16 561-5 71. 

N..iA., J., 'Po4Jalw//- ~' A & S. Kl.u.n.. 1970. ThL ~R-Ci. o/ waiVl. 
~ on ihL (XJh;-come. (X)ru,daf-i.on and f./2.e. di..li.4 to .i..nco4(XJ~ anu.no 
aci.d. .in. mai..ze. Mof. J:.i.ru,. J4/l. 0 l• 'f3of.. !.!.. 451-62. 

IV.i.i:A.ch, J.P. & C. N.i.iAcli. 1956. 51'Jd.i..u, on i./2e. <;Mwih o/ .c.obofli.-1~ and 

tuz.d. .i.nl.vuwde. -62cl-i.o,u,. A IU.J.u1 ~n4i.U~ , ~ ~wf.h. ~ /.o4 
~. 'Pl.. 'P~l.. 31 94-111. 

Oalu., A., D.J. /Yl.i.i.cA.eJ.., A.S. l3cvuuvzd, d' r.C. )oluu,cn. 1970. Th.L M!'}'da­

Li.on o/- fvtO.li.n.e.. t-i.o-.o1.~ .in. rnai.u. Moi-6. Can.. J. Bot. 48 

2249-2258. 

0~, A.13., A.R. & T.A. ftlan.4.p.,.ld. 1974. 'fkuc.Uon. and ~ 

~n. o/ uu:l.o9.enout, ~ -i.n. ~-~ ~ 
p-1.anh,. P.lani.a. 117 292-302. 



102. 

0/Jwma, K., Lt.;on. ).L. Mdi.c.oil, t .T. & O.l Sm.i.l.A. 1963. M.oe..i-6in. .1J 

an. at.~n ~ ~ /11.0m IJOWUJ .coil.on pw-ii:.. Su. 
142 1592. 

Od.o/U'lL, D.). 1962. l/J.e.cl. o/ h..i..n.eLi..n. on. fMOLlwl. and nucle.ic. acid mda­
k.lum .i.n xan1luwn fuwRA ciwu.nf; ,e,.e~. Pl. Pfuµ,.i..ol. 37 595-602. 

ad.a/1.JU!., D.)., ft.).ac./MOn & B. (1.i...U.o/1./Ww . Plur6-W1.oc;i-c.a1 flll.O~ o/ 

d<>C.i..-Mi.on acceb.A.ai.o/l. pwm ~ l.eau2A!). 73.i.o.dwn. 99 381-388 0 

Pa.t:L<J, V • ., c.. /.JJ.eA£li.nh. d' 1<.H.. flail. 1971. C.OnueA.4i.on o/ If-~ 2-.Loo(llllf. 
.vu;l) advw.t:.i.n.e. Lo adnw.6i.n.e l,_'J .enzfpu!- acii.vi.Lj .i.n f.oL.ac..co ii-4Nt~. 

1-'1. Pfu;4i.o1. 48 775-778. 

Pedµ 1 ~. 1968. [/.I .uh, o/ lun.e.ti.n., 2., 4-lJNP and anl.i.-m.e.i.al,.olii..u, on. ilu. 

.duuu;u, o.J ami..no ac.i..d c.oni.ent o/ wd.hvuru; fuw~ So1.£uuun l.ac.l.mat..icw 

, ~ annum.., N.icoLwna 1al,.acum, Q~ .6aliua and T Jti..i.i cum uul.L,JGAL.. 
P.lani.a 78 196-199. 

Pa/l.k.lVZ.1 C. W. & D. 5. u.llwm. 197 J. J~M:, o/- u.ll ~n .i.n p1nni. 
l..uN,u,. /.Jlania 114 199-218. 

P.i.Ld, P.c.. 1968. Jn. B.io~; and Pfuµ,.i..olow o/ p1ani. f//Wwf.A. ~ 

('F. W.i..c;hf.man. and ~. Sdt.vzj.u..Ld, &u,) /1/2• 993-1004. 

