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CHAPTER URE, LITERAURE REVIEW
1o 1s INTTODUCT TON

Jn the tiving planl, walei occuns in many slales; waler of
hydration and inbibilion in colloidal phases such as cell walls,
osmolic walen in vacuoles and in phloem and hydroslalic walen in lhe
xylbem, Walen is involved in all physiological processes of the pland,
Plant waler slalus is a highly dynamic parameler and is influenced
slrongly &y soil and almospheric condilions, Jt is nequlaled lo dif}-
enend degynees in difjerent silualions and wilh various species by
physioboyical jpnocesses,

This aeview wili be confined muinly Lo effects of waler slress on:-

a) Several mujor physiological mocesses affecting growth and

develojment ,
£) Two main hormones (atscisic aeid and m}ia/e.inm} and lhein
imporlance in pland responees,

c) Grain yield in cerlain ceneals,
7._2. Development of inlennat walen d&/&uf‘é

Waler deficid (stress) <is defined as lhe slale a pland enlens when
the waler polential pusses the zeno mank and becomes negalive, Scholanden
e_i.a_{.(?%ﬁ) slaled thal the walen polenilial in the xylem of muny plants
i negulive mosl of the Limes. The aclual walen jolential values depend
on the Luwo main jaclons: a) the Level of the swil walern polenliul and
L) the ditnnat bay of atsorplion oven lranspinalion, Cach of lhese faclons,
4in Lunn, 4o dnjluenced Ly olhen jaclors bolh environmenlad and physioloyical,
Soid walen polentiad is neduced proyressively duning a period of droughl
and there s a concomidand drop in Level of plant waler jolential i.e,
jlant waler polential cannol be higjher than soil waler jolential. Hence
there is a base Level oy plani waler polential and internal walen deficil
which is Liniled by the Level of soil walern polential, Superimposed on
the daily rhylhm of iranspiralion and absorplion (Slalyer 1967).,
1.2 14 Paramelens indicaling plani walen slalus

The paramelens commonly wsed Lo irdicale the degree of walen slalus
in planis are as follows:-
a) UWalen polential (F) is now accepled and used as a basic measure-
ment, JL ié expressed as energy per unil volume and wilh the




(ii).

ABSTRACT

Plants of Songhum bicolon L. [oench R.S. 610, a hybaid grain variely,
slages :-

(i) Lale vegelalive slage (ii) Bool o Lloom slage

(iii) Dough stage.

Water slalus of the plants was measured by pressure bomb and Wealherly
and Barn s’ method, Both p inkibilon and cylokinin aclivily in Leaves
and nools wene delermined by tuwo bioassays a) wheal coleoptile and £)
radish colyledon nrespectively, The bioassays resulls were expressed
M(:)MMW&MW»&W;.

The nesulls indicaled thal changes in Levels and aclivily of ABA
and cylokinin occurned .in response to walen stress, ABA Levels in Leaves
increased rapidly up Lo 13 fold Jrom the control o the maximum siress
MM&LMWM:K[M&/&&A) while ABA Levels of Lea)
samples from the lhind sirness cycle only increased Lo 6 fold al Lhe
maximun slress period, Jn the nools , ABA Levels did nol increase

@Io@unmn&n&m&oiﬁhamam[mo&aﬁanﬂqt&hiaﬁu&;
quantilalively in nesponse lo severe siress. There was a general decline
in cylokinin aclivily as the magnilude of slress increased., There was a
shifl o) eylokinin aclivily in peak 2 lo peak 1 as the siress periods
prolonged.,

Grain yield, in leams of grain weighl and grain number, was measured
for the three siness cycles, The resulls showed thal there were tuo
‘enilical’ slages when songhum planls were susceplible to siness thal
is a) Late vegelative 1o early bool slage and £) during injlorescence
development and Jloweriny period,

The involvement of abscisic acid and cylokinins in the planl’s
adaplalion Lo waler slressed was discussed,
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chemical jolenlial of jure walen al almospheric pressure and the same
Lemperalurn: as the neference poind (Slalyen 7967}.@‘-&'.4 the sum of the
component jolentials anising from the effecl of solules (gg},of fressure
gjwm&{@)miﬁd B B _

L=y, +¥, +¥,

L) hoidbive waler conteni (IWC) is the waler content rebalive to
the walen conlenl of the same Liscue al full Lurgor (afler floal-
ing on waler Lo ’'conslant’ weight,

c) lissue walen conienl on a percenlage of jresh weighl.

Boih KL and Lissue walen contenl sujjer a majon shorlcoming thal is,

b lh panamelers are nelalively insensilive indicatorsof mild stredss (Barrs
1968)

Mikd slress is considered Lo entail o Lowering of plant () Ly several
ban below cornresponding values in welk walered planls unden midd evas~
ornalive demand. (loderale stiress rejers to a Lowering of (¥) Ly mone
than a few bar bul Less than ~12 on ~15 ban and siness would be sevene
if (4 ) <6 Louwered mone than -15 ban.

1.2,2. Problems in walen siness ludies

Sdalyer (1972) nechoned lial a clearn and quanlilalive unde slanding
of walen ciress efjects does nol exisl, ofjering several reaso. s for inis,
Firnstly, walen slress afjects atmosl all biophysical and bioch. nical
[rocesses, so lhe inleyraled effecls on growlh and develojment are
extremely complbicaled, Secondly, land walen slaius is a high 'y dynamic
paramelen, strongly influenced by soid and almosphreric condilinns,
Finally, plant walen slalus constilules a difficull paramelen io control
expenimeniatly,



7.3. WATER DEFICTTS AN PHYSIOLOGICAL PROCESSES

The effect of waler slress on such key processes as nutriend uplake,
carbotydrale and prolein melabolism, and translocalion of ions and mela-
boliles is closely Linked wilh lhe effecls on plant development. Jn
Lunn, the effecls are afjecled by olher processes. ton example, rool
develomenl afjecls the size and characler of the absonbing syslem for
minenal nulrienls, shool devefoymeni has a dinecl feedback on the rale
o/ carbohydrale and prolein melabolisnm.

Waler stress affecls the growlh and developmeni of planls in various
ways, direclly and indinectly.

1.3.1  Waten deficits and planl development

The growth and develbopment of a plant depends on conlinuing cell divi-
sion ; the progressive inilialion; differentialion and expansion of the
cells until the charactenistic foam of the plant is realised (Slalyen
7969).

(A) Cell division This process shows a marked sensilivily io
walen stress, i} slress is sevene and protracted. Fon example, cell
division may conlinue duning stress al a much reduced rale unlil severe
conditions occun (Kinkham et al, 1972). Cell division is refaled to cell
size and cell numben, (ardnen & Nieman (1964) found thal DNA increments
fen colyledon of ralish were neduced Ly more than half in the presence
of -1 to =2 bar manriltol solulions duning luwenly-eighl houns; Lilile
Jurlhen reduclion occurred with a Lowerning Lo =16 £an.,

Jt is uncentain if the stress effect on cell division is dinecl; the
effecl can bejwssibly via supessed cedl expansion, There is a poossibilily
also of chunges in growlh regulalors laking place during prolonged siress
and thus afjecting cell division,

(B) Cell enfangement This is the olher essential component of
growth and is affected al very slight stress Levels (Hsiao el al.1970)
and is usually the finsl observable symplom. Jn some species, cell en-
can be inhibiled by small diuwnnal deficils thal occurn even wilh well
walered plants on days of high radialion incidence (Boyer 1968 ).

Boyen (1970) demonsirated that when Leaf W daopped from -2 Lo ~4 Lan,
Lea) growth was inkibiled by al Leasl 75% in coan, soybean and sunflowen
in controlled growlh environment. Pholosynthesis per unil leaf area
was only inhibiled Ly 108 in corn and unaffected in the olher luo species.
Boyen (1968) suggested that Lilile growth occurs duning the day when




4.

Lea) P is rarely dbove -4 bar even in well walered plants; growlh occuns
primanidy ol nighl and this appears lo depend on the Length of Line lthe
Leaf remains al high fw. Boyer’s nesull differs from Wall’s necend
Linding (1974) which shows thal Lea) Y above -8 on =9 ban had Litile
appanent 2ffect on extension rale of lea maysduring vegelalive slage
in the field conditions. llatt concluled that the main neason for the
appanent lack of sensilivily is due lo Y gradients within the Leaves.

A progressive decline in rales of cell enlangemenl is expected as
waler deficils develop, wilh enlargemenl ceasing when lurgon pressure
extend the cell wall and aleo requires a gradient in ¥ to bning walen
inlo the enlanging cell, This enlanyemenl needs turgon Lo be above a
méinimum before irreversiile enbargemeni occuns (Green el al,1971).
For napidly growing vegelalive plants, one of the first effects of
droughl is a reduced rale of growth by enlangemenl. The effect of ned-
Jn general, cell enlargement appeans lo fe monre sensilive lthan cell
dinision (Meyer & Boyern 1972) allhough /{i/z/z/aam_f_{.il.(???é‘) found an
eanly effect of osmolic swlulions on cell division.,

The effecl of waler stress on the malure Lissue or lthal approaching
maltunily, nesembles thal of hastened develormenl, nesulling progressively
in prolein hydrolysis and breakdouwn of normal cell funclions, This
haslens which is inrnevensilile, jon plant lissues are unlikely
Lo necover from a jeriod of slress.

(C) Hool developmenl The ovcrall growth of the nood syslem on
ils increase in weighl is delermined Ly the availabilily of assimilale
Jrom the shool in the vegelalive slage wilth growth regulalons being of
Lessen importance (Sineet 1969, Halnick & Bowling 1973). The sources
of this assimilale are the lower Leaves on the slem (Rawson & Hojstra
71969), and of that assimilale translocaled to the nools, possilly fess
than one third is weed for yrowth; the balance is nespired (Hatrick &
Bowling 1973) on exuded into the soil (Barker & Gunn 1974).

