
2E'''':i;tJT OF !lTE2 J .RE:3S 

OJ l' T"!!: GRO lTH A.:.) PHY3J:CLJ(n 0.' 

Th E. Schoo l of Gr'J~~uat8 St 

A .... 1Hs ,.b:.:,bo. Urn v ers i ty 

I II Pc::rti -.l Ful.:'i l ' h:;nt 

of the Requir8::ent Jor t he iLGr\,;(: 

M~s cr of S Ci0:Cd in BioloGY 



1 001 I\B/I U. IVERSITY 

Schoj l o f Gr u a e S d e S 

liThe effect of water stre ss n n th e gr o wth 
2nd p hysio l ogy of cowpe a ( Vinga u nguicul a 
(L) '1Ja l p) " 

b y 

Masres ha Fetena 

Fa culty of Science 

ipprovud y Boar d of Examine r s 

Dr . J . e . Tothi 1 
Externa l Examine r 

Dr . ''-mha Be l a y 
Internal Examine r 

m i s 
Dr . B~rhanu A ~ G she 

Chuirm n 

}. I I f 

, . 



L 

ACKN01VLEDGr ENT3 

I wi sh to express ~y sincere hanks to Dr . 8hibru 

Tedla without whose initiative , encouragement and abund- nt 

support this work would not have been possible . 

I deeply appreciate the excellent guidance , inspiration 

and unreserved support and cooperation durin the conduct 

of the experiment and the preparation of this manuscr ipt 

f rom my adviror , Dr . Daniel C. Adjei - Twum . 

I am deep l y c;rateful to Ato Legesse 3egash for ;hi s 

i nspirat i on and valuable suggestions , and for student 

8elome Beke l e for her immense inter est in this Hork and 

assistance i n the statisti al computations . 

To the Management of the Institute of Agricultur al 

Resear ch ( IAR) for allowing me to use their facilities at 

Nazar eth , to the staff of the Cr op Physiology Section of the 

IAR at Nazar eth, and to all others who contributed i n some 

way to the compl~tion of this work, I owe them my s i ncere 

appreciation and thanks . 

~inally , I would lil<e to ext end my aclmovvledgmen t to 

the Department of Biology , .r ddis Ababa Uni v· .... rsi ty 1 for 

sponsoring my studies and to th , Sl,wdish Agency for Research 

Cooper · tion with the Developing Countries ( 3 "-.REC) for 

f i nancial support . 

- i -



L -

. BST:t.~CT 

Effect of . atcr stress on groHth , ·lsiology , biochemical 

contents and s eed yield of co)pea (Vi na unguiculata (L . ) 

'Yalp CV . Black Eye Bean) grown at - 5 .0 , - 10 .0 , - 12 . 5 and 

-15 .0 bars leaf ~ater potential were studied to examine the 

possible mechanis1.Jsof cowpea adapt at ion to drought . The 

experiment wa s conducted und er gr eenhous e conditions and the 

t r eatments consist ed of irrigating the soil to fiel d 

capacity and allo~ing it to dry until the plants r eached the 

above pr edet ermined l eaf water potential val es . 

Plant height, l eaf area , dry matter, relative growth 

rat es and net aSBi wilation rate s d ecreas e d as l eaf wat er 

potential decreased . i3tomatal r es istance , on the other hand , 

i ncr eased as l eaf water pot ential decreas ed . The Doighes t 

r e sistance was r ecorded in p lants ma int ained at - 15 .0 bars 

l eaf water pot ential . Nitrato r eductase activity and nodule nl 

mb ers decr eas ed linearly with pl ant water deficit . 

iJat er str ess inhibited the ccumulation of l eaf chlorophyJ 

starch and proteins , but it increased the amounts of amino 

acid s , r educing s ugars and soluble carbohydr ates . 

3eed yield was also r ed cod y we er stress . Of all 

the co~ponents of seed yield , seod Size , pod ens lty and 

t le n ber of seeds j poJ were most affec t e . However, pod 

density '!jas t he most sensitive cO'7llponent of seed yi eld to · ~ateI 

d ficits . 
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It was concluded that the high dro ght resistance of 

the crop was mainly due to the pL nt I s ability to avoid 

water loss by maintaining high stomatal r es istance , 

r educing its total leaf ar ea and by tol erating dehydration 

through osmoregulation . 
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I N T ROD U C T I 0 I 

Among the dif erent environments encount er ed by a 

pl ant during its life cycle , rought is probably the most 

inhibitory an unpredi tabl e factor (Boyer , 1976) . Per aps , 

there is no other f actor that l i mit s grain pro ction so 

ext ensively as drought does ( Boyer an 1cPherson , 1975) . 

Its i njury occurs when various combinations of tie physical 

factors of the environemnt produce an i nternal water stress 

sufficient to de lay or pr even t crop establishment , weaken 

or des troy es tabrrished crop s , or alter the physiological 

and biochemi cal processes in plan s (Larson , 1975 ) . 

TerreStrial p l ants r ar ely grow in a natural envir onmen 

fr ee from water s tress for a period of more than a few days 

(Hsiao et al . , 1976) . In arid and semi - arid ar eas , there 

is no problem mor e ubiquito~ than ater stress (Hsiao 

et al . , 1970) . In such ar eas , a ricultural production may 

be reducdd virtually to zer o during a prolonged period 

without water (Boyer , l j 76) . In a lid o belt across some 

par ts of South s i a , India , Africa , the Ui ddle Eas , and 

i n other ar eas , f rom Nor thern Arge tina and Iorth - Ea t 

Brazil t o ~exico , f oo production for mil lions of people 

i s limited primarily by the er otic natur of the r infall 

(G pta , 1975) . In Ethiopi alone , an estimat e n b pr of 

seven million people wer e s ~verely affected by drou hts 

i n 198 / 85 (R2C Bulle in, 1985) . Thus , in 0 1 tha is 

globall t reat ened by droughts and the horrors of fa ne , 
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'.Va er is t ost i ortant of 0 r t ral resources ich 

is i vari bly in short u ply (Sla yer , 1967) . 