P.i.Ld, P.c.. 1972. Al3A ~/.R..CL6 o/ <r°wf.A. .i.n ~n i.o auxin.., MA and 
u.liAa-~. Jn. ., lln/lJTIOnal /l.llpld..wn .i.n plani. CJA-Owi.h and d..Lue.l.opm.enl.., 

&u. i<,alde,~-'h H. and V CJ/UUJ/l.1 f/-. {1/2• 2 9 7-J 15. 

Ai.i:nuui., ft.~ • ., U.. Luilc;e, A. Landz.li & c.. Ball. 19 7 4 • A.cli.on o / at.-oei..4-i.c 

aci.d on .ion ~4i GA a//.e.ci.H/_ 1,.1/ Moi ~ and n.uiA.i..ud. 
.d.ai.tu,. ;. &.p. l3of.. 25 147-155. 

~, J.W. & 1<.S. loorru,t,. 1971. Charu-JU> .i.n 1k. CL;i.o~ o//l.ad.iA/2 11.0oU 

ciwu.nf; mal.wtai..i.on. P lu)4i.o1. P lani.. ~ 240-244. 

P.ai.ll.on., /•[) o I lJ. ft o lW.c1 I j) • ~ cf J • ffla.c/U.ll.an.. 1974 o ~t,. 

o/ al,.-oc.-i.4ic ac.i..d .i..n. dJ.a11.0~ o/ P .iAum. .caLiJ.Jum L. 4 .ct)rnt..i.n.«L C)a4 -

c.1vtomai.ocr,arJu; -~ ~mehuf. Alanl.a. 117 179-182. 

I~, D.S. 1976. At.-6Ci.A.i.c a.ci.d. uud .i..n. i.omai.o baoe<> aJi:.vz. a 1.oru; 
f2VU-Od. o/ 1,ii.li.ln.r;. Plur6-Wl• Plani.. 36 208-212. 

~, K. 1974. S~UA /LU~ o/ Al3A and CD 2 l,c,n. iM. mo®­

lati..on o.J domaf.al. .co~ .i..n. Xani.h.uun ~. 

~, K. 1976. flnw d.omaia 4UOi.vL ~ cli.b.mma o/ Of(X).6.UUJ f11,-LO/l.i.ii~41 

Plul.. T /l.aJUJ. 1<. So.c.. Lond. B. 273 551-560. 

~n, H.,fl. & ~. fln.µiA.a. 1969. T~c.at.i..on. and A.L41CJ.!J.·t..1zaii.on. o/. 
14c ~ af. cliJI~ ~ tv- l.aCA l.eaf o/. ik w'l.Uli. plani.. 
Aud. ;. lii.ol. 5.c.i.. ?f.. 321-31. 



. ' 

103. 

~, DJ1., UwZUA, A & B. f1 . I~. luvwR.J;. 1969. ilJ.L ~ffec.u o/ /,lnod.uu,; on. 

1M. vr.po/li. o/ ~ /Mm ilJL Moi lo ih.e. di.ooi. 'P.lanl.a. 89 

376-379. 

lti..c.hmand, A & A. Lnn.c;. 1957. cf-.j.Lcl. o/ h..i.n.d..i.n on. (VU)h..i.n. conl.ud., and 

.oWU.)i_va/. o/ ~ x.aniJuwn l.e..av.u,. s~. 125 650-651. 

Fc~,L.J., S. Shdi. 0t P.J. ~odl,J.U'l.. 1966. J~ Loc..ali.zai.i.on. o/ 
rruu..ial.onai..e-acli..vaLuu:,; m,;m-e4 i.n rJ,ani. .c.el.14. Nai.wu 240 98-101. 

Rou.i.h.i;, D.~. 1966. 'PM.li.n.e. ~n. .in. wi.li.ed 1adi.n.o .clouVl. b.ave-6. 

uwp S.ci.. §_ 358- 361. 

'Rc!,..vu,on., 'P.fl., 'P. r. f.;)~ & T .H. T /wmac, . 1963 . J.c0.lai..i.on. o/ fu 

.i.nJi.d.d.o/l. Ua/Uj--UU) wd/2. plwloruvuod in A.cvz. ~~ • 
Nal.wu.. 99 875- 876 . 