Rool growth is relatively insensilive to decreasing Levels of soil
water polential in the range down fo =4 Zo =7 ban bul below this point
there is a manked nreduction in most species of plants including cereals,
cotlon (Taylon & Ratdif} 1969) and coan ( Gingnich & Rusedd 1956).
Lawbon (1973) found thal growlh of wheal rools slopped al =10 banr.

The effects of water siress on aool development include a neduction in
rales of meristemalic actinily and nool elongalion and suberizalion <o
affecting the water and nuirienl uplake properties of Lhe nool system.




5.
1.3.2.  later deficils, pholosynithesis (P/S) and carbohydrale metabolism

The pholtosynthelic capabilily of plants is deleamined primenily
Ly the lolal Leaf area and the acltivily of each unil of Leaf. llater
Mm/mu&c&h&cﬁwﬂbﬂb&wﬁe{{eﬂon(?ﬂf} and on a runben
of intermediale componenls and processes.

Jn general, nel (P/S) is neduced [ogressively Ly walen slress, and
negalive values may develop when siress is severe. This response is
medialed pardly Ly way of Lmpeded (0, supply following stomalal closure
and pantly by a direcl effect of dehydration on the (P/S) system Boyen
& (ephenson (1975) showed that at (LWP) of =18 to =20 ban, the (P/S)
rate of maize was 157 of the controls. Doyen (1970) showed thal in coan
slomala appearned lo MW}W(M{EWMu-3.5
ban. Fon soybean desicealion had no effect on stomala until Leaf
decreased Lo -11 ban,

Non-cyclic pholophosphorylalion, cyclic pholophosphorylalion and
electron transporl thwough pholosystems] and 2 are neduced at Leaf ¥
below =10 bar (Kech & Boyer 1974). Jn addition to the effects of fLow
Leaf & on the pholochemical portion of (P/S), there arne also changes
in some of lhe enzymes of the ’'dark’ reaclions, Ribulose 1,5~diphosphale
carboxylase aclivily is reduced when assays are performed on extracls
from desiccaled Leaves (Huffaken ei.al.1970; Johnson et.al.1974). How-
even, none o) lthese sludies demonsiraled an effect larnge enough lo accounl
complelely jor the inhibition of P/S in intacl Leaf (}om 71973 ; Johnson
el.al, 1974). Phosphoenobpyruvale carboxylase and ribulose=5-phosphale
el.al.1970; Shearman el.al,1972).

Thus, there is a yeneral inhibilion of a nunber of processes of the
Light neactions of (P/S). Boyer (1976) seems Lo think thatl the rates of
or perhaps a combinalion of effectls according o lhe condilions and the
species involved,

The availabilily of suilable sinks for assimilales also influences
(P/S) such that (P/S) is greally reduced when assimilale ulilizalion
4is impeded, Duning stress, assimilales probably accumulale al siles
of (P/S), since Lea) enlargemenl is restricled socner and to a grealen
degree, Wandlaw (1967, 1971) examined this in wheal and concluded thal
allhough Leaf (P/S) was not affected until growth rate had been reducec,
there was no ewidence of sink size directly affecting (P/S) rale. He
jostubaled that the Lack of suilable sinks coukd retard (P/S) unden
appropriale condilions,
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(B) UWaler deficils and respiralion This effect is difficull
lo delermine; partly il is a probhem of dislinguishing kelween dark
nespiralion and pholorespinalion and hence in measuring pholonespinalion.,
Part of the difficubly is due also Lo stomalal closure and the possibie
differences in short leam and long lenm effecls, Jn general, lhere
was a progressive decrease in dark nespiralion of conn, soybean, and
sunflowen shools as walen siress increased (Boyer 1970),

The effect on pholonrespination is difficull to evaluale becanse (P/S)
46 proceeding al the same Lime. A complicalion here is lhe manked dep-
endence of nespiralion on lemperalure, since slomalal closure generally
induces a nise in Leaf Lemperalure,

Another common effecl of waler deficils on carbohydrale melabolism,
is an increase in wwcnose Levels and a decrease in slanch Levels, These
are associaled will reduced polysaccharide Levels nesulling Jrom such
Jactons as decreased (P/S) amd increased hydrolysis as well as reduced
synthesis, Hiller & Greenway (1968) conslucded thal reduced starch form-
alion was an indinecl nesubl of increased sucnose synthesis, rathen than
aa’.&lecieffecio,fdiduéondfaﬂc/l&/nl’l&d-&d.

763:3, Waler deficils, prolein synthesis and nilrogen melabolism

Jn general, lhere is a cfose dependence of Lthe growth rale of
developing Lissues and ongans on prolein synlhesis and especially
belween prolein syrihesis and RVA and RNA and DNA Levels, Nucleic
acids are of major imporlance in cellbulan development and any effecls
of waler slress on lhese compouncs would be expecled lo elicil manked
changes in lhe growlh response of plants.

(A) Prolein synthesis Shah & Loomis (1965) Jound thal both
soluble and Lolal prolein conlenls of sugan beel Leaves declined prog-
ressively in a mallen of days when waler was wilhheld, This is alirib-
uled 1o either a relandalion .in synthesis on Lo an acceleralion of
degradation, Nir el,al.(1970) observed inhibition of amino acid incon-
poralion in nool apices which had been air dried al a controbled humidily,
bul ondy if waler Loss was more than 30% of the onriginal fresh weight.

Dhindsa & Clelband (1975) demonstrated thal walern slress causes a
differential inhibilion of the synthesis of Avena coleoplile proleins,
wilth the synthesis of some proleins being affecled to a grealer exlent
than the synthesis of others.

Polysome formalion is slowed and breakdown oceuns duning waler stress.
This could be due either fo a direcl effect on Lie polysome 1/:mselves
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on on the supply of m-INA which is needed for polysome formalion.

Hoiao (1970) showed thal walen stress of eliolaled maize seedlings
caused a shifl from polymeric lo monomeric form of lthe nibosomes in
rapidly growing merislemalic Lissues ( a Loss of 104 of fresh weight

in 15 minutes). On rewalerning, the nibosomes reverled to the polymeric
form, Hoico suggesled thal slress effecls on prolein o L6 ane
mainly al lthe translalional Level because of the rapidily of the response
Lo stress and quick neversibilily Ly re-walering,

Sﬁw’l&.{oomi.o(?965),fowx£iﬁatﬂn4’xicon.tentpmc&ao/wgmﬁed
Leaves was reduced by severe and proiracted willing, while ‘WA Levels
Lended lo decline al fow stress Levels, They concluded thal ’NA synthesis
was impained as well as some degradation of RVA, Gales & Bonnen (1959)
altrnibuled the decline in RVA Levels to enhanced degradalion of RNA.
The differenl responses observed by various wonkers are probably related
in come degnee to the developmental slage of lhe Lissues and the melhods
of delerminalion emyloyed,

Jlai and co-wonkens (1967, 1968) have postulaled a hey role for cylo-
This view is based on lhe reduction in cylokinins in Leaves by stress
(mmfﬂjojwﬂonﬁeawofq?&d@w&ﬁoaw;m&
alleviale a parl of slress-effecled neduction in amino acid incorporalion
oa in Leal prolein conlent,

Jn rapidly growing tissue, prolein synthesis appeans Lo be readily
and nevensibly neduced Ly very midd waler stress, The dynamic responses
lo stress and siress nelease may be controlled al the Iranslalion Level.
Hoiao (1973) neckoned thal the basis fon the response is still obscune.

(B) Prolkine and olher amino acids Tolal jree amino acids in
Leaves often are incrcased if severe walen siress Lasts several days
Barneld & Naylon (1966). Amides jrequently increase (Barnell & Naylon
?966/M{Mumﬁmﬁem¢mm/udm0°alji 7968; R)u.tlzy 1966,
Singh el.al.1973a). Jn songhum ( Sorghum bicolor L.) Leaves of waler
strnessed field groun planits accumubaled proline lo a Level several Limes
grealen than in non-siressed plants (Waldre eleal.1974). Upon Leaf
nehydralion aflern siress, proline conlent decreased rapidly to pre-stressed
Levels, Proline is due to prolein hydrolysis (Palfi el.al.1966) and
may be oxidized as a source of energy especially when the carbohydrale
content is Low (Oaks el-al. 1970),

Singh el al.(19734) indicaled thal barley varielies which accum-




8

mmmw&amwd{_ejiommammwmn
and eneryy sournce for lhe necovery of the plani jollowing stress,

1.3.4. Wa,tm slress and enzyme Levels and aclivily

Todd (1972) Listed some twenty-five enzymes afjected by walen
deficils. 1he effecls of moderale lo severe siress on enzyme Levels
are as follows:

al. enzymes involved in hydrolysis or degradalion usually remain

al the same Level on increase ; lhey do nol decrease until
fairly severe desiccalion has Laken pluace.,

£). severe siress generally causes an overall decrease in enzyme

Level,

c). Levels of some enzymes involved in synthesis are decreased

and Levels of olhers increase.

Mallas cnd Paubi (1965) observed nitrale neductase decreased in activity
early in the drying cycle when Lillle change in feaf nelalive walen conlenl
occunred and al the same time nitrale accumulaled in the plants.
The Level of phenylalanine ammonia-Lyase was found also Zo decrease wilh
(Lardzik el.ak.1971), Haiao (1973) suggests thal because nitrale ned-
uclase and phenylalanine ammonia-fyase bolh have shoal hal) Lives and
nespond rapicdly Lo waler stress, and hence supmessed prolein synthesis
could account fon their decreased aclivily,

o ~amylase and ribonuclease in Leaves are observed Lo incrcase wilh
a modenale fo sevene walen siness. The junclional significance of these
dncreases remains obscune (Hsiaa 1973).