HavinG evolve in a fficdiu of ~a r , lif~ of all orms 

incl ding that of pl ts is inex ricably ependcn on 

ater for the functi on and survival of all living organism 

(Hsiao et al . , 1 76) . The functions of at6r in general 

n the position it occupies in a plant complex , where it 

has a cr cial rol e , is trmendous (Hsiao , 1973) . ~lt 0 gh 

a considerable amount of information on he functions of 

\a er has accumulat0 in the literature in r cent times , 

most of the physioc emical b ses 0 ~ater i plants are 

little understood (Hsiao et al ., 1976 ' Hsiao at al . , 1977 · 

Slavik , 1977) . 1dhilst there have been Orle advances towar s 

the und8rstanding of w ter stress phenomena in plants 

recently (Kramer , 1974) , the study and characteri zation of 

the b haviours of individu 1 crors , under dro oht conditions , 

leaves much to be desire ( ~rnon , 1975) . 

It is therefore of Great import ;:mce not only to chara ­

cterize an q antify vJhole lont water stress phenomena 

( .amer, 1974) , bu also to invcs igate an eval ate the 

various physiolo icel conse anCGS of water stress . This 

ay facili ate he idcntific io of he pccif ic processes 

and co trol mech i ms 0 pl nt wa ' r responses ( Ibert 

and Thornb0r , 1977) . 

Th s , ow p11nts arc Jf_ecte y ~a e efici s an 
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'hat mec ani~ms enable thtm , nev r ·.ele": to s rvive or 

even thrive are probl ems of p i mc sign· ficance· plant 

physiology vith iD~8diate prac icol implications to ag icu­

IturGl pro uc ion (Hsiao 0t al . , 1976) . 

The incr ea sing r ealizat ion that he occurrence of 

roughts is more or less in',vitabl e , has le plant scien is 

to desper~tely look for crop plants which arc better a apte 

to dryland conditions (Gupt a , 1975) . This has necessitat ed 

a close examination of the kind of r e sistances shown by such 

plants , including thu ~ natomical , biochemi cal and physiologi 

mechanisms i nvolved an he degr ee of tolerance . 

As in most oth r c ses , crop plants differ wi dely i n 

their responses to water strJSS cond i ions . lot on l y are 

they di ff erent in the kind an d~gre e of resistance they 

show , but also in the particul ar physiol oGical and mor pholo ­

gical mechanisms they employ to comb at it . Thus , in the 

search for agric Iturally productive crops , tha identif i cati l 

of drou3ht r es istant crops and the characterization of the 

pecific adap~ivu traits for b ~tter ill nagement pr actices in 

gener'l (Herbert an Bagger n, 1983) , n r eeding progra ­

mmes to introduce the traits into Mor e dap~e genotypes in 

articular , has become of paramount i mportanc) (Veim ~ ~ . , 

1981) . On~ s ch crop th1t h's r ecen ly rec'eved he attentil 

of a~ric Ituralis s as a pr omising ~ la is co 1 eG (Kay , 

1979 " T k ~ nl . , 1 80 ' Al l en End Ob r , 1983) . 
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Co rpea (Vi n (L . ) lp) is hot .ca e 

nual l~gume of ri, se i - ri n ur:1i 1'0 i "" 'hich 

has b~cn in cultivation qince ancient timCb as foo for 

human cons ption (Irvin~ , 1974) . I is grom h ou hout 

the sub - tropics nd tropics both as a source of e;rai s an 

green vegetabll:s (Purs~glove , 1968) . tccord ing 0 ~rnon 

(1972) , it is the most il!lportant p Ise crop grown in Africa , 

particularly in regions witl low rainf 11 . 

During the low r infa11 years of the 1970 ' s co 0 s 

produced seeds under rain-fed conditions in the ~u ani n 

zone of \frica, when all oth~r drought esist nt cro s like 

sorghum (Sorghum bicolor (L . ) and pearl millJt failo to 

produce grains (Turk ~ 31 ., 1980) . In experiments 

conducted by Hiler et al . (1972) , Jcowpea pro ed s eeds eVE 

when it was mai ntained under so severe water stress as 

- 28 bars of leaf water potential wlich is normally lethal 

to many other crops . 

Extreme drought resistance ( R chie and oberts , 1974 ; 

Turke an Hall, 1980) i s not the only att 'bute co pea has 

in its favour . The crop is one of th~ few wh'ch co b i ne 

dro ght resistance 7ith high yielding potential (Turk et al, 

1980; Zi~ka nd Hall , 1,83) . Besi es , covpea can yield 

s i factorily der · bre 8r div~rsi y of soil climatic 

nd c 1 ural co dition' 11 n most other Ie mino s crops 

(Irv'n" 1174 - hllan and Ob r , 1983) , a act that sho 1d 
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very '.Jell be bor e in ::nini in oun ries uc os 3; h'opia, 

1hcre here is m ch mor" ' 'v ,rsi t thun unifor i ty a.ld 

sev re droubhts O"C r nith ~l ring fre uen y . 

In connect'w w'th its lide aptability , an interesti~ 

feature of cowpea i its capacity 0 grow on poor voils 

(Purseglove , 1968; Westphal , 1974) . This is p"1rtly d ~ 

to the fact th3t it is a leguhle . leguminous crop can add 

upto 500 kg of fixed nitrogen to soil er hectar per annum 

(Purseglove , 1968) . As a typical legume , the ability of 

cowpea to r educe atmospheric nit ogen to th util i zable for m 

not only enables it to grO\J without any additional nit ogen 

fertilizer , but also s ives it he capa city to s1d som~ nitrol 

to the soil from which other crop ~ could benafit . J ith the 

increasing prices for commercial nitrogen fertilizers for 

peasant f orming , the role of CO\~eD in mi xed farming syst~ms 

in crop r ot tions and in gen ral 3meliorqtion of soil con­

dit i ons need great.r expl itation . 

Cowpea is nlso crop that is r el'1tive ly ec1sy to c l tiv~ 

(IAR 1970; 'lestphal , 1974) . Owing 0 he a ility of the 

crop to cOillpet~ with grassev a~d othei p~rsistent ~eeds such 

as I erota cylin r'c ill so e sys 'e s of tra ition3l agri ­

c lturtJ , the cro co 1 be plon e witho ony revio s lan 

prcparntio (Arno , 1~72 ) , 

~ ong tle sev~r 1 er 'ts of th~ cro , h, mos impor a 1 
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and vide prea of its U "'E:: is ·.e uti iza ion of he see 

meal for v Jriou or. s of h a foo (Irvine , 1974) . o'~e~' 

r0 now principally a subsistenco cr op for farmer .:> i n the 

semi-orid r egions of Asia and flicn (Purscglove , 1976) . h~ 

seeds cont, i n about 23% protein (Yay , 1979) . Thus , they pIa; 

an import'-n t rol e in protein requirement in the human diet , 

particularly lysine suppleillentation in the i et s of the 

peopl e in those r egions who are Ie r gely ependent upo 

c er e0 ls (Crabbe and Lawsoll , 1981) , 

I~ addition , cowpea is very popul qr as a pot - herb in 

some p rts of tropical Africa (Purseglove , 1968 ; Irvine , 197' 

It is good fo d er crop f or hay ( l ~estphal , 1974) , and an exc ­

-ellent cover or catch crop (Irvi e , 1974) . 