Sanddedi, R.. 1971. G;lohi.n.i.n. acliu.il.i; dwu.ruJ d.evd.orm,enJ o/ coiion. /AJ.J-if.. 
P~L. 'Pl.ani. . 24 408-4 10. 

Sani.wz..i..ue, X..A • 1967. ~ n. o/ C1J2 NAJJ'P, and~ Aecluciion. and , 
l[T'P .al~ m i.rt1ad. Lea/ c.e1h, in ~n. lo waivt conkn.i.. 

'P lanla. 7 3 228- 24 2 . 

Sali.VL, 'P.). & J .c.. ~ock. 1967. Uwf2 ~fl./.)L lo ~ ai. d..i/-f,vte.ni. dapu, 
o/. CJAOwf./2• '&6. Re» ( 2) C.Omm, Z3wz.. lw/li. & Planl.ai..i.on. aA.O(Ul. C.Onun 

~. Bwuwux.. 
s~, J>. 'F. & R.. H. 'Pou.loon., 1968. 73.i..o~ du~ on. ilJ.L [J()-64.i..t.1.~ 

mod.L o/ aclion. o/ d .oe.i..-6.i..c aud : an.~ all.odvu.c. ~n. 

.o/ i.nu~ aci.i..u.Lt'I. Jn. ' r. W.u)Jman. & ~- S.ei.fvt/.u.ld. &:Lo. &..o­
.chem. and ~L. of. rJ,ani. (}IU)wf./2 . ~. f/2• 1581- 91. 

S.clwiand.VL, 'P. r. & 11..T. 11.amm.e.J. , c..lJ. t~ & c..A ~. 1965. 

SU(l ~ in uMCul.aA µan.u,. Sc..i. !!:! 339-46. 

Se.oil, A.A. & J.l. u.u~. 1956, 'P/tDmoLlori c/ Lea/ ~n J.i;. lwu.i...i.n. 
and .8.cizJ~-~. Pl. 'PluJ-6-i.ol.. !.J.. 321-322. 

Sdman., ).W. 1964, TIJ.L qµd. o/ lwut...in. on. .i..n/~ciion o/ ~ and i.omai.o 
~ied w.Uf. I..WUJ.4. AN no Ar1/,J.. '&..o.l. 53 6 7- 7 6 • 

Slw.wnan, L., ).D. c.adi..n., & C.lj.. Su.lli.van. & l.). ~. 1972. 

Gvi/.c,n. di.cx.ick ~ in ~ ~ 40~ •. • ~ Su. 12 

406-409. 

Shah., C.l3. & A,S. loorn.iA. 1965. J?.i..t.onucl.uc. aciL1. and p,wi.wi m.dat.ol..u. 

in 4WjGA t.e..e1. d.wu.ru; dA.our;Af.. 'Pluµ,.i-o.l. 'Plani.. 18 240-254. 

ShcAi., l<.C. & ). ~. To/Vl.l!.LJ• 197 2a. G;io~ i.n -t.eedli.ru; /W()t.o o/. p.ea. 
J>l.. 'Pfuµ,.i..ol.. 49 155-160, 

Slw4'., X..C. & ) .~. To/VUJJ• 1972/,.. G,i.oh.i.n..i..n. rvuxl.ucii.on in ~on i.o 
iM. (jMwiA .o/ f'U'D /W()i ~ ~,~. l• CXf• &t. ?!_ 1099-1105 • 



101.. . 

S.uu:Ji, T. N. ,. D. ~ & L.~. Palu,; . 1973a. S~ m.el.aJ,oLu,.." JJ 

Ouvupu, .in. rvz.o.li.n.e co~n .in. ~ t-d.ani Li -6-oue--o. A.i.t-d. 