Some enzymes thal are involved in the pholosynthelic palhuay arne
mlm&lyazc&medmanwy.&}miﬂm&ﬂuho 7973).
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1.4 Abscisic Acid And Cylokinins Jn Plants

Jntroduction

Plani growlh hormones play a central role in lhe internal control
mechanisms of planl growth, inleracling wilh key melabolic processes
such as nucleic acid and prolein synthesis. They may eilher enhance
o diminish growlth nrale, depending upon their nalure and concentralion,
The auxins, the cylokinins, and the gibberellins are generally reganded
as growlh stimubalons, whereas bolh elhylene and abscisic acid oflen
inhibil growth. These growlh requlalors are concerned in the overall
growth rale and in lhe cornelalion of growth activilies by acling as
chemical signals. They move jrom one cell, Lissue, or ongan, Lo anolher
and thereby provide a means of communicalion betuween different pants
of the plant,

This neview will cover abscisic acid (ABA) and cylokinins, ard examples
ofﬂmdin&aaclioning/wm jRocessed,

1.4.1, Abscisic acid and ils phenomenon in planis

Abscisic acid is the triviak name fon 3 melhyl-5( 1'-hydro, 4°2°6°6’
nimelhyl 2'-cyclohexen 1'-yl)- cis, trans=2,4- penladiencic acid. The
natural abscisic acid is referred to as (+)ABA and the synthelic as (+)
ABA. Generally, ABA in tileralure nefers to the nalural (+)ABA. Figures
7 and 2 are ciled geomelnic isomers of ABA.

Bennetl-Clark & Keffond (1953) finsl delecled the inhibiloa B complex
which 46 an unpunitied jraclion of one dimensional chromalograms and is
inhibilony in some Lioassays. Nilborrow (1967) olated thal ABA is the
mosl aclive comyoneni c{'l‘.ﬁzbt/x-&&_doap complex, [here are indicalions

that quantilalive difjerences in inhibilon B conlenls reflect the quantilalive
varialions of ABA (Wnight & Hiron 1970), However, in polalo tubers,
the inhibilon g consisls of several compounds including an aclive phenolic
subslance (Holsl 1971)., UWilh pea nool exiracts, the inkhibilon p consisls
of al Least three compounds including trans—cinnamic acid and ABA (Tielz

1971). (ool resulls suggesl thal ABA is the principal and dominant
growth inhibilon of the complex,

ABA was firsl isolaled Jrom young collon fruil by Ohkuma el al.(1963).
The stawuclure was confirmed Ly (arnforth el.al.(1965) by synthesis. Jn
most plants, the nalurally occurning isomenr of abscisic acid is cis-HBA.
Thane-ABA is much Lowen in conteni and Less active biologically lhan
ABA and ils presence mighl due Lo Lighl induced conversion from eis-ADA
(oafting 1971),
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Anolher natunally occunring subslance relaled fo ABA is abscisyl-gluco-
pyranoside (Figure 3). This was finsl isolaled from immalure Jruils
of Lupinus Luteus (Koshimizu el al 1968) and seems lo be widely disirik-
uted in plants, Mulbonrrow (1970) showed that synthetic APA applied to
lomalo shools was melabolized lo this compound., (Moreover, lhe excess
dvely high ABA econlenl in willing planl Lissue was accompanied by an
incnreased content of the glucoside in spinach (Spinacia oleracia L,)
shown by Zeevaart (1971). This glucoside has the funclion of a ’hound’
neserve form of ABA and has inhibilony aclivily when hydrolysed Lo ’free’
ABA (Osborne el al.1972),

(A) Oceurnence and melabolism of abscisic aecid

ABA is widely distribuled in higher plants, and has heen delect-
ed in al Leasl forly species. Relalively high amounls have heen found
in fruils, nesling seecds, buds, lubers and in senescent and willing
Leaves, The hormone Level varies in nelalion lo growlh and develop-
mental frocesses. Davis ol al.(1968) showed ABA changes duning collon
fruit development; for example a nise in ABA was correlated with young
collon fruil abscission and wilh the senescence and dehiscence of the
malune fruil,

Mscisic acid has Leen neporled Lo oecun in exiracls of nools
of Lens culinanis (Fries el al. 1971) and Zea mays (Kundu & Audus 1974a,
19744 ; Wilkins & Wain 7974} Otﬁuaehiedzn&&daaywatanmﬁau
a,&w.&am,(aunc[maooif.z,m inclucing xanthoxin (Kundu & Audus 1974a ).
Acconding Lo lhese aulhons, APA is associaled primarily wilh the rool
cap and xanlhoxin is associaled possibly with the ’rool menistem’, ABA
uwas exiracled from seedling rools of Vicia foka by El-intably & Larsen
(1974) and demonstrated Ly gas-Liquid,thin-Layen chromalography of punified
samples,

The presence of ABA in xylem exudale was reponted fon Salix
viminalis Ly Lenton ei_zl.t_( 1968) and for Helianlhus annuus £y Hoad (1975).

(i)  Biosynthesis of ABA

ABA is synlhesized in several difjerent parls of plants. Leaves,
fruil and seed Lissues (colyledons, endosperm, embryos) have been
shoun Lo incorporale Labelled mevalonale inlo ABA (Milborrow et ,al.1973).
Tuo schools of thought of biosynthesis of ABA ane, bniefly, (1) that
ABA is derived from a carolenoid, in particular violaxanthin, Ly pholo-
Lylic cleavage on oxidalive processes; and (2) thet ABA is synthesized
by a direcl roule jrom mevalonic acid.

Xanionin(Tigxm4)wﬁemd&tecmlaéa{ﬁaioouidauonmodud
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of xanthopiylls, especially from violaxanlhin (Taylon & Bunden 1970).
Jt has been found in several plants (Fian et al,1971) and can be converled
chemically into 1-ABA (Burden & Taylor 1970). The yield of xanthoxin ;
intensilies are nequired for phololysis in vitro (Milborrow 1974).
Recently, Finn & Faiend (1972) have neponted thal in soybean (Glycine
fﬁ)@bwdwfuﬁ&o/mmwow}b
form similarn producls , in similan yield, o Thal formed during pholo=-
Lysis. The possibilily thal xanthoxin is produced Ly the aclion of
Lipoxygenase nemoves the requinement of Lighl fon ils production,
Milborrow (1974) neckoned thal xanthoxin in the leaf is an adventilious
producl formed Ly Lighl and is unlikely lo be a precursor of the cis-
isomen of abscisic acid,

Milboarow & Noodle (1970) investigating the second possible
noute of bicsynthesis and found that K- mevalonic acid was convented
Lo ABA wia an epoxide (Figure 5) which may be a direcl precursor of ABA.
Willing Lissue which has an excessively high amounlt of ABA, converled
nine limes mone mevalonic acid than non-willing lissue.

The main pathway of ACA biosynthesis seems Lo be a direcl one, and the
degradalion of cerlain xanlhophylls Lo ABA mighl be of Less imporlance.

Rogerns el.al.(1966) have demonstraled thal there are luo pools
of Llerpenoid bivsynthesis, chloroplastic and extra-chlonoplastic from
frauits, ABA has necently been characterised from chloroplasts of Pisum 4+
Ly G- IS (Raillon el.al.1974) and is ,in all probabilily biosynthesised
in chlonoplasts of avocado (Persea gralissimia) Milbonrrow 1974,

(ii) Degraclation of ABA

Milborrow (7970) reponted that (2-"C) Labelled abscisic acid was
converled lo three producls: 'fMelaboliles A, B and C’. (lelaboliles
A and B wene identified as methyl ahscisate and abscisytep -D-gluco-
pyrancside respectively. This glucose ester (Figure 3) had been
charactenised by Koshimizu el.al.(1968) as a majon melabolile and
appeans Lo be a rapid slorage producl for extra ABA. This compound
has been identified in citrus by Goldschmidt (1973).

Melabolite C (Figure 6) was isolaled in crystolline form and had
ﬁzmeMmMmﬂ(fm?}. This melabolile
could undergo an inlernal nucleophilic allack of a hydroxyl group
on a double bond, to give phaseic acid, Phaseic acid had been isolaled
from bean seeds (Phaseolus vulganis) by Macmillan el al (1968), and
found also in yrape wvine (Vitis vinifera L.) by lovey & Kaiedemann
(1973).
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(iii) [ ransponl of ABA Like the rales of biosynlhesis and
degradation, the pallerns of hormone transporl are of greal imporlance
in delermining the hormonal environmenl, and hence growth rale of
individual cells distanl from lhe sounce of lhe hormone,

Using Lhe donosr-neceiver syslem wilh peliole and slem segments of
%_wandcoaon, ABA was shown lo be Iransporled very quickly wilhin
the parenchymalous Lissue wilh a velocily of 24 Lo 36 mm per hour in
(oleus and 20 Lo 30 mm per hour in collon pelioles (Zb/l.,ﬂ{.&ng arnd Bollyen
1968 ,Jngersoll and Smith 1971). Transpoal in young Colews pelioles
was mainly basipelal, whereas in older lLissues of Coleus nearly no pol-
arily was observed, Jn collon pelioles, howeven, no polarily wes found.
Milborrow (1968) noled also a basipelal polanily of 3:1 in bean seclions,

JIngersold and Smith (1971) reported that ABA ¥ransporl is neduced
by DVP (2,4-dinitrophenot), fow oxygen tension and Low temperature (2 C).
The transporl of ABA through explanis is considered to be a melabolically
the seclions are Yoo shorl for sieve lubes lo funclion. The rales of
ABA transporl are considerably slower than those caleulaled fon intact
phloen (100 Lo 7500 mm pen hour)

(B) Plant resjonses to abscisic acid

Broadly, there are two major yroupings: responses of inkibilion
and promolion. Much of this seclion will emphasize the nole of the