In Ethiopia , which is bnsidered 0 be the origin and 

tb e centro of diversity of cowpea (St ee l e , 1979) , the c op 

is mainly grown in tho dri .r reg ' ons of Hararge , KODSO 

and nrobab ly Eri teria ( .~'e stphal , 1974) . The crop can grow 

at altitud es as high as 2000 m. n th Konso ar ea , they are 

u ually g 0 n together with other rops such s sor hum 

( /estphal, 1 74) . The seeds ar c Ground into po der 

f\) Q. for the r eparation of var' ous me Is . Th0 Chsko in 

South - \~st ~ hio ia ~at t ~ leaves as spin ch ('~s phal, 

1974) . 

e ite all the good O~ ribu es of co pea , it h s no 
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b cen studied Tn ch, in comp(lrison .~ ' h 0 h r cro s ( 1 e an 

Obura , 1983) . ~\.vt:!ral a hors , no abl k Ha 11 ( 1980) , 

T r k 0t al . (1980) an Summc i eld ~ al . (1976) hav~ recomme 

that mor~ studi~s on tho spe ific adap ation t ' of the 

crop be conducted . Bas vd on the exi stance of conflicting 

resu~ts , Hurbert and Baggc r man (1983) an 3ho se ct a1 . 

(1981) also sugg~ stcd het more inves t igations into the 

sensitivity of seed yiel com oncnts of cONpen to droughts 

b e. conducted . 

The presen alarmin~ drought condition i n the country 

has necessitated th~ search for drought to1eran and wi ely 

adaptable crops to the cOillltrY i and this has been the backgro 

and origin of this ork . The studies being r eport ", hero , 

ther efor e , have the followi ng specific objectives : 

1 . To study t he growth and deve lopment of a cowpea 

cultivar , com~only grown in t is country , un er diff 

nt r egimes of soil mois r e ; 

2 . To invest i ga G t e s ensitivity of seed yield and its 

components in cowpea 0 1n' r stress ; and 

3. To cha cterize h. specific , morphological , phy­

siolog 'cal 3L biochemical me hanism involved in 

avoidance and/ or toleranc e 0 

co p t3 .... . 

str.ss i 
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R.!. V'I.:..1 '0 L T 

t . 

Ian l' takes place i a ~ous Deprived of 

, t 1' , plants il n i . a y~r (1967) escribe a e r 

as he most im~ortan b sis of l'f- . :r mer (1)66) cal ed 

it t. ynamic unifying entity . The amount of 7a r ;hic 

typical land lant~ consume is prodigious in q a tity , vas 1; 

mor~ 'han any of the ot ~r substances vhich er t m and s< 

hundred times mor than their wat r contents at maturity 

(Pric~ , 1974) . 

The central posi ion wa cr oc upics in life stems from 

its uni ue nhysic l/chumical proper i~s . It is an ex re ­

mely good solvent for pola s bs ances and .artic larly , 

for ion hich have ar- re ching conse.uenccs for 1i 

inc e any biologically il port ant subst nces are ch rg'~d 

(Nobel , 1970) . as r 1 ively n high specific l~at 

ana tier. al conduc ivi y for a o h proper ie~ aKe 

it an i ea c bstun e for e _ aintonance 0 ~mpe a ure equ 

librum (Di 11, 1979) . ~. i" rel ti-ely ra inco prc-

sible at g pr u cs 

n his op r Y lind r i 

1 70) , T ter 

rad' io , e 1 

c cel s in C'vu~ i s 

hys'olo 

le i 

lui e 

'0 ch 

bmcrg 1 1 n 

ical co iv ons ' 

pI n ppor ( 0 

or nt 0 isible 

oro la s i 

e oce s . 



Tt P Y9ica s ruc e 0 

i 01 boo ilg ~h' r re 

(ten'ile s'r g-h), an 

r in'ol' S Y ro i 0 

i1 i; 1 n r 81 rC9sur s 

r ce tensio o . Th s 

a er ilibri. r v ...,(- . 
~o • port'n" intngr ti g forces n 

lont life ( rafts , 1/68) . 

In tue living plant, uat~r OCClrs i m n st tes ~nd 

is involve in all physiologi 01 processes : la or of hydrc 

tion nd 'ffibibition in colloidal ph ses such os in cell 

walls , os~otic later in vacuoles and phloem conduits , and 

hydrostatic water in the xylvm (eraf s , 1968) . The sour e 

of oxygen involv d in photosyn Lesis an .... hydrogt..n used 

for carbon dioxi e r~ uction is ~at r . The phosphoryla ion 

that r0sults in the gener tion of he impor an 8n~rgy c r -

rb y, 'TP , is a dJhy r~tion proc· involving the extra-

ction of th2 compone ts of - t~r from ~D plus p osphate 

( ob(;l , 1 )70) . '.Inter is importon :or th0 structural inte -

grity of cells, issui 8, end or~an's s ~s a vhol . It ' s 

th~ vit~l solven ith vbi h m'neral nutrients an 0 -her 

ood substonc ·0 arc tronslo ~L In fnct , th0 functions of 

wate n plen ystu s ar so n • crOlS; a d accorrin o 

siao t 0.1 . (197~) , a Y a to elabor, t on the can 

only lm t..r t e th cose . 8uffic it 0 ~y hen, t a it 

.~ al ost 'mpossible to co cei e of ro er ies of cells 

and ho e 10.. ithout .' .nd it rop r i s . 