J. &.ole Sc.i.. . 26 45-56. 

S.uu:Jt, T.N., iJ. ~ & L. r; . Ped.et;;, 197Jt. S~ mei:.al,o.Li.un JJJ 

V atu.ai.i..on-6 .i.n. .1z..e.6pon4e io u:oleA cL.eµ.cd .in. fu ~ f2l.anl. Aud.. 

). 73.i.ol. Sc.i.. . 20 65-76. 

S.iil.on., D., c. Ji.ai.. & H. KencL. 1967. ,~! CL;iolun.i..n. {l/LOdu.cti..on. .i.n. 

the. /UJO.Ll cu a . f.aci-o/l. .i.n. dwoi ~. P.lanJ.a. 73 296-JOO. 

Skene, X.. <;. fl. 19 70. T /2.e_ ~ ~ ~-:we.en 1/2.e Rf/ .e.c.lc, o / CLC. on 

/l.001. rrowf.h. cu-id. .c1;f.o!-wu..n. .l.ev.eh, .i.n. i.h..e ~ .6af2 o/ V.d.i-6 ~ 

L. ;. CXf• Bot. 21 418-431. 

Slu.n.e, X.<;,.fl. & <;. .fL. ~<f€-• 1967. [//eel. o/ /l.Ooi ~ on 

CJJf-olwun. acli..vih; .in. /l.Ooi .ex.udai.e of- V..i.l..u, ~ L. PL. 
Pluj-6i-oL. 42 1131-113 9. 

Skene, X.. fj.. fl. 19 7 2. u;f.-o~ .i.n. 1/2.e x; j-1..em .6af2 o / ~ ui.n.e C-an-1!A : 

~ .i.n. aci..w.d.J; ~ .cold .do/l.(Jf;e.. P .lania 104 8 9- 92. 

Sken.e., X..~.fl1. 1975. u;f,olu..run fl/LOd"cii..on LlJ /l.Oo.U cu a /a,ci-o/l. .in. ihL 
c.oni/l.01 of plani. (j/WL,»i.. Clwp. 17. Jn fu deve.l.oprn-enl. and /.un.cli.on 

o/ /l.00.Ll • &u. ) .~.To/l/Ulj; & .• D.T. Cla/lMxm. 

Sh.i.rvuvz., <;. & W. Sluv.e.. 1955. S~ o/ ,o0m.e 6-( 4uf.d.i/uied) ~ 

and ~ .i.n. the. .ll.ai.e o/ ~ ~n. • PL. PJu;4io1. 33 

190-194. 

Slw.o c;, 'F. & C. 0. fl.i.llvz.. 195 7. ~ /l.P.LJU-l.al.i..on o/ cr,owf.h. and O/U)£Ul. 

/,o//JTlcl.i..on .i.n. [d.ani. Li..-6-61.teA cu1.1wz.ed. .i.n. LJ.i.iA.o. Jn :&.ol.oc;ical- acli.on 

o/ c;r-owi.h ~. S'J"lf• Soc. &ri. Bull.. !.!_ 118-1 J 1. 

Slwo9, 'F., 'F.fl. SiA.oru;- & c.o. f'li..lleA. 1965. u;f.o~ , Sc.i... 148 

5)2-533. 
SlaL.Jf!A-, A. 0, 196 7. Al.ant waiM /1.e.LaU.O~, ~ 360, 

S.l.attJVI-, A.O. 1968. Plu;--oi..o.lor;;J-cal. .o.i..c~ o/ i..n./vuud. wai.VL llLl.ai.i.oll.4 
.to rA.Of tJ.ielcu,, &u. ).D. c.adi.n. d. '!:!:.• 

Sl.ai.iJRA, 1~.o. 1972. Th.R. ~j..e.ci. o/ ~ .da1.u--o on rJ-ani- <JIU>wiA, d«nel.of­

mcd. 1 and tJ-i-e-ld • t /l.Om : p 1mii. 4'U>/10Tl,ol!.,6 .to c..li.m.ai..i.c /.acf-o/U)• p /l.OCe 

o/- tA.e. ~ SlJDl(l. LLNlSCO. 
~, L. & S.T.C. W/1.--Ujif. 1969. T/2.e Rj.µ,ci. o/ lun.d.i.n. on /l..l&)nucL«a4« 

curl flu,~, ~ and ~ hue'-4 .i.n. cLetaclu.d w'ie.ai. l«an«-6. 