(i) Senescence Lecreases in the Levels of chlorophyll, pnolein
and IWA ane lhe prominenl symploms of Leaf senescence, Back & Richmond
(?97?}/@4qyﬁediol¢mﬁpwmiuwwmuﬂécﬁm;«qymdt&e
pwoposal thal ABA funclions as a senescent jaclon in Leaves and also
favours the increased synthesis of degradalive enzymes, For example,
ABA trealmenls have increased the aclivily of chromalin-associaled
ribonuclease in excised barley Leaves (Snivastava 1968) and in bean
endocarp (de Leo & Sachen 1971). ABA also accelerales the synthesis
of cellulase even bayond the nale inducible by ethylene (Lewis &
Varnea 1970).
leal 4senescence is a complex and Lightly regulaled process and il is
inlimalely coupled with the development of the plant as a whole, This
Cylotinin-Like subslances produced by the nool delay Leaf senescence
on intact plants (Sillon el al.1967; Wareing & Seth 1967). The
mmmwnamawwmqﬁammz
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o/ DNA dependent RNA synthesis,

(i)  Abacission  ABA stimulales abascission in excised Leaf
Wo{u@w(ﬂ&mnd.at 1971), bean, milfan(@larﬁeﬂdal
1969), and Coleus (Bewley el al.1972). Diffusales from senescent Coleus
pelioles accelerale abscission, whereas diffusales from young pelioles
delay abscission, (racker el al.(1969) found that ABA irealmenis inc-
reased elhylene produclion and cellulase aclivily in collon and bean
explants, Clhylene has been known Lo be a very polenl abscission ace-
eleralorn, Lurning abscission, lhere is also a rapid increase in peclinase
(llorre 1968) and peroxidase, dehydrogenases and phosphalases (Sutcliffe
el .al,71969). Such changes can be presumed lo be promoled £y ABA as a
;o-m-;qumce of ils promolion of abscission,

(iii) Growth inkibilion The inhibilion of the growth of whole planis,
excised ongans on beeds is the mosl easily measured nesponse lo FBA.
ABA inhibils growth o) all parts of plants and counteracts the stimulalony
effecls of the natirnal growlh promoling compounds when applied wilh them,
Haiao (1973) and Doaffling (1972) notedlBA netands inteanode elongalion.
Pilel (1972) detenmined thal the inhibilony action of ABA on cedl elong-

n appeared Lo be due Lo an anlagonistic effecl on auxin.

This growlh inhibilion is remarkable in three ways:

a) Ji is extremely polent, heing of the same order as the olher
natural regulatons (0,05 o 0.5 ug/ml gives a 50% response in
most tests (Aspinall ot al.1967)

4) Ji can be nevensed by nemoval of the sounce on 4y Leaching o
the Lissues,

c) ABA counleracls the toxicily of supra-optimal concentralions
of the growth promoling substances (Milborrow 1966).

It is difficull Lo demonsinale whelher endogenous ABA inhibils normal
growth mainly becaunse ABA can be biosynlhesized in several parts of the
plant and there is no knoun inhibilor of ABA biosynlhesis yel.

Jnhibilony subslances including ABA ane present in correlalively

dnhibilted Lalenal buds (Donffling 1964). Jnhibiton g and synthelic

ABA ecan inhibil oul-growths when applied to the laleral buds (Blumenthal
et ak, 1965). Apardk from dinect growlh inkibition, ABA could acl as

a ’'negalive effect’ on nulrien accumulalion, and hence resull in apical
dominance. For example, in sunflower seedlings, decapilaled below the
mmmwm&meafﬁM(O.éug/dmp&nl}
a decrease of polassium and phosphonus Levels was observed in lhe epicolyd,
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(iv) Dormancy The induclion of fud dormancy is one of the well
knoun effects of ABA and was observed finsl by Eagles & Uaneing (1964).
Applicalion of ABA also prolongs dormancy. The hoamonal regulation of
bud donmancy,al Lewsl of Leaminal fuds, may o as follows, Accum=-
ubalion of ABA al the growing apex of the planl Leads lo .inhibilion of
inteanode growth and the jonmalion of nesling buds, The release from
bud doamancy is cawsed by a decrease of the Level of ABA-Like substances
and increase of 1the Level of gibberellin and auxin-Like substances,
Low Lemperalunes and pholoperiod may be factons which influence the ne-
Lease Jrom donmancy (Tinklin & Schuwabe 1970).

(:}AZMMQ{DMMJIO&O,EMWM&D@M&AW
as the major growlh inkibilon in dormant seeds of many <pecied( Aspinall
el.al, 1967 ;Khan 1969 ;Sondheimer et,al.1966). ABA has the aole of main-
faznmgﬁeétaieo/&eddomj K‘nanefd(7977}/mue,mapo-éad
a working hypolhesis of seed doamancy and genrmination according to which
Mui&w&m@,ﬂonw@onuﬁmtﬁeml@
of endogenous cylorinins and inhibilors (ABA) are ’peamissive’ and ’pre-
ventive’., The special roke of cylokinin is lo remove the block to ger-
minalion caused by the inhibilon and allows the gibberellins Lo complele
thein slimulalive aclion.,

Mechanisms by which ABA accumulales in buds and seeds, could Le
by synthesis in these ongans o transbocalion lo the nespeclive organs
from other parts of the plant., Wareing el.al.(1964) shown that Leaves
of osycamore produce mone AlA-Like inkibitors unden shoat econditions
sap Lo the yrowing apex, where they accumubale. However, Lenion el,al,
(7971) have pointed oul *’ the conclusion thal shorldays Lead 1o a rise
in ABA Levels musl remain open to queslion unlil such a nice has been
demonslraled by direcl and specific measuremenls on the ABA conlent of
extracts *’,

(v) Abscisic acid and water relalions
The Level of ABA in Leaves can be raised by a variely o) conditions,

willing ( Wnight 1972a ,19724), walerlogging of the aool system (Waight
1972a), Low nelative humidily (Mizrahi el,al,1971), osmolic slaess
(Miznahi et,al.1970), Lack of mineral nutrients (Mizrahi & Richmond
1972), cold stress (Milborrow & Robinson 1973) and infection with the
willminducing bactlerium Pseudomonas solanacearun (Steadman & Sequeira
71970). A common fealure of lhese faclons is thal they affect the walea
balance of planis,
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Waight & firon (19724, 1973) found lhal when cul shools were willed,
Lhere was an incaease in B inhibilon complex, They idenlified lhe majon
occunrned., A walen doss of aboul FO%O;IALIDMMWM
ma{qmmafe&}40fa.&li!meade.énmﬂﬂﬂmm. A/uy{mbm

is the napidily of the increase in ABA. The aulhors caleulaled the ABA
m@ioﬂmﬂd@w&wzmmm#yéug/kgmio 9 ug/ky
wilhin 7 minutes of the wanm ain realment; 33 ugfhy Ly 25 minutes and

68 ug/hy wilthin 45 minutes, UWnight & Hiron (1973) obsenved that Loih

the Level of conjugale and of jree ABA increased considerably, A similar
dramalic nise in ABA conlent on willing has been found in Brussel sprouls
(Unight & Hiron 1970), peas (onjjling et.ali 1974, Joy 1974); eugan cane
(Mosl 7977); wheal ((lillorrow el.al.1970); tomato (Rammussen 1976), maize
(Beandsedl & Cohen 1974), songlum (Beardseld & Cohen 1975, Ogunkanmi el.al,
1974) and tobacco (Powssiba & Richmond 1976).

The napid increase in ABA contenls in willed Leaves remains fainly
constant until the loss of lurgon is regained, [(Lilbonrow (1974) neckons
thal there are probably three suwilch mechanisms operaling:-

a) napid synthesis Uniggened by willing,

£) a slop messaye wien sufficient ABA bas been formed and

c) eilhen the beginning of degradalion of ABA on the cessalion

of napid synthesis,
MNilborrow & Robinson (1973) suggested thal the excess ABA jrom the 2 ®e)
diobs-ALA operaled a negalive jeedback doop and slopped ils own biosynlhesis.
Eunidence Lends lo suygest thal lhe rapid increase in ABA 44 nol due o
release from a hound’ form bul lo synthesis jrom mevalonic acid (Milborrow
& Nodklde 1970),

Zabadal (1974) wonking on tuo species of Ambrosia, observed thal
Lhere is a threshold walen polential thal slimubales ABA synlhesis, The
ABA increase al lhe thrneshold walen polential is so abnupl thal a nreduct-
don in Lea} waler polentiak o} only one almosphere may cause a significant
nise in ABA from ils baseline Level, Beandsedl & Cohen (1975) confiamed
that there is a threshold value of (LWP) belbow which ABA Levels increased
abnuplly in maize, Cumnins (1973) and (Lilbonraow (1974) prouvided some
evidence that ABA oceuns in discrele compardmenls in the cell, One
jostulate is thal when (LWP) neaches the thneshold value, a re-distribulion
of ABA occurs, The reduction in ADA al siles of accumulalion mighl in
Lurn ael as lthe Iriggyer fon enhanced ABA synthesis.
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Loveys & Kniedemann (1974) demonstraled thal moisture slress in grape
wines (Vilis pinifesa L.) contributing towards an increase in stomatal
mi.:stancg(ﬂé) was correlaled wilh increase Levels of endogenous ABA
as a by-product from degradation of APA (Gaskin et.al.1973),

(vi) Abscisit acid and slomala  The closure of slomala by ABA
is an importand nole finsl observed by (illelhewser & Van Sleveninck
(1969). Hoaton (1971) ; Jones and Mansfield (1970) have also showed
thal exoyenously applied ABA has a dramalic effect on slomalal aperlure.
Applicalion of (+)-ABA at 1 ug/ml concentralion caused stomatal closure
in feaves of wheal and barley and also reduced iranspiralion by one half.
Tatha & Lansen (1975) studied the ABA effect on transpiration of Zea
mays, A Linean relalionship occurred belueen the Iranspinalion nale
of bolh delached and intacl Leaves and lhe concentralions of applied
ABA. The magnilude and persislence of the irealmeni effect depended
on the concenlralion of ABA and the species of plant wsed, Jones &
Mansjield (71970) reported that the decrease of stomalal apertune induced
Ly ?0-4N@Amm&amofmmmawi4&dﬁaaup
Lo nine days afler applicalion. Jn contrasl Lo Jones and Mansjield &’
nesull of alow stomalal recovery, Kniedemann elt.al.(1972) have observed
quile napid recovery from ABA Irealmeni, This may have been due lo lhe
fact thal lhey ajpplied approximalely len Limes mone hoamone lhan would
have been required lo close lhe slomala; the excess may lhen have acled
as a 'reservoin’, Fischer el.al.(1970) noted thal bean Leaves show
slomalal recovery in 1 lo 2 days jollowing waler siress,