, inc\,; dro gh . t. c 'CS 0 cro il r 5 
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in in o. pa 5 of . c :0 r 'cll rly i 

t ir 'orl co tries, "he 1 ysiolo . cal eff ctC'" 0 

~ ress on c op lants h~ve t d can er e 

attention of c"entis~r " ter ~tr~'s c naris 't er ro or: 

insuffic' nt rcscnce of at r the pl nt environm or 

from its excess \.; T ruscncc " The for er occ s s 

a result of 'ater bficits or rOI gh s iN ill; ~ lntiEr 

occurs d c to flooding of pl nts in \.Jxccss of fie l d c3puc i y 

(LGvi t t , 1980) " Floo ing of plants in "xccss a il;;ld 

ca acity caUSl'S lL:uching of mineral n trients (Adje ' - T um , 

1976) .;.Ind ss nt i 3.1 int~ me iate m2tabolites from r oo s 

(DRvidson e ~ . , 1973) . . also causes thG roplacomen of 

ir by stur 71icb rus 1 s in poor aeration . Foor aer t i on 

causes oxy.sen d\:.f i c i ency in roots (,!ampl an Rei , 1975) . 

Th effects of oxygen eIi io cy i n plant h ve been 

st ied by ,~mplc and ei (1975) , L bc ~s( 1976) , Sojka et al . , 

(1975) an Lambers ut al . (1978) and thure s 0 r l;; r ion 

of shoo devl;lopment , s a res Of oxy ~en c i ciency i n a l l 

cases . Bog ie (1974) obtailed severely ret r ed gro : h 

in Pice sitchen is er low oXY"e concentr ions . ", i na -

roj 1 ct al . (1976) also r ported . si nif ' c n r ~ uc ion ~. -
n bot 00 l1nd oat gro ~ h i b rley . L mbers (1976) 

s II ie ""u:- ro ion unde floo 'ions 'n 

Dn 0 h" h ro . -. a 50 G n i i in t E! floo 

re is ~l t SP? ile r spira io i 
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et occu in t floo - ~ n ·t·ve 3 p ( . ,acob~ , 

Th mos 0 vio 5 i j ry of 100 Ig in roots 

is the, ccumulation of toxi prod ctc::. of anoero osis th t 

ollo~s thJ str'ss iGPoS d by oxyge d ficiuncy (Levitt , 

1980) . Tcverthelt.s'" , lik' tlu streSS ca S0 

de icit~ , floc ing doc not brin a out dir 'ct w8ter po e -

ntinl stress in pI nts (L.vi~t , 1980) , ,8 r oiici t stJ. ess 

in soils , on th~ oth~r h nd , produces both pria ry nn s con arJ 

effects (Hsino , 1973) by directly affecting plant water 

po ential (h~iao , 1973 ; Kr~m0r , 1974; Levi t , 1980) , 

Plan wat.r r e lations s b st uxpln ine by t' e onc~p 

of \H)tcr otcmti81 , ',"oter po \,;nial ( J) is the c \...r:lic 1 

potenti~l of vnter hich is efined s th partial mo18r Gibbs 

i'rf'e oner y of .atlJr at const~nt pressure an to per't re 

(Oertil , 1971) . Tho f ctors hich affoc' he chemical po e -

nti ... l of \/'Jte in pLmts n be SI 'm rize into hy rost tic 

prossu e or te sion , collGg'" iVe of ects o I.' soluto an i n-

tor ction '.'it.;h mutrix 0 solids and m cro, olec ll;;s , T s , 

pressure o en t i a 1 ('f/ ), 0 s. 0 i ., po' n ia 1 ( f - ) a 
/1 

m'"' ic 

po ential co s it to he co pone o v~ er Ov nti 1 in 

1 ts (Hsi 0 , 1973) , whi ravi o'ion'l 0 0 1 ( .p ) 

cons it s a our com or 11 0 r ot ti 1 soils 

(A , 1980) . 

r fl x ou "oi 1 nt S s en s 0 
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occ r a10 i n s 0 ocr si po ( 

1973) . r ~ ore m . zo , .J 

1 ce sc.r'ly c } '" gr~dien ' of 0 a1 .J t po cnti 1 b t 

CO,I on t poten i r , 1967 j Slavi 1 75) , 

arts, le;,VC consti he sin r for 1i i< fl ) , T 

flux of later from tho roo - soil ~n pl~nt - ir inter aces i 

du to he rl,;place .~ t 0 f tl e ., :loun of JD. ,r re.nspired , 

Tlw riving force is, by 'II ... 1 rge , the ov""r 11 differe Ce; ss 

in ' D.t~r potential bet '0 bsorbi g root surfacc~ an transr i -

ri~6 erial s rfaces of olants (Jlavi~, 1975) , 

Thl,; theory of li ui '10 . req ires that lont J t;;r ote -

nti.l be 10vI,;r h n '.3t of the soil 0 f~ci1it ~te J t 

rption by roots , ny crea s in th VIDt r potenti 1 of 

th0 coil i~ , therefore , accompanied by c. corres on in~ 

ducreaSL in tl _ wat r pot~nti 1 0 the p1 l.t . .h::n thi 

ccrease in pl n's is belo th~ level necessary for ~e 3bolic 

ctivities , water ic't st e s sets in , :at\,;r eficit 

str~ss in pl'n ~ , therdfor~ , c e lops ~ res It of n i be. -

1 nee 5 P 1y fUInish 1 by the soil wa'e an 

tL ro .ulreI ~n s of th pla '(""lI3Y or , 1 67 ' Hs" 0 1973 ' 

Sl.-.vik 197,) . 

r s '11 

no ril,' b ... cco nie n n d gr e of 

an 5S ( r 1 69; vit 19 0) , ccor i 



0 r 0 (1975) o.f 

pI p n s 01 

1 'ts con 

roo 'n othor is, u 

- :;-

yl0 

r ro S 

nt· sis 

0 tl c p n 

(197 ) , 

0 ... 0 

t 

,hic e 

t 

h 

so e 

phy~iologic 1 f etoIs; n t r si~t c~ '0 h ~ 01 ro t e 

8 00 .. to into th 'tmospr 

condition . 