Plu;J.-odwn. ~ 1629-1640. 

So~, c.., D.S. Tz.ou & c..C. ~n.. 1966. At4Ci.<>J~ hue.Lt, and -6.e.ul. 

d.o/lJTl,Qn,CJ;. P 1. P luµ,-ioL. ±:!_ 144 3- 144 7. 

So~, l. & D.S. r ?JJu., 1971. r Ae. rn.ei.a&).li..un. o/ h.ollmOn.u ~ ~ 
d.o/UTlQ/'1,CJ;, Al, 'Plu;oJ.,ol.. 4 7 516-520. 



105. 

5.1..ead.man., ).A. & L. S.equevza. 1970. M..6Ci.-<!>.ic aci.d -i.n f.c.tacco ~. 

T .en.i.aLwe.. ~n and .i..U ~n f.c .dunLi.ru; .induced 4 
P ~,noruu, .t.o.l.an.a.cvu.un. P 1. Plu,J4io1. 4 5 6 91-6 9 7. 

Si..e..!.tvi, D.A. & W.N. La.eiAcA. 1965. IU.n.din. .i.ncluc.ed cAlo/l.O~ mai.wta­
.li.on -i.n c.uli.wZ£o o/ f.cf..acc.o l.i..44t1.e. Su. 14 9 1387-1388. 

Sf.c&vd, A. I<., 'P. n. 51!.el<)IU; & 'O.R. TlwnuM. 1972. Th.e. 4/ect o/ lwu.Li.n. on 
c.Jw40flu;ll .&~ .i.n a,;e--uu; .eiiolat..ed .t.aAl.ei; ~ 2.X(X>-M£i f.c 

Lu;;Ji1. Plu;f.och.eni.. !!_ 5 71- 7 7. 

5/UVad.ava, B.).S. 1968. A.c.c.e.bJi..ali.on o/ ~ and o/J.h.e. ~ 

o/. dvz.omalm a~c.wi.ed. ~ .i.n .ex.c.i.~d ~ .bm>.e,i; 4 ai.6c.i.-<>.i.n 

and ili /l.e.VVl.-6al ii; I~. B.i..oc.lwn. B.i..ofluf6• A.ci.a. 169 534-6. 

Si:A.e.et, Ii.[.. 1969. tac.i.o/l..6 ~ i.h.e .i.n..d.i.ai.i.on and aclw.d.y o/ 

~ .i.n /1.0oiA. ff• 20-4 1. .i.n /l.Oot c;r,owf.h &i.. W. J.. Wh.d.liJu;i.on. 

Suicl.L/.J,e., J. r., 'P. D. /Ltz.ch, P. A. Wji;eil, D. ).. p~ and A. 5.vd.on. 

1969. ~ duuuj'!A o.c.cu/UJUJ ~ the_ d.e.u.e.l.opmud. o/ & d.6Ci.M>i.on 

Z.Otu. o/ [.ol.e.uc, l..1.wn.e,i. f. 213 .i.n 11 ~ , XJ Jni..eAnational Bot. C.Orur 1 

5Lail.le. 196 9. 

T a1, (1 & D. Jm.t.eA.. 1971. A&o/lJna1 .donuJ.al .t..ehav.i.oWl. and lu:J.1UT1.0nal .i.m-

.tal.an.u.. -i.n .JJ.acca, a wdi.J; nudan.t f.cmai.a. 3. Ho/U1UWnal e.jfaciA on 
~ ~ ~ .i.n & rdanJ:.. PL. 'Plu)4i-ol. 47 849-850. 

T aliw, f'l . & ~. 1975. {j/.eci. o/ cd<>ii.-<!>i.c aci.d on 1/2.e. ~l-UUJLi.on 

o/ Zea ma114. Plu;-6i.olo 'Pl.ani. . 33 66-70. 