The effecl of ABA on the lranspiralion rale may be discussed in
nelalion o the following possibililies:
a) A dinect action of ABA on the stomatal apparatus ( guard cells)
) Biochemical changes induced by ABA.
i) ABA has been shown lo interact wilh olher hormones in
anlagonislic effect of ABA and ecylokinin on slomalal opening
(Imben & Tal 1970; Miznahi ek.al,1970),
ii) Leshem(1971)found thatl ABA significantly inhibiled the prod-
uclion of RHA by aclivalion of the enzyme Riase.,

Changes in endogenous Levels of ABA-Like subslances can conslilule a

mechaniom for regulaling gas exchange. These may occupy a key posilion
in the negulalion of pholosynthelic performance, Prolonged closure of
slomata inhibils photosynthesis and possibly reduce the yield of erop,
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Kniedemann et. al.(1972) sugyested thal o doubling of the endogenous Level
planits,  Cummins .e._lf.a_l. (1971) jointed oul lhe napidily and ready rever-
sibilily of Lthe ABA aclion on slomala and suggesled lhal is is a good
modulalon of stomalal Lehaviour, Howeven, Hsiao (1973) questioned whelher
Lhe ABA accumutbalion from stress is fasl enough for il Lo be lhe modulalon
of slomalal responses. Slomala possibly close even fusler than lhe
incaease in ABA,

Manspield & Jones (1971) showed thal ABA trealment nesulls in stanch
accumlbalion in the chloroplasls and a fall in The vsmolic polential of
quand cells from 14,1 Lo 9,8 ban. There was also a flux of K” out of
the quand cells., JL was also shown thal ABA prevented the accumibalion
of jolasciun in quand cells, and increased lhe slanch conleni of thein
chlonoplosts, The aulhons suggested thal ABA could acl on lhe K* Hlux
and cauwsing stomalal movemenl; perhaps via an oémolic adjuslmend involuing
slanch hydrolysis,

Raschke (1975) observed that the simdlaneous requinement of C02 and
Al fon the modulalion of slomalal aperiure in Xanthium strumardiim,

. appears Lhal ALA revensibly blocks the aclive secrelion of H™ from
guand cells, Jnﬂaemwmofcog, Lhis would Lead Lo a napid acid-
ificalion of lhe cyloplasm and Lo slomalal closure. Jn many species, the
intracetlubantly evolved CO‘? may sufjice lo elicil acidificalion, Howevenr,
in species wilh stwony H” pumps, matale formalion would Lead lo acidificalion
onby in the pnesence of ABA. This possibly explains lhe sensilizalion

of stomala Lo COZ Ly ABA. Nole thal C()g.ald needed us a substrale fon

the acidificalion of lhe cyloplasm as weld as the production of osmolica,
The mechanisn whenebly Ayl is able lorregqibale slomalal aperlune nemains
unclean, A dinect effect in lenms of enhanced acidificalion Ly inhibiling
expulsion of U from quard cells is an altractive hypothesis bul is still
hypothesis bul is sLill negarded as speculalive,
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(C) llode 04 aclion of ALA
As wilh some olher plant hommones, ABA has probably several primany
siles of aclion:-

i) Hormonal efpect on lhe enzyme synlhesizing apparalus,

This includes DVA ilaely on any of Lhe fpaclons panticipating in trane-
eniplion or lransbelion, ABA causes specific inhibilion of RVA synthesis,
Addicoll (1970) showed thal the aclion on nucleic acid melabolism is
Larngely Thal of inkibiling on modifying lhe synlhesis of one on moie majon
jractions of RiA. I may inhilil aclivily of the enzyme RNA polymenase
in lranseniplion process, The -f/mnAr:/Lqmtton bhock thus fonmed prevenids
synthesis of DlA-primed VA, Bex (71972) delected a manked decrease in
the specific aclivily of VA polymercse when maize coleopliles wene incubaled
with ABA. However, Leshem (1971) suggesled Lhal lhe overall decrease in
RVA Levels is due Lo ABA activalion of the enzyme RNase and nol necessanily
by inhililion of RVA polymerase. The mode of Rluse aclivalion Ly ABA 4is
difficull Lo verify (Leshem & Schuwaniz 1972).

Jnhibilion of DWH synthesis (neplicalion) by A has been observed also
by van Ovenbeek el,al. (1968) and Watlon el. al.(1970), However Haben
el.al, (1969) showed Llhal ABA inkibils lelluce (Lactuca sativa) seed
germinalion in circumslances which do nol invofve DNA synthesis, UNVA
synthesis might nol be a pnimary effect: oflen this inhibilion does nol
closely cornelale wilh AB/ s physiological effecls such as increwsed ABA
Levels in nesponse Lo willing, tudher, lhere is evidence of u dual
eftecl of ALA 4in some physiobogical processes such as senescence and
abscission, simullaneouwsly inhibiling some aspecls of nucleic acid
melabolism and {ymmol‘.tbuj olherns, The z/;u.td of ABA on DNVA and RVA have
Lo Le interpreled wilh care (Addicoll el. al.1969; Donffling 1972),

There is often a manked lay in Lime beliecn ALA trealmend and observed
changes in nucleic acids suygesting thal the effecls may be indirect

and secondany.,

Another possible mode of aclion may be via the regqubalion of lhe enzyme
activily by allosteric jromolion and inkibilion (Saunders & Poulson 71968)
wilthoutl direclly affecling transeniptior and iranslalion, This would
mean thal ABA acls on a ’preformed oyoslem’ Leading Zo observabie responses
withoul a lag period. HABA may serve as a negalive allosteric effecltoa
on biologically
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synthesis , and on DVA polymerase. van Overbeck e_.t_,g 71967 have
proposed an overall scheme for ABA aclion as a ' negalive’ alloslesic

effeclor ( Figure 8 )

substrall_ D
= zﬁj E@Qfﬁbﬂqﬁi@a
D ‘

<

3
Fige 8 The allosteric effect of ABA (After van Overbeck i‘f_“_{}

The 'mositive’ effector on aclivalor in their model may e more specific
Loe. cylokinin, Ji is postulaled thal ABA allachment o the prolein
4is By means of ils polar groups which Link Lo specific 'allosteric siles’
siluated on the prolein ( stage 3 )., The allachment of ABA causes a
slenic change of lhe 'subsirale sile’, prevenling the eniny of the sub-
slrate and thus inhibiling biological aclivily., Jf the aclivalor e,g.
the promoling hormone, is allached beforehand (slage 2); il Lends slabilily
Lo the prolein and prevenls deformalion of the 'substrale sile’ and
thus the allachmenl of the ABA. Biological activily can then proceed
normally, [1his model oullines how in vivo, growth may be lhe fumelion
O{MWMMWMMMQMM.
Another imporland primarny aclion of ABA seems Lo be an effecl
on membrane properilies. ABA acls on specific ion uplake mechaniimé
such as polassium, phosphorus and chloride (Reed & Bonner 1974 ;Cram &
Pilman 1972 ; Donffling ef al,1972). The uplake of polassium ,for example
is neduced Ly ABA wilhin 30 minutes in coleoptile sections, and the
inhibilion reaches a maximum of 75% wilhin 2 houn, There is no siniple
nelalion balucen the inkibilion of growth and lhe inhibilion of don up~
Lake. An effecl of ABA on the permeabilily of plani cells and avols as
negands waler is a controversial matler ( Cram & Pilman 1972; Glinka 1973).
There are therefore, tuo hinds of nesponses Lo ABA, a direct ,nrapid
response possibly operaling on membranes on some olther structure, and a

slower effect involving the synthesis of new enzme protein,



o1,
o442 CYTOKININS AND  PHENOMENA IN PLANTS.

Cylokinins are compounds which promole cell division in cull-
wred plant cells (Skoog ef, al.1965). They are growth substances which
mw@@dmdw;?-gﬁcm&mww, adenine., The common
synthelic eytokinins include hinetin (6-furfuryladenine ) and BAP (6-
Semethylbutetransm2-enyl) aminopurine and JPA (Wo-iso-pentenylodenine).
Zeatin occurs naturally nol only as the free base bul also as ils nucl-
coside and nucleolide (Millern 1965; letham 1966a, 19664). Bolh JPA and
zeatin conslitute by fan the mosl aclive cylokinins yel discovered.
These or closely relaled compounds have feen delecled in a diverse range
o{p&mu(f(erda 7971).

Common name o
' 1 :‘4‘" ; tl':n.
N HR” R R /CHa .‘:6%
H -CH;CH=C\
“H,
H .
\ . ﬂ/LH?OH cis~zealin
H C=
-CH,/ CH,
H CH,
H >=< trane-zealin
=Cll CH,OH
H CH
H \C‘ / ' (JPA )
i AAOFM&IW‘M&
—CH/ \CH,
(ﬂﬁ-/:u.ﬁuy.lduuhu)
- "'CH;/
_CH—_
. ‘ (%&auy&daw}

Figure 9 Struclures of common cylokinins.
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A) Occurnence of cylokinins

Kendle (1964,1965) showed thal xylem sap of sunflowes conlained
eylokinins and subslances with cylokinin activily have now been delected
in xylem sap in many species, Cylokinins in xylem seem Lo resemble lhe
aop by comtined gas Liguid chaomalogaphy- mass spectionetny (Hongan
el al,1973). They suggest thal zealin riboside, the jree base and the
M&damwmw% Skene (7972) identilied zealin
and zealin niboside in xylem sap of lhe grape vine (Viltis vinifera).