,hie v ri~u . ith a 08 eric 

The physiologicgl proces~es in pl~ s are rimeril-

(\ function of t cir \nt<::r s ~tU3 an rl;.: only irf.::ctly 

affec cd by ~oil a,d at~osphuric ~3t~r stress (Yr am r 

1969) . Thut pIa v~ter potential is more cpcndent on t e 

resistonc s of pl<tnt tivsues to Jo. er flux , r th r h n on 

soil a d a mospleric condi'ionp , hos been monstra od by 

J nes (1 70) an Stoker nd '!'Jatherley (1971) . Bege; an 

TUl.n r (1::17) , for xornplc, found thnt brup ch 11 es i 

tobacco leaf Wo.tCI pot rtial ere s a rus It of high r 

loc< 1 r si.:,tEmccs betel:;n .~t m xyl m em petiolu x 10 

Studi <, by BOj'<;.r (196 ) ;ho'v' ,d thJt r'sista ce,;J in roots erc 

t ic.,; as .huch as in ~Jtem "rld u f' issu 1 us , in nny 

g&' 1 stuly on I;.: t;fft.c s 0 a 'cr s res., on the 

evelop en' of di c measur ent~ 0 1 ut .a 

~t 'us s ch ns Ie po n'i,l i r cO"tl~nd 
. for v 

10 r s ( ra .er , 10 69 ; L rso , 1975 - L 

o h 
~--------~~--~~--~----~~--~~ 

Th 

iv b 

ro 'J 

ev r 

o e 

ors ('on' s 

s s s 
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Boye 19700; T ylor cr , 197 

1 j8;) , Oft n, e c io a eab1 

cifce 0 r 5 .... ( si'o , 1973; r 97 ) , I 

'-cner~l , the ext nt of r c 0 on he o 0 

or s rt;;S5 d t e snocills cone.rn (Ga ~", 1968) , I -

o ton, for instn ce , ro t inhibi ion may r s 1 fro a very 

small r d ction in :a er ot n ial as rom - 1 0 - 3 b rs 

(T ylor nd ~10 p~r , 1)74) , rown and T nner (19 3) observed 

rcduc' shoo Grov h in 1f'llf lh~n 1eof v; I er poten'ia1 

ropp d b~low - 10 bars , owcv ... r , in so 0 .c8c i a spp . gro'/tt. 

~y con in u cv n if h lot'r potJnti 1 rop to a very 

10 l~v~l of - 50 b~ r s (d iao , 1 73) , 

The lowes 03sibh: plant ter po 0 tial ... vcr repor te 

in co peo.s hS - 28 bl1 s . 'h's VlOS un er reen ouse condi 

( iler 2 ~. , ] ;172) . Howev r Cls.r lr ~md Hill~r (1973) dete 

~min0 wat r pot""lti'l in lysi c ers and eport d a t 

10 es 05si It.: I 1 or oten lal in stres e' COWT n s , 

ion 

condi. w:;.s !'Ibov~ - 15 b 1 s , ..)imil ly Turk 
un er -.;1 ons , 

and Hall (1980) r pOl' ' tl P ess l' chat or meas re en 

of 110' prussur i'11 n co v ri. lS l' ",ffi3ino 

.bove -18 r 

le gro 'h c 0 0 0 os : c 1.1. isio 

c,11 cnl r m li~fcrt.:n 'i t'on (L 0 01 1 70) , 

de 'e 0 nsitivi y 0 s 0 . t l' S 55 v r es 

conci era ly ( 0 , 1970 ' B vi " 1 )75) , 11 h s 



n i v(;> , 1 
" 

c 11 or; c 1 o~ 

s 1 0 n r, 1 

it /' S in of 

for 'n ib' ion 0 c 11 

rgc en (LO(; 1 65) , Il co c 11 n ... , 

ore s nsit'v to at r .,t S6 0 ny 0 t - o her 

sts 1..!6 of cl.::ll gro ·th (BOY r, 1 70a) , Hsieo (1 70) 

ob~~rvud a ~cr~as~ in ulong i o maize leave i a v~ry 

sm 11 re ction in le" ,nt r )0 en 101 

Cell di 'sio 1 "s "180 b"en found 0 be s nsi iVr~ 0 

V: <J.t0r s ress (Terry e al . , - 1971 This .os d 0 

a gr~ct~r rC11.l.ircment o· er , 1,7hen c'lls er la in 'to 

sev.;r 1 folrl of heir originc..l siz , dur'n c 11 ivision 

(10 itt , 1980) , 10 v'r , Y y (1980) show 

h·t ct,;11 1ivision in pen ... t; 1:1.:> ed at It;; 131 of 

s revs ·htl id no· f c en 0 the hr 

) tage . .l of cell row"h, cull di feran r her i -

mu1 ted by ,~t es .... (JJ vi , 1980) , 

filer 01- (1972) il.. th' t,;fl Gt 0 la. w ·r 

c ici on h r po tl t lan 

h~ight \ 6 r i in(; ici 

Den c 0 

z 1 r s cons 1 r 

i y 0 0 nc (1975) 



r por 75}o \,;c1' n c t i poi 

th 10 on 0 c 11 ,:a ir hib' d 

( 1C' n , 1 7/) , he It:l h ot in 

.snd I , 1960 ' Christian~ , 1 77) ' 

tl is cons u! 1y r",s It~ il shor 't;:r plan s ( 

S ' 1 , 1960) . 

nd 

Th effects of wat r d~ficits on cowp a l~a' ereo ave 

b~2n studied und0r gre~n ho se (Hil~r ~ ~ ., 1972 ) nd f i~ld 

(l rk an Hall , 19800) conditions . I oth c ses , subs n ia: 

'~cru~ses in le~f ar n ~~ e obs rv~ ~it incrc sin atcr 

str<;)ss . J:.ccording to Boy r on ,.·cp _rsan (197 .... ) , It.: f enl a -

rgo ,cnt in m iZe V3S mo t 8 id when 1 'af t~r potent ' Is 

VJ",ru bv t\"~en - 1 . :/ on - 2 . ) b::lrs ,n th y I;cl in~d y , 

when leaf \ otl,r po -..:nti Is ecr ·asu f ur he . Lo le VI t", r 

potl.nti::ll s 0130 in luence L;[..f prod cL i on "t rou-h t \;; i r 

c fects en 1 of i. i ti3tion i merist GiS an s bse e t cell 

division ( oyer and tcP crson , 1975) . L st ics y BOYl.,.. r 

(1970 ) , 1 af enlarGement fr), S sevl.:rcly inhibi 'Ih 1 l(;o f 

w3te po nti 1 as abo t ··2 r .... an it pr cticolly co Sl.,.. 

at v 1 (:8 as h'B as - 4 bo. s i sun 'low r , _ 0 b rs in m iz 

a - 12 bo s in In If , h~ i i i 1 lea at r 

0 cntial b 10 1 f "'r~a l.: ns on las - 10 

',r (131'0 1 c1 198,,) . T 5 , \j n l ... ~f 

sio ) , 0 r-.; c ( cell 

tr S8 , 5 U 0 C 0 

0 1 II co lp 5 , '" r c 0 in c - n 
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n i po "n ro 'oi c 

in C 
1 

OCi T 1'1< lz 19 0) . I ho 

t \,;tic c tot:! r fl c uc ior 0 

1 ( ry (Boy r , 1 )70' ; Hih:r 1 72; 

ur Hall , 1 80a) . howl;ver , a r c ion in 1 f 

Y occur 3S co q enct: 0 i.creastl s rescc c of 

der wa ,r st e. s (Boyer , 1968 ; c.' ioni an 'rame , 

197-; Tlrk an I all 1)80) . 