T a.JXJ/UU>, ). H.. &nde. 1970. Th.e. .ej/e.c.iA o/ k.i.n.d..in. on rvwi.un. m.eiatoLi..am. 

.i.n ~ c.o/U"l ~. Plu;J.och..em. ~ 1763-70. 

T a<p//..1 H..(1. & L. 7- • l<.allij / . 196 9. l~oi d.oruplion ~ o/ coif.en and 
~ M a .p,ui,c.Lwn c /. 40.i.J. .dA.uu;f./2. arul. .oo.i.l. wal..v,. c.oni.vd.. Sc.i.l. 
Su. 108 113- 9. -

T wJ-l.o4, H.. r. & R. 5. &vu1.e.n. 19 70 • Xnn.tAc xi.n. I a ~ ~ o-C.C.U/l./U.TUJ 

flani. <j/WwfA .i.nJu.t..do4. Nal..wu!.. 227 302-304. 

T .i..nh.Li.n., ).C. &. W.W. 5~. 1970. lai.eAa1. l,.uL d.o/lJTlQn,Cj; m i.Ae. .1.1.a.ch­

.c.wvumi. ~ rw,ruun L. Ann.. Bot. !±_ 961-706. 

Todd, J..W. · 1972. Wai..eA. c/4,i..ci.i.6 and. ~ acl.i..L>ii.lJ• t/l.Om 'i.xd.vt ~p..cil.-4 

and f2Lanl. ()40wth.. Vo.l .!._ &.L. T.T. XD:dowtJu. 

T 0/l./LeJJ, J.. ~- 1958. &u-.Loge.nol.'4 t.ud. and. /WOi /,oJUnal.i..on. 4 i.Aol.abd. /WOLt, 

lJ/- UJIW().l.u.1.UA <J40Wfl. .i.n u.i..hw. 'PL. Pluµ>i.oL. !:!_ 258-263. 

Van. 51.atun., ). 1976. 5.e.atJ1Jna1 .chan.c,;e,o .i.n. & qi.o!un..i.,i c.oni:.vd. o/ pthgo 
t..il.ol,,a .lea1111J4. 'Plu~L. Plmd.. 38 1-5. 

Van. Si:al.ui.,J.. & J..c.. 'iJQJJl!.J;. 1976. G;J.o!u.n.i.A iA.and..oc.all.on.: ~ .i.n. 

z,al.in. and. uah'n. /L.i..&o.oi.cl.4?. fud-6 .i.n. i.luz. IUJ.Oi. ..xcidale o/ i.omaic ~ 
~ ikLn. deudopmud.. 'P.lania. 130 69-72. 



106. 

Van 5.tade.n., J. & P.F. {JQ/l.U/Uj. 1972. Th.e .ejµ.cl o/ plwio~ on. levei.-0 
o/. .endoc,;e.noU6 c.t;iolwu.n.o .i.n. Xaniluwn ~. Pfuµ,.i..ol.. P lani.. 
27 331-337. 

Van. OLJ~, J-., ).l. l.o.ej/.1..eA. & fl. J. ~n. 1967. lJo/UTUJl. .i.nh.d,.i.l.o/l. 

o/. pLan1 DNA ~~. Sc.i.. 156 14 97-1499. 

V ~, A. 1964. lJo/llllGfl.CJJ .m k,;Juvt ~. A. 1kv. P 1.. Pfu;4i..ol.. 15 

185-224. 

Ww;;nvz., H.. & ~. fl.i..ch.e.a1Q 196 9. G;f.o!un.i.n. .t.irl.wuj .m Wwz.z.el.n uon. Sonn.en.t..l.unut 

Natww~. 56 379. 

Wal.dA.ui.., R. P. , J-. 'D. T iW/l-e. c°S. lJ. cJvz1.eA. 197 4. Cluuu~ .m .pz.u_ pw.li.n..e 

con.c.eniAali..on. .i.n. -60/U")uun and -60~ ~ und.uz. µeJd .c.ond.i.i.i.on.co 

CA.op Sc.i.o 14 447-450. 