Mosl ewidence suggesls thal cylokinins are of ool onigin, Sub-
slances with cylokinin aclivily have been delecled in extracls of acols
of sunflower (Weiss & Vaadia 7965); grape vines (Skene 1970); peas
(Shoat & Toarey 1972a); nice (Yoshida & Onitani 1971) and Solamum @ndigena
(Woolley & Wareing 1972 ), Radin & loomis (1971) found increasing amounts
of three eylokinin fraclions in developing rools of radishes. Tuo of

Cuidence slrongly favours the merislemalic regions of the rools
as siles of synthesis, Ueiss & Vaadia (1965) found thal in sunflowen
seedlings, free cylokinins were confined Lo lhe youngesl poalions of the
nool Lip, Shoat & Torney (1972a) examined cylokinins in bolh the Jree
form and as consliluents of iransfer RVA in serial segmenis of young
seedling aools of pea. The grealesl amount of eylokinin exisling in
a jree form and present in I-RNA was disirnibuled in the highly merisl-
emalic 0 do 1 zone of the mm avol Lip, Smallen amounts were found in
those segments 1 lo 5 mm behind the nvol Lip, Zealin and ils derivalives
and an unidenlified cylokinin are the aclive free cylokinins, Shorl &Tonrney
MMMM& ‘quicscent zone' and the surrounding merislemalic
Lissues as cenlres of cylokinin production in the aool Lip of pea seed-
Lings, Recently, Feldman (1975) working on inlact teaminal millimeler
aool Lips of Zea mays shows thal al Least foun cylokinin fraclions are
present, thal is nucleolide, zealin and zealin ailoside and unidentilied

(i) Cylokinins in Leaves and other plant parts
& Wareing (19734, 1973¢) delecled al Least seven cylokinins in mature
deaves of Populus X nobusty, The three magor cylohinin jractions were
zealin and zealin adboside and a cylohinin glucoside, These findings
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agreed with Engelbrecht (1971) who suggested thal zealin and its riboside
are the main cylokinins preseni in nooled leaf cullings of Phaseoldus
vuidganis L. The physiological significance of the diverse foams of
cylokinirs in Lea) Lissue nemains unclean.,

High Levels of cylokinins are also presenl in olther menislems, such
as cambicl Lissue, young {m&&&wﬂ%(&mé.é-?963 slelham 71966
jletham & Williams, 1969). Jndirecl evidence suggests thal the seed
does procuce a significant propontion of its own cylokinin (Blumenfeld
& Gazil 7971) and il is quile clean thal a range of cullured lissues
are capalde of synthesizing cylokinins (Miura & Millen 1969; Shoat &
Tonney 79724).

(ii) (Metabolism of cylokinins, The rate of metabolism is of greal
regulalel, So fan, Litlle is known really aboul the internal and external
factons which detemine these processes. The melabolism of eytohinins
diffans nankedly from plant Lo plant species and aleo faom plant oagan
Lo planl organ. However, some common fealures are apparent,

Ly a process which cleaves the side chain. The purine ring is converled
subsequently Lo several melaboliles. A smaller parl of lhe applied cylo-
kinin remains intack and exisls as the free base on as anibonucleoside
on niboncleolide (Tzou g.g.mj) on as glucosides (Panker & Letham
1973 ,1974; Fox el.al. 71973). A T-glucose of zealin (’aaphanalin’) has
fezeatin (Panker & Letham 1973). Jt is present only in the cotyledons,
nol in the hypocolyl, peliole and xylem sap of this plant, JL occuns
MmMWMmmmo;@;w{mewmwn).
Jn general, the cylokinin glucosides seem to be very slable in the plant
of nalurally occunring cylokinin-glucose complexes in aool and olher
Lissues is yel 1o be elucidaled, Jl seems Likely lhal lhey are slorage
compounds for excess cylokinins,

JL is possible thal plant lissues make use of 1-RNA or other mela-
bolic palhuways as a source of cylokinins, depending on silualions. The
breakdoun of the 1-PNA can be a polential source of release of cerlain
fractions of cylokinins. Chen & Hald (1969) indicaled thal cylokinins
in 1=RVA are synthesized by the allachmenl of the isopentenyl group Lo

preformec ePNA, JL is also presumed thal mevalonale ie the precurcoa
of the isoprencid side chain of Jree cylokinins, Shoal & Torrey (1972a)
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showed thal lhere was approximalely 27 Limes more jree cylokinin than
the amounl delecled in 1-RNA in nool apices of pea. The turnover of
eylokinins from 1-RUA is Less napid, These tuo aspects tend o indicate
that eylokinins in ool Lips are produced by biosynthesis seperale jaom
the catabolism of t-RIA,

(iii) Translocalion of cylokinins Cylokinins synthesized in the
the protein melabolism of Leaves and olther aspects of shool development.
Levels of cylokinin aclivily are generally quile high in the xylem of
woody species of plant, suggesling thal subslanlial quanlilies of cylo-
kinins pass in the transpiralion stream, However, Litile is known aboul
the aclual amounts moving in the Iranspinalion siream, Heweld & llaneing
(71973a)suggest thal the niboside is the usual form of cylokinins trans-
ported in the xylem of woody species.

Developing organs seem o compele for available rool cylokimins:
for example, Limiled supplies of rool eylokinins move preferentially lo
the apex, Pilel (1968) showed thal the removal of the apical bud inhikils
the acaopetal transpont of (74C) BAP 1o stems of Lens culinaris, Appl-
dcalion of Labelled hinelin lo lhe rools of intact planis resulls also
(7972) suggest that hormone—dinected transpoal of cylokinins is involved
in the regulalion of Laleral bud growth contending some component of
eylokinin movement in the shool is under directional conirol,

Panker & Letham (1973) aeckoned thal zealin nibolide accumilalion
in hypocolyls of roolless radish seedlings resulled from Laleral move-
ment Jrom lhe lranspiralion slnream aalher than from basipelal Iranspord
from the upper parls of the seedlings. Un the olher hand, expesriments
with TC BAP indicate that BAP applied to the base of rootless cutlings
of Sodanum andigena accumulales nrapidly in the Leaf and laler is ne~-
distribuled Lo olher parts of the culling (loolley & Wareing 19724).
They are of the opinion thal auxin influences lhe distribulion o) cylo-
kinins jrom avcols, Auxin applied o lhe cul upper sunfack of Solanum
andigena cullings jmevents the oulgrowth of Laleral buds and inhibils
the accumulalion in the laleral buds of Llabel from basally adminislemed
“eB4P, Jn the absance of ausin, lobelled cylohinin accumulates in
the Lateral buds prion Lo thein growth as Leafy shools,

Skene (1975) points oul thatl nol enough is known whelher cylok-
dndns Jrom nools move direclly lo lhe apex and olher centres of high
auxin concentralion, oa whelher they are re-exponrled jrom the leaves,
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(B) Biodogical aclinily
Cylokinins are known to influence a wide range of physiological
and biochemical processes, As well as being involved in all phases of
plant development; from seed germinalion o plant aging, senescence and
cell division and organ Jormalion, — These processes are nol dependent

on one single hormone bul ralher a concerled ,comrelaled regulalony
aclion of several growth hoamones.

(i) Mitosis and cell division The properly most characlerislically
Mcwwwmwumwwnofw&mnmw
Ltisoue cullunes, The presence of cylokinins in merislemalic Lissues
such as noot tips, cambium, and fruitlels has been laken as indicalion
that eytokinins are inuolved in negulating cell dinision,

W(fﬁéjwmmwmmmmm
duning the interphase of mitosis to tniggen the subsequent prophase in
nool cells of onion (Allium cepa). Torrey (1967) wilh intact rools of
mmm(PMMw.M)MaMWM
nesulls, Hene, cylokinins bnought inlo division malure cells in the
milosis on cell division.

%Mmm&lyuﬂu&dbuw&buo/u&&umn
and distribution of activily often follows the inlensily of cell diui-
sion in the tissues. Lletham (1963)reponted a corelalion belueen cylo-
kinin content and the nate of cell division in apple and plum fruillels,
There is a definile conrelation belucen the rate of Lissue growth and
Level of measurable eylokinin in xylem sap of grape vine (Skena 1972).

(i) aamzwmwwmm#mwuw
was dneneased markedly in the presence of kinelin and cerlain analogues
active in cell division(Miller 1956; Scotl & Liveaman 1956). Arona el.
al. (1959) neponted thal contical cells of tobacco rools enlarge up Lo
Jour Limes thein noamal size in the presence of hinelin., Glasziou
(1957) demonstrated thal unden cerltain fow hkinelin concentralions, an
incacase in cell elongation of tobacco pith occurred. Kinelin trealment
of sunflower hypocolyls caused an increase in fresh and day weighi more
than double that of lhe controls although no elongalion occurred,

(iii) (Morphogenesis Cylokinins are ceatainly involved in the foam-
ation of oagans which tahes place under appropmiale condilions in a var~
dety Lo lissue cullunes, Cylokinine regulale the development of oagans
Jrom callus. 1he auxin/ hinelin aalio of the culture mecium was the
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cnitical factor in delermining the type of oagan: thal is bud and aool
(Skoog & Millen 71957). Jn this case cylokinins have the abilily lo
modify the effects of olher hormones for example auxin., Joadan & Skoog
(1971) in thein sludy with codeoplile Lips of Avena saliva L. showed
that iO-Ade and BAP stimulated synthesis o) auxin, Cylokinins do not
act alone in plant regeneralion processes. |hey interplay wilth olher

Cylokinins have been implicaled also in a large variely of syslems
which inwolve differentialion in one way on anolher; in the different-
<ation of tracheids through aclivalion of Lignin biosynthesis (Bergmann
1964) ;in the induction of parthenocarpy in cerlain fruils (Weaver 2l al.
1965) and in the matuning of proplastids into plastids (Steller & Laetsch
71965). There have been no unifying concepls offered to explain adequalely
a hosl of morphogenelic nresponées lo cylokinin trealment,

There is too.a correlalion belueen rale of Lissue growth and the
Level of measurable cylokinin aclivily, Jn developing collon Jruil,
and avocado seeds, the Level of cylokinin actinily is much higher duning
the early stages of developmend, and as the lissue matures, the cylokinin
Level aleo falls (Gazil ef, al.1970; Sandsledd 1971),

(iv) Donmancy Donmancy is shoun 8y a wide range of plant organs,
of very differeni morphology for example buds and seeds. The available
expenimental evidence for dormancy can be grouped inlo lhree calegonies.
Firslly, there are observalions which indicale thal in particular cases,
a tranemissible ’honrmonal’ stimulus must be involved in the imposilion
or nemoval of dormancy. Secondly, it is possible o discern a parallel
varialion in the endogenous Level of a particubar hormone and the slale
of doamancy of a plant oagan, Finally, exogenous hoamonal lrealments
can impose on break dormancy.