D Y mattvr acc m 1~ io i s also eIfec 

su stantinl1y by W er s r~ss i posJ 1 t.o va io s 

of thu crop (Eile ot ~ . , 1972) . Bo r an 

fcPhclrson (1,)7 r)) re ortu 0. positive correl~ ior b""t t3 tru 

rates of thotos ~heGis a dry matter '1CC' 1 i01 . r 

st dies sho ~o thfJ tl e ry m t-:r n 0 pI n s 3'" 

re UCI,.; a P o'osyn h tic ro in plen 5 un er 

strl: Lurl{ a. d all (19 0' ) 'Iso -p rt t at 

0 -

~fiei to;) I inr; h vc e 3 i \;, r pro uc ive 
oil 

a 

s 100 

shoo 

n 

( . 

ois 

co of 

ry 

Thl,; 

ure 

i 1 o :r.. cow C 

at tl r . 

lan\.;s . c 

o o 

Ii 9 0) . 

0 ·s ltt) i 

y m 

. i I . fic I ly o fUr 

on ,-,n 

1 nt 

of 00 S . 

00 rio) 

ovo nc 

'0 
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avo i d droubhts by accumulating largt r amounts of dry D. ter 

in their roots thun in their shoots ( Ar on , 1975) , ar i 

et al . (1980) subjccLe d soybean plan s to water strc s 

unt i l their leaf ',JiJ. t ..: r potentials re ached - 12 ba r s and 

r ep or t ed that signifi cant dec r eas es in the dry matter contents 

of leaves , stems and PQt io l ~s and an i ncrease i n r oot dr y 

matter occurred , Si l vi us et al e (1977) i nvGs t i gated the 

a ffects of water s tress on carbon assimi lation ( 14C02) and 

di stribution i n soybean p 18nts at d i ferent stages of 

deve l opment and repor t ed a r elatiVel y mor e accumul at io~ of 

14C in r oots than i n aerial parts . Such al t er at i ons in 14C 

di strilJUt i on was found i n p l ants wi th v"at ~r potential s of 

between - 15 and - 20 bar s . The growth of roots at the 

expense of shoots faci l itate s efficient "ater absorption by 

r oots . It i s al so ~ function of the wat er potent i al gr ad i ent 

whi ch is l ess steep in roots than in shoots (Chri stiane , 1977 ) . 

One gr owth para sta r which has recently attr acted the 

attention of researchers on soil- plant - water r~ lat ionship s 

i s specif i c l eaf we ight ( SL .;) de f i ned as leaf blade dry we i ght 

per unit l eaf area ( Gilvius et ~., 1977; Fischer rnd 'I'ur nc r 

1978) . In genardl , specific l eaf wei ht increase s und er 

water stres s conditions (Turk and Hall , 1980a ) , ~ccordin 

to Fischer end Turner (1978) , th8 specific l eaf we ight of 

desert shr ubs is toto thrue - fold mor~ thun th:t of many 

herbaceous pl.:1nts . How..:ver , SL~1 co Id al 0 be afft:cte b y 
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plantin~ density or chan3cs in sol~r radio. ion levels 

(Turk and Ball 1980a) . In a study to determine Jhetlcr 

specific l'c)':lf weigl t coulri provide a measure of the long­

term wat~r status of cowpea plants , Turk and hall (1980a) 

obt ined pos i tive correlations b~tweGn SLI and c~~ lative 

xylem water potenti31s and between s~ed yield an SLV! . 

~ater stress also caused som~ reductions in certa i n 

growth par ameters such as r81ative growth r ates (~GR) 

(Brown and Tanner , 1983) and net ass i mi lation rates C.TA.R) 

(Lawler , 1970 ; Sl avi k , 1975) . The RGR of plants is the r ate 

of lncre:lse in plant materiEll per unit ime . NA..ii i s the 

rate of increase in plcnt materi al per unit of assimil atory 

materi a l pe r unit time (Radford , 1967) . In gener31 , water 

stress affects RGa through the same mechanisms with which 

it affects pL:;mt growth such as t ts effects on cell turgor , 

cell division , 1Gaf area d8velopment and photosynthesis . 

However , th0 conseguencffi of wat0r stress were EI reduction in 

plant 6rowth (Levt tt , 1980), due to d2creasf~s i n growth 

promot i ng hormones su h as cytokinj.ns (113i and Vaadia , 

1965) and increases in growth rotardants (L2vitt , 1980) , 

and in ethylenc (Pratt and Goeschl , 1969) and abscisic acid 

( 'iJright [lnd Hiron , 1969; Lovt)y s an YriiJdmonn , 1973 i 'l,uarri e 

and Jonos , 1977) in particular . 

;'lJ. er str'Jss aflocts NA.R thro gh it effects on 
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,. hotosynthesis an r e pir '3. 'ion (Yane; 3",U ~nd Talm~r , 196 ) . 

K nemasu and Tanner (1969) a 'r ibu ~d a r Juc ion in -AR , 

DS leGf \'.at:... r potontial vcrcBsed a:..l] sto .. otal r~ i tanco 

i ncreased , to increas ed rcspir~tory atcs , due 0 higher 

ambient leaf and root temperDturcs as a result 0 r~duced 

transpiration rates; and 3 decline in photosynthetic rat~s 

coused by 0 dec r easing SUJply of CO 2 and imp ired bioche i ­

cal processes . 

C. Effect of Jater stross on Somo Mot3bol ic ~ctivities 

of Plants . 

It has been r eported by s -vv r 31 work ~rs that photosyn-

thetic corbon assimilation is adversely 3ff~cted by wat~r 

str8ss ( Boyer and Bowon , 1970; BOY0r , 1971 ; Chen et al . , 1971) . 

G\.;;nerally, both tho light and dark reactions of he photosynthE 

pro ~SSGS are advdrs~ly aff ct d by wat\.;;r stress . Plant 

wator deficits inhibit th~ rat a of photosynthesis by r~ducing 

CO2 assimi l ation i n thv light as 0 rdsult of stomatal closure 

(Gal e and Hag3n , 1966) , by r0ducing total leaf ar a (Boyar, 

1970a ; ._rnon, 1975) and by inhibition of Hill re'lction 

( Boyer 'J.nd BO',Jen , 19'10 ; Boyar , 196Gb) . 