Wall.on, D.C., So;zp., ~.S. & So~, l. 1970. Tiu. .e/~ o/ aloci.~c 

ac.i.cL on. <)Mwih. and nuch.i.c aci..d. ./:,l~ .i.n. ,ex,c,i,-4e,/ ~n..i..c le.an. 

ax,e,60 I p L. p /u,;4.i.oL. 4 5 3 7-40. 

lJal.i.cn, D.C., M.A. ~n. & P. C.Oi..e. 1976. Tiu. ~ o/ ~ ~ 
on aloc.i.~ c acid andnud.al,o.lu,m .i.n. Moi.-6 o/ Pha4e..o.lut, ~ L. 
and oilivl. ~. Pl.cvJA. 131 141-144. 

Wcvu:Ll.ai.v, J.. /o 196 7. T hR.. .ej./..e.cl. o/ ~ ~ on ~cal.i..on. .i.n. 

~n. to phoio..oL~ and (J/1.0wih . 1. lf..e.c1. d.wwu; ~ d.e.vdop 

muii. .i.n. i.di..eai.. Au.d.. J.. &ol.. Sc.i.. 20 25-3 9. 

Wwu:1.1.ca,.,, ) • r. 196 9. T hR.. II e..ci. o/ ~ ~ on ~c.alwn. .i.n. 

/U!.1.di.on. lo p/2.oio..oL~ and <j/Wwih.• 2 • l/f..ec.i. d.wwu; fu/ duJ.elnp 
m.e.ni. io Lo.li..um icnuLeni.um L. Aud. ). &ol.. Sc.i.. 22 1-16. 

WQ/l.UJUJ , P. r. & P JI. lht.i.rLcOn., 1964. CAem..i-cal. natwi.e. and .t.i.ol.o~ 
(lM~ o/ the. .i.nlul,.i.l,.o/1. Va/UJ-UVj wi.1.h pfwlo~ .i.n. ~~ 

( ~ p.t>eud.o~). Plu;o.i.01.• 'P.l.ani. . !J.. 314-323. 

Wtvl.UJU/, P. r. & P. r. s~. 1911. 11.o/UTlf)n.e,6 and d.o/UTLa./1.Cl;. A. ~. 

P .l.. J>~L. 22 261-288 o 

Wtvl.UJU/, P. T. & A. I<. S.d/2.. 196 7. Atjwu; and ~ .in. i.h.e. idwh.. 

rJ.anf.. SlJRl(l• Soc. C-xf• '&.oJ.o ?,!_ 543-558. 

WatiA, w. A. 1914. Lu4 ~n. .m Zea flcuµ • JJJ r .i.Jd. ~ 
o/ b.a/ ~n .i.n. ~n4e. lo ~ and .ua/- wai.eA. pof.uii.i.al. 

). exp. Bot. 25 1085-1096. 

W~, P.l. & ll.D. ~. 1962. A 4£-~n o/ ~ /l4La/-i.JM. 

i.wuJi.dd'I i..e.duu.qu.e. l,o/l. ~ wai.eA cJ..4i.ci.i..6 .in. ha1JLQ. /u,id.. 

). 73.i.ol.. Sc.i.. E_ 41 J-427. 

WkWVl,, A.~. 1963. lloe o/ lwu.n. .in.~ /U!4f. .i.n. tuclo o/ ~ ui.n.i..J.wi 
L. Nal.uA.e. 198 201 .. 208. -



707. 

W.e.avvi, R.. j.., Van. Ov~, J.. & i<. f1 . 'P.o.ol. 1965. Jnducii..on .oj. -puu.i 
4ei. m V .i.i.u, ui.n.iJIVUL 1=... Nai.wi.e. 206 952- 953. 

W~, C & fl-. Vaadi.a. 1965. Ki.n.d.i.n.-LiAe. acl.i.v.d'I m /l.O.ot ~ .o/ 
~we/1. r...1..ani.6. Lije Su. _± 1323- 7326. 