Cylokinins, nolably kinelin and benzyladenine, are effective in
ovencoming donmancy of tree buds, lubers and alher aesling oagans
(Vegis 1964; Wareing & Saunders 1971; Weaver 7963), Bud doamancy may
be controlled by a balance belueen endogenous inhibilons such as ABA
ial ingredient of hormonal regulalion (Khan 1971),

@b&nﬂmm&mwﬂmmﬁﬁﬁwm
ing seed dommancy, Geaminalion of seed on growth of an oagan is oflen
a resull of cumulalive aclions of several hormones, each having a design-
aled aole and nol always a resull of an increase oa a decrease in the
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Level o} nromolens and inhibitons (Khan 1971). The mechanism of cylo-

kinin-inhibilton interaction in seeds and buds has been sludied al the

Level of wcleic acids and enzymes. The following possibililies can

oceun;

@) ABA and benzyladenine showed opposite effects in P inconpo-
ration into all nucleic acid jractions (van Overbeek el al. 1967).

4) The nucleolide composition of Lebelled RNA was allered by ABA
MMWMWW@M(ME%???O}.

c) ABA and eylokinins interact al the Level of translalion and
enzyme synthesis, For example, amylase synlhesis in intact
ceneal graine which is medialed by gibberellins from lhe embryo
is inhibited by ABA and neversed By cylokinins (Khan & Downing
71968).

d) ABA can affect a decrease in the degradalion of kinetin to
adenine, (Bac/zif.it 1972) supporting the suggestion of Mullins
and Qsboane (1970) thal ABA has a ’cylokinin spaning 'effect.
Jt has been suggested thal this could slimulale a planl process.

(v) Senescence  Cylokinins jrom the nools appear lo be responsible
for maintenance of balanced polein melabolism in Leaves. Richmond &
Lang (1957) showed that the prolein Level in kinelin-trealed, delached
Leaves declined more sbowly than in unirealed controls, and a similan
Wo{&n&&hou?wfqlzvddmoﬁmuailyﬂdlom{?%Z).

Qsborne that incorporation of a Lokeled amino acid into prolein,
and of 7°P0 |~ into RUA, was enhanced by treating deltached Leaves with
hinetin, Similar nesults have heen obtained by other rssearchers using
different plants ( Gunning & Barkley 1963; Kuraishi 1968; Tavares & Kende
71970), Tavares & Kende concluded thal eylokinins nelard senescence of
breakdoun,

The actinily of proleases (Beevers 1968; Athin & Saivastava 1969)
and of RVases (Sodek & linight 1969) is Lower in cylokinin-trealed leaves
than in the conrresponding controls thal haue nol been lrcaled wilth the
hormone. Jn some plants cylokinins depress the aclivily of prolease
of these hydrolases,

Cylokinins retand the decrease in Levels of DNA, RNA and prolein
and also stabilize on even promole RWA/DNA nalios, thus indicaling that
RVA metoboliom may be directly involuved, One hypolhesis is thal cylo-
kinin acts by pmeventing the synthesis of specific m-RNA coding foa
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degradalive enzymes. ABA is involved also in the regulalion of senes-
cence in Leaves (see page 13).

Sitton, Jtai & Kende (1967) jfound thal the cylokinin contenl of
xylem sap of sunflowers increased during the exponenlial growth phase,
and decneased napidly when growlh ceased and flowering commenced. The
decrease in the supply of cylokinins from rools to Leaves is one of the
Jactors Leading Lo senescence, Growing Jruils can lake over as siles
of eylokinin synthesis when the supply from the acols decline. Cylok-
inins may be diverled however lo developing jruils al the expense of
Leaves. (Wareing & Seth 1967).

The onsel o} senescence is seen Lo be a complex inleraclion belucen
oagans of plant, a parl of this interaction being medialed by cylokinins
of aool origin and ABA.

(ui) Miscellaneous effects of cylokirins The List of eylokinin
activities is now too Large Yo include here bul the following appean
Lo have polential signilicance,

Cptohining can pasvent pantially the Loxic effacts of cartain phylo-
pathogens., For example kinelin neduces the number and size of lesions
caused by tomalo spolled will wirus (Selman 1964) and anlagonizes the
the toxic effect of Pseudomonas tabaci which causes ’wildfire’disease
of tobacco (Lownekouvich & Farkas 1963).

Cylokinins are involdved in the regulalion of pholosynthelic enzymes.
They are nequired for the development of the following enzymes of the
Caluin cycle: JullP carboxylase, NDP* dependent glyceraldehyde dehydro-
genase, transkelolase, and nibosephosphate isomerase (Feieralen & Pirson
7966). Application of hkinelin o dark=groun seedlings enhanced the activ-
iy of ribulose 1,5diphosphateand NADP-clependent glyceraldehyde phosphale
dehydrogenase up Lo the Level found in illuminaled seedlings. Removal
of the rools as a cylokinin source neduced the aclinily of bolh enzymes,
and this neduction could be overcome by kinelin itrealment, Changes in
eylokinin Level appeared o affecl preferentially, chloroplast enzymes.

Cylokinins seem Lo promole the synthesis of chlorophyll and develop-
ment of the chlonoplasts, Eliolaled seedlings lose lhe abilily Lo pro-
duce chlorophyld and soluble proleins wilh increasing age and kinelin
nelands this process (Stobart el.al.1972).

ngwwdTamy(ﬁ%)Momndmo/ﬁ&gAcytawm-
dvity in nool nodules of pea (Pioum salivum L.) and the cylokinins found
pmedominantly in pea nool nodules injecled by Rhizobium Leguméinosarum
were zealin and ils adboside and rnibolide, The presence of eylokinins
4n nool nodules and their changing concentration duning nodule develop-
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4in nodule development, particularly in relalion to the meristemalic
nalure of the nodule thal is ils cell division aclivily and also 1o the
distinctive polyploid stale of the dividing nuclear populalion,

Cylokinins synthesis by nools is influenced Ly factors of the en-
vironment thal eilher directly on indirectly affect rool physiology.
These faclons arne discussed below:

<) pHy Nutrilion low pH of the aool medium adversely affecis the
growlh of many planis. Cylokinins could be delecled in xylem sap of
maize plants grown in medium of pH 7.0 but not pH 4.0, (Skene 7975).
The nulrilional slatus of the plant also affects cylokinin production
Ly rools fon example neduced quantilies of cylokinins were found in
xylem sap and rool extracts of sunflowers (Uagner & Micheal 1969,1971),
and in nool extracls of Sodanum andigena (Woolley & Wareing 1972c)
when groun in media of dow nitrogen Levels,

ii) Rool lemperalure S/aaw.dl(mzudgg(?%?},ﬂowdqlutm
differences in the cylokinins of xylem sap from sullana vines (Vitis
mhi#ML)gnomdmoi&nmabwo;JOCandEOC a cylokinin
nucleolide being absent from the 30 C samples. They also showed an

increased exporl of cylokinins from the rools of plants groun al he
higher lemperalune. This is associaled wilth a Larger ool syctem and

a higher bleeding nrale,

iii) Wolerdogging — This reduces the growlth of lhe shools and induces
chlorosis of the Llower Leaves, symploms which may be relaled lo
neduced quantilies of gibberellin (Reid et.als1969) and cylokinins
(Burrows & Cann 1969) mouing from acol o shool. Burrows & Carn
(71969)showed thal the decline in cylokinin contend of sunflower
sap was paralleled 1o a decline in melabolic aclivily of the aocol
apices aflen three days of flooding,

iv) Photoperiod Van Staden & liareing( 1972)demonstrated that cytokinine
in xylem sap of shorl day plant, Kanthium strumarium appear to pred-
ominale in the nucleolide form when grouwn unden long day condilion.
However, the nucleolide jraclion decreases afler exposure Lo shoal
unchanged. JL is nol clear whelther differences in the cylokinin
content of malure Leaves of Xanthium sirumarium unden Long and shoal
days are due Lo an effect of daylenglh on cylokinin synthesis wilthin
the Leaf, or are a resull of .inlerconvensions wilhin the Leaf of cyt-
okinins imported jrom the nools.
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v) Season  Luckwill & hyle (1968) reported thal the eylokinin
content of xylem sap from apple slems nemained low during winlex,
incneased in early spring, neached a peak Level aboul the Lime of
fulk Ldoom, and lhereafler decreased. The authonrs suggested Lhal
the disappearance of cylokinin activily coincided wilh the cessalion
of extension shocl growlh which may be associaled wilh cylokinins
in the sap, Jncreases in cylokinin aclivily al the Lime of budbursl
ane also suggestive of a causal relalionshipn belueen cylokinins and
budbunsl. (fole changes in the falance of olher growth negulalons
in the bud are implicaled 1oo.)
vi) Waler slress Various siresses applied lo the ool syslem resultl
in physiological changes neminiscent of lhe aging process for example
the decline in Levels of proleins and KNA, as well as affecling lhe
quantilies of cylokinins moving from rool Lo shool,