1hilst workinc with isolDtcd chloropl sts from Jatur 

str-..;ssod po, Dnd sunflo\J~r le v.s , Boy.-r and Bowvn (1'.70) 
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Observed that oxygc~ Gvolution dccr~~se linearly in proportion 

to leaf ~ ~ater potentials , vhen the la t r "Jas belo - 12 b-'1rs 

in both pea and sunflow~r . Boyer (1970) studied phct osynthesi: 

i n cor n and soybeans at various leaf wat~r potentials and 

report8d that photosynthesis in soybeans was red cod at 

potent i als l ess than -11 bors but the r uduction in the rates of 

photosynthes i s i n cor n occurred at - 13 . 5 bars . 1.c co c l u ed 

that wDter defi cits i nhi bited photosynthesi s because it 

di srurted the integri ty of chlorop l ast membranes and inhibited 

Hil l react i on . Si mi lar r~ sults wer~ obtained by Ib ~rte at a l e 

(1977) who repor ted that ,igment mol ecules were dostroyed in 

wate r stres s ed pl ants . How 8vcr , NADP+ r educt i on dur ing Hill 

reaction proc eeded at decreased rates only hen p l snt water 

ef i ci ts were ver y sever ,· (Sl av i k , 1975) . 

According to 81~vik (1975) , the dark rL3ctions of 

photosynthesis consist of two main processe: a) physical 

transfer of CO2 from tin plcmt I S atr.lOsphore to th0 car boxy­

lation c0ntres in the chloropl asts; Lmd b) tho var ious bio -

chemic 31 proce ss of photosynth0s is . 

Under wat er str0sS , r e si str.mce to CO 2 influx , i . e . , 

bound ry layer diff sive r sistAnce (transfer in the bound,ry 
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air l~yer Jdhering to the l eaf surface ), s omctal iff siv 

r~s ista ce ( iffusion in air throurh the utom3t~1 apert res) 

an mesophyl l int drcellul ar r~sistancd ( acros s the ~esophyll 

intercellular spaces) have b 0en shown to increD s~ -t ifferent 

rates (Redshaw and ~0 i ner , 1972; Pi at0rs an Zima , 1975 ; 

BQnc ~ , 1977) . Of the three , howev er, stomatal diffusive 

r esistance is the most obvious mechanism by hich I da f water 

deficit affects photosynthetic CO2 uptake in highGr plants 

(Boyer , 1971 ; Levit , 1980) . Thus , it was pr i merily due to the 

r e sistance to CO2 influx to the carb oxylating centr es i n 

wat e r - stressed plants that photosyn hetic carbon assimilat ion 

was r educ d (Levitt , 1980) . 

The sensitivity of stomata to wat Jr st r ess ha s b een 

"found to vary from one plant to another (Hsiao , 1973) . The 

threshold levdl of wat er potential a.bove which stomata 

r ema in open (or below which sto~at3 close) is a measur e 

of the r esist ance capacity of a p12nt . The thre shold l ~vel 

of soybe ans - as found to bc - 10 to - 12 bers (Boyer , 1970 ) , 

- 7 to - 9 for tomatoes (Hsiao , 1973) . In some sp 0cics of 

acaCia , however , stomata r~ma ined open at a wat e r potential 

of - 50 bars (Kram er , 1974) . The mu chanism of utom t a l 

action i s largely dependen on the pheno~enon of turgor 

pr essure - Cl function of botl th(. anatomy of gun d cell 

nd water potenti a l gr~dicnts . 
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Stooa 01 r~sistancc n8creDs d 8S sto at 1 pert· rc 

incr-.:as8d , hen the t.lrgor p I;SSur~ of hI;; g ar cells ho 

sufficiently 8XCbO ed th~t of thG n8ig bourinb epidermal 

cells . Humbl t; <.n Haschl<e (1971) Clnd ::>chnable and Haschko 

(1980) reported that a libh -induc~d incrcRGU i turgor of 

guerd cells w s primarily due to watur upt-::..ke as a consequence 

of a decr~ase in osmotic pot~atiJl caused by ~TP - d0p~ndent 

i ntake of pot~ s ium ions . In the dark , the clos r of 

stomata and a r eduction in their resistances were attribut ed 

to some losses in the potassium ions (Hw~ble and aschke , 

1971 ; Fi scher and Hsi 0 , 1968) . 

The i nvolvement of potassium ions in the r egUlation 

of stomatal aperture has been r ecently confiro8 by Pemadasa 

(1979), '·Vilmer at a1. (1983) and Pemadasa (1983) . Besides 

potassium ions, hanges in the conc8ntrction of starch, ma­

late and chlorides in g ard cells h,?,vG also been implicated 

in the ochanism for the control of s oms al aperture 

(Raschke , 1975 ; Pemadasa ? 1~83) . 

Di fferences in the r es istance of stomata on tho ada ial 

and abaxial sides of Ie ves , unaor water stres , wer~ repo­

rted by Raschke (1'075) . .lfOrID3.11;y , th ,:; bo.xial si 0 ho. a 

lower resistance tha.! tho a oxi 1 (Yonen:tsu an T:.l ner, 

1969) . Th i s observation has ~e! support2 by Perna asa (1979 

who r0port~d that higher rat ~s 0 starch hydrolySiS and F 

cc ulation occurre in th~ abaxial than in the a axial 
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guard c\:!lls . 

Ever since the pioneering Nork of ,;right em !Ii on 

(1969) , abscisic acid (AB;), a growth inhibitor, has be n 

found by sevorGl investigDtors (1u3'rio an Jon~s , 1979; 

Zoevart , 1980; Ackerson, 1980; Hall and l..!c 1'ilia , 1981) to 

increase sever31 fold in amount in tissues under water stress; 

and this r esulted i n tho closure of the storlata of such 

plants . With r egards to the mechanisr of a~tion of ~BA , 

Dittrich and Raschke (1977) and MacRobbie (1981) sho\ed 

that ABA induced the efflux of potassill.fJ i ons and 

mL late from guard cells to their surrounding epidermal 

cells . Th("; efflux of potnssitlITl i ons and mal ate increased 

the osmotic potantial of guard cells from which water 

flowed , following water 00tent i al gr cdicnts . The OVerall 

eff ect of this was loss of turgor by guard colIs end 

stomatal closure . Thus , r educe transpiration r ates , due 

to the closure of stOI:!:Ct3 , wer", l,::.rc,ely the result of 

incre8s~d synthasis of IlBA in stressed plants OJilborrow 

and Noddle , 1970 ; Z .. :h;vcJrt, 1980) . Howev8r , since he path 

along which wo.ter esc pes from :1 pl ont is also uS0d by 

CO 2 to enter it; the same mechonis , th~t the plcnt u es 

to avoid ~nt~r 10ss , i . c . 0ighcr ste at~l resistanca , 

sev~rely impairs photosynthetic r 2tcs . 