Wlui..eman., p. c. & r;.. L • w~ n. 196 5. T /2.e. e./ .µ.cl.a O I i.ril.vt. ~ .on 

iAe. /l.e.{VWd.uc1..iLJR. dev.e.Lopmud .o/ b:J/Uju.un vul<;JM-l--. lln.i.v. ~ 
D~. &t. 14 233- 23 9. 

W.o.o.ll.et;, lJ.J. & P.'F. W~. 1972a. Tlie. /LOU o/ /l.O.oi, CIJi.oh..ut.iJu, ancl. 
aru,cal- d.o~ .m ik c.on.iA.ol .o/ 1..al.vud dwoi µ>/l/Tl .i.n. Solan.um. 

.i.nclu;ena.. Alan.ta. 705 33- 42. 

Wooll.eij., D.J.. & P. r . Wa/Uu.ru;;o 1972/,. . Tlte. ~n .t.eh,ieen 7Wwili. 

pwmol.vu:, .m Of uc.a1 doflU.fUJflC.e. N .ell) P fu;f..ol. 71 7 8 1- 9 J. 

W.o.olh.t;, lJ. J-. & P. t. WaA .. IUfU) . 19 7 2c.. T h..e ~n. tdi,ie~n r;r-owili. pwm-

.()~ .i.n. ap.i .. c.a.1.. d.om .. i.nanc..e . JJ N.tUu Pfu;f..ol.. 71 1015-1025. 

WA.i.tJii.., S.T.C. & lUJ.P lwwn.. 1969. (+)M~ a.ci.d ,iAe. c;r.owili. 

~/l.. .u ul.uc.ed .i.n. cLei..acA.ed i.ea.vR...6 .o/ wlie.ai. ti; fU!A-iod. .o/ ~ 
Nai.wte.. 224 719-7 20" 

W~, .S.T.C & 1~.iJ.P. 11.uz.on. 7970. T/2.e. ac..cumul.ai.i.n .o/ at.-dC.i.4-i.c. a.ci.d 

.i.n. ~ dwz.i.n£;; w ' fti.ru; and. und.eA oi.luvi. ~ c..ondi.i...i..on<>. /2• 291-

298. Jn. ' Planl. 7Wwf.h ~ ' &l.. D.J.. UJAA. 
W~, S.T.C. & 1<.W.P. 1973. The /l.Oh. .o/ ,lj1d.o~LJ.4 at..~c.uic ac..i.d .i.n. 

lh.e.. IUU>(JOn4e. .o.J ~ f.o ~- ) • .o/ &p. & t. 24 769-81. 

(fa.dud.a, R.. T. & T, Cki..i.nru. 197 2. G,i.olun..i..n. ~~ .i.n. /l.OOU o/ ih..,_ 

/UC£ ril.md.. Pl.. and. c..ell Pfuµuol.. !}_ 337- 3430 

lj.odwia, R.., T. Cki..i.nru & A N.i..du. 19 71. Ki..n.e..li..n.-1..i..h.e.. / acioM.i .i.n. i.lut. 

40.oi. e.xu.daf.e. o/ /U.Ce.. ~. Plo and u...ll. Plv.µ>.i..ol.o E. 89-94. 

Za/..odal, T. j. 1974 , A ~ ptJi..eri.Li.al. tJ~.td f.o"- .tk,. ~ a/ 
at.~ aci.d. .i.n. k.ai;.e.6. Pl., Pfuµi.,Lol.. 53 125-127. 

Z,e.,e.WICJAl.., ).A.D. 7971. (+)M.oc.ui.c ac.id. c.on.t..ni. c/ ~ .in ~.ion 

.to plwi.ofU/UOd. an.cl. i..clvL ~. Pl.. PfuJ4io1.> 48 86-90. 

l.i.xvz., ). A., W. &.ti.om..le.1; & N. P. l<.ej.j.oNi.. 1963. l<.i.n.d.in. ~ pwm 

Planl. ~. Aud. j.. B.i.ol.. Su. 16 407-415. 