Jtai & Vaadia (1965, 1969) suggested thal stress reduces the Levels
of cylokinins in xylem sap in sunflowers and reduces the capacily of
tobacco Leaf discs to inconponate( #C)L-Leucine into protein (Ben-Zioni
et,al. 1967). Jtai & Vaadia (1971) demonstiraled with tobacco thatl Less
than 30 minules of willing neduced substantially the cylokinin aclivily
in aool exudale., 1he decrease was revensible, and upon leaminalion
of the waler slress, cylokinin aclivily increased again., The adverde
effects are partially counleracled by ecylokinins, Prelrealment of
stressed tobacco Leaf discs wilh hinelin partially restonred incorponal-
4on of amino acids inlo prolein, Jl is suggesled thal slress induced
a decline in Leaf prolein synthesis resulling from a deficiency of cylo-
kinins in the Leaves, Allthough in bolh nool and shool siness, cylokinine
Levels are similarly nreduced, the manner in which the reduction occuns
may be different, JL is possible thal unden shool stress inactivation
of eylokinins present may be more common than under nool stress.
Vaadia & Jtai (1965)showed that eylokinins promote stomalal opening and
thus enhancing transpinalion nales, an effecl which seems Lo be of a
general nalure, (ylokinins in associalion wilh olher hormones such
stomatal opening and permeabilily of plant tissues to waler (Livne
& Vaadia 1972 ;Mizaahi & Richmond 1972). ABA is a major facloa
facililaling the adaplive nesponse of plants Lo acol stresses thal impede
ing the extenl of the nesjonse.,
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(D) The mode of eylokinin action

The occunrence of cylokinins in certain E-RNA' s from a wide
varniely of organisms has Led Lo much speculalion thal these plani hoa-
mones may exerl lthein physiological effecls Through regulalion o} pro-
Zein synthesis, Ly modifying the synthesis and junclion of specilic i-
RNA & (Andenson & Cherny 1968). Hall and co-wonkers (1967) have isolaled
bolh 2-TPA and nikosyl-zealin jrom plant L-RNA hydrolysales ; while
wheal germ I-RVA conlains al Least foun cylokinins idenlified as aibosyl-
zealin, 2-iPA and thein C-methyllhio-derivalives (Hecht el.al.1969).

JPA, the natural cylokinin, is preseni in L-RNA fon the amino
Localed adjacent lo the anti-codon. One lheory (leshem 1973) is lhat
cylokinin aclion is associaled wilh codon-anlicodon recognilion on the
mRVA. The allernalive appoach is presented by Kende & Tavares (1968)
who slaled thal eylokinin aclion is nol dependeni upon ils presence in
L-RVA. They proposed thal JPA is nol Joamed from eylokinin bul thal
iniliolly adenine exisls as an integral parl of the 1-RNA molecule and
2o this an isopentenyl side chain is allached., The breakdown of 1-RNA
resulls in nucleolide nelease which migrales Lo olher cellulan siles
where they exerl their funclion as growth regulalons,

For the present, il is difficull to know the aclual mode and siles
of eylokinin aclion. Like other plant honmones, lhey can cerlainly
influence the rale of nucleic acid melabolism and prolein synthesis,
and these effecls oflen parallel the effecls of the same subslances on
growth rale, Higher plants also exhibil a very greal flexibilily in
their growth response Lo a range of environmental influences, Hence,
Lthey must possess a very complex internal system of controds which are
amenable to environmental varialions,
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1.5, Effeck of walen slress on grain yield in cereals,

Jn simplest terms, yield is relaled Lo the produclion of tolal dry
maltler. The silualion is more complex when the yield is considered as
on&;am/do{ioiafimmmu,mgﬂmoadomge&m.
Then, the yield will depend mone on the developmental slages al which
stress is applied and on lhe sensilivily lo slress al Tthose differen
slages.

Thiee key slages in the grain foamalion and crop yield are:

1. Floral inilialion and inflorescence developmeni slage where the

2. Antheais and jerlilizalion slage, when the degree Lo which this

jolential realized is fixed,

3. Grain filling slage, when grain weighl increades rogressively.,
There are in addilion, considerable differences in morphogenesis and
reproductive developmenl belueen various cereal species.,

7.5.17 Jnflorescence development — SLighl walen slress can reduce the
rale of appearance of floral primondia. Kusain & Aspinall (1970) showed
thal number of primondia in barkey is more sensilive lo waler slress than
devlopment of exisling primondia. This is probably Lypical for mosl cereals.
They suggest thal if the stress is mild and relalively bnief, nale of
primoadial initialion, upon relief of stress, is more napid lthan in the
controls and the folal numben of spikelels formed may be unaffecled. On
the other hand, if the siress is severe, or proiracted, lolal spikelel
numben may be neduced substantially, Nicholls & May (1963) suggested thal
the number of spikelels pen inflonescence in barkey is deleamined by the
balance belueen the nale of primondial inilialion selalive lo lhal of epike-
of floral iniliation could markedly neduce lhe polential number of grains
fer &ar.

Whiteman & Wilson (1965) found thal the develoyment of the songhum
inflonesecence could be suspended during stress, yel could be resumed on
se-walering and resull in a [lowering head nol significanlly differeni
pu.ouﬂm.to{con.bwlplmb Jngenmal Atawaﬁa&d,mma.iofwualz
JHA0E 5o s sk

Hullguist (1973) investigaled the influence of walen slress on yield
components al panicle inilialion, al flonel differenilialion, and al early
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grain fill of tuwo hybnid genolypes, (42 and RS 626. A severe neduction
aboul 60%, in seed number per head resulled from siress imposed during
panicle iniliation. No primary panicle branch Loss was noled when lhe
Mme@Mﬂﬂ,M&memaZﬂmmm
numben through flonel alorlion. Seed size compensalion following the
60%&&WM{ADMM¢MW.@'MMﬂW
aboul 30%. There was no seed size compensalion following the early seed
Jill stress, Hublquist (1973) suggested thal differentiation of spikelel
components is a erilical period o waler stress, and seed number can be
neduced draslically al this stage, Pholosynthesis may also be Limiling

From the slage of spikelel iniliation to ferlilizalion of lhe ovules,
a number of other processes, associaled with the development of the inflon-
escence, are Likely 1o be sensilive Lo waler deficils and lhus cause a
reduclion in the number of grains per ear, or even in the number of ferlile
earns, Walern slress intenferes specifically wilh the sexual development
of the spikelels, such as meiosis of the gameles in barley (Aspinall el.al.
7964) and in wheal (Chinoy 1962). Howeven, the availabilily of mineral

Jn wheal, the polential for variable flonel numbers prouides an
opportunily for compensalony effects if stress is removed, This may also
apply Lo oals, bul would nol apply Lo crops such as rye, barley or maize
in which [lonel numben is fixed (Bonnell 7966). On the olher hand, allh-
ough compensalion may nol occun, relisf of stress in many species during
Lhe slage of inflorescence development may permil final grain number Lo
approach polential represented by the number of spikelels inilialed,

1.5.2, Walen atress and fertilizalion — Stress al anthesis mankedly
reduces ferlilizalion and grain sel in mosl cereals, (Coan is lhe most
sensilive al this slage; wilh a 50% neduclion in yield by briel periods
of wilting ( two on three days) Denmead and Shaw. (960 It is suggested
thal stress al this slage acls either 8y way of dehydralion of pollen
grains or by impairment of growth of pollen tube. Robins & Domingo (1953)
were of the opinion thal stress interferes with the genminalion of the
pollen Lube from the sligma Lo the ovules in coan,

Fisher (1972) states that grain yield in wheat is neduced most when
the stress develops aboul len days before ean emergence, because of pro-
nounced effecls on the grain number formed per spikelel,
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TeJe2s Waler siness and grain filling — Ullimale grain yield depends
on the rate of dry mallen accumulalion and the Lenglh of lhe grain [filling
period, Mg&i&ld&a/ww‘&bno}maﬁﬁdmmm{nnmtamﬁam
component, The efficiency component is complex, being influenced by sink
adequacy and a nelwosk of physiological processes (see page 3 Lo 8 ).
Furnther, some factons influencing lhe efficiency component may also influ~-
ence the Lime component,

condilions, Jn almosl all cases, the posi-flowering slage is the more
grain, The tuwo sources fon these assimilales are (P/S) in the ear itself
and translbocalion from olher parls in the plani, Although pholosynthale
accunulbaled prion lo anthesis coniribules fo grain filling, by far lhe mosi
contribution comes from the ean, the Leaves and stem (P/S)(Carn and Wandlaw
1965; Allison and Watson 1966). Asana (1966) showed in wheal, that nearly
filling,

Prolonged stress lhrough oul grain filling, even al moderale Levels,
neduces grain weight, Fischen & Kohn(1966)have shoun that wheat yields
Zend Lo be inversely corrnelaled wilth the siress induced nale of senescence
of pholosynthelic lissue aflern flowering. There is more rapid senescence
of olden Leaves which could Lead to a flow of assimibales from them Lo-
wands the ean (Allison & Walson 71966) as in maize,

Wandlaw (1967, 1969) has shoun thal there is Litile effecl of waler
stress on translocalion of assimilales in the conducling lissue ilself.
He has pointed oul thal iranslocalion oul of the leaves is slowed and pro-
Longed by walen siress., This phenomenon, combined wilh evidence lhal
walen stress hastens maturalion, and wilh the direct effect on (P/S) in
the ean and Leaves, conirnibules lo Lower grain weighl in slressed plants.

Slatyen (1972) slated thal the relalive impoatance of (P/S) in the
ean, Jlag Lea) and elsewhere in grain [illing does nol appear o be a
major facton in intenpreling yield decrements unden waler stress, There
Mbw#&MMmho#m(P/S}&wﬁummm
in conn (Allison & Watson 1966),