A decl "ne in the photosynth0tic rat s i n vater s ressed 

pl~nts w~s attributed 0 reduce Lctiv"ties of ribulose 

-1 , 5- diphospha <.J carboxylDse (O ' Toole ~t -.1: . , 1976 an 
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1977) nnd glycdral ehy 0 - 3- phosphate ehydrogenase (L0C 

and S~uvcrt , 1971) , due to so~~ changes in t mol "' c 1,3 

con i gurat i on 01 th~ for~er and the ox'dntion of th~ If­

hydryl gro ups i n he l~tt~r . Ho ~v~ r, th~ r ates 0 ATP 

synthcsis and r eduction of 3-phosphoglyc~ric ac i d de cre3sed 

only under very s ever e condit i ons of water stress (Slavik , 

1975) . 

Tho r esplr otory r ates in plants , under wate r stre ss , de ­

pend upon both the degr ee of the stress and the tYP8S of p l ant 

species (Br ix, 1962) . Yoepp,- c:t al e (1973) obtained maxi ­

mum r espirator y r a t e s in maize seedlings a t l eaf 'ater pote ­

nt i al 01 - 16 b3rs but Brix (1962) r eported constant ra~es 

of r esp iration in tomnto p l ants with l ea f water pot~ntiGls 

betwe8ll 0 and - 12 bars . The r espi r atory r at0 s gradual l y 

decreased with l eo. f wate r pot enti 01 , when the L .t t 'J r decr eas ed 

furthor fr om -12 to - 36 bors . In loblolly pine s , how8ver , 

there was a sharp drop i n r ~ spiratory r Jtes , when l eaf 

wat Gr potent i r l d8cr o8sed to -12 bars follow0d by a rapid 

incr ,Lsl? i n r esp iretory r t~s to .3 maximum , as 180. f wat ~r 

po t 0ntiol decre se f urtho r from - 12 to - 36 b ers ( rix , 

1962 ) . Ac cordin . t o Lvvitt(1980) , a necline in r es ir )tory 

rat ~s i n wat er str0ssed p l lnts a z~ro cell urgor pr essure 

was due to incroas Gd i n 8n zyme nd substr te conc l?nt r 3tions 

as well as d~cru ses in c 811 vclume . How,-ver , i nhibition 

of t he activities of enzynes , dec ease i ntercellular p ces , 

incr 3Jscd visconity of c ~ll contents nd r~ uce rates of 



- 26-

gas exch ngcs in pl n iss s i th low v _r pot~n iDls 

led to decre~sed ruspiratory r 0S . 

Trnns l oc :.:t i un of photosynthc;t i c product s hes b .11 sho I . 

to be e.ff c t·~d by 'J nt Gr stress ( RGid , 1974 ; :3hc i kho l essls.r: 

nnd Curr ic:: r , 1977) . Phl oup; t ranspor depen oj on gr ldit:n ts 

of hydr os t atic pr e ssure ( : r e i ng nd P~trik , 1975) . Rvd ccd 

tro.n s lOC:lt i on r at e s i n w er - strcssed pl an s r esul ted f r om 

dire ct disturbance s i n phl 08n pr es sure gr ad i ents , due t o 

a r educ t i on in tissue wat er potGn i81s ( Sheikhol csl a.< and 

Currier , 1977 ) . Ho", ev r , ,{ardl ow (1969 ) , an G llaghe r 

e t 13.1 . (1976 ) r epor ted t h.3t tr :mslocat i o p0r s e was not 

a limiting f act or L. pl ants under wat\... r - st r es s . Re uce 

translo c ~t ion a t lower va t er pot ent i a l s wa s attrib t ed 0 

li~it ed source capac i ty be c8us e of a r 0duct i on i n phot osynth­

etic r Lt GS <nd smeller sink c3~acity , due t~ th8 3 ver se f f ee· 

of 3;r owt h i nhi bi tiors C'~\nrd l o ~ , 1969 ) . 

Generally , PJost 0 tho eff ects of fJat' r s rc.;~s on 

t h0 phys i ology of ~lants can be raced to the over pll red uct i o. 

i n cnzYil.::ttic cctivity ( :\.r non , 197)) . This is r \;..sul t 0 

configur at i ona l ch nges i n mol\;.. c lor str cure e to 

dehydrotion (D~rbyshirc , 197~, on the onv hand , nd rv c d 

pr ot e in synth0sis ( B3rl o\ et 0.1 . , 1977) , o. th oth r . 

An enzyme t t h s consist"ntly shown:l ecr ease in 

act ivi t y with ~atcr s r lSS is nitrat0 re ctase (T ) 
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(Bo.rdzik E.;t ~l . , 1971 ; rflor i ll.:l·3 a1 ., ,)73) . 'orill c 0.1 

(1973 ) r_ported that ~R activity iL corn s~~ lings d~c l in d 

by 50% of thl;:; cont r ol plants 18 1~3f v3t",r potc:nti"ll decr ased 

to - 2 b r s . A decrease in JR activity WDS attributed 0 

decreased r ate s of pr ote i n synth8si~ d increased r ates of 

the degrRdation of on zynes . Sinil~r r esul s ver e obtained 

by Plaut (1 974) in whent seedl ings . Nitr ate reductase is an 

i nducib l e en zyme ( Afridi and Bew i t , 1964) . Huncd , 10 er 

t r ans l ocat i on r at es of ni t r ate s fr om i nact ive poo l s to site s 

of ac tivity in stress ed p l ants was responsibl e for the r ed uc ­

t i on in t he a tivity of t he en zytlc (Morillo et 0.1 . , 1973 ) . 

Bes i de s rc uced ni t r o.te reductase activi ty , water 

def ici t s i n s oil s and p l ant t i ssues adversely inf luence n i t r oge 

metaboli sm i n l egwili nous pl snts b y i nhib i t i ng no ul st i on 

(Sprent , 1971b) . Accoring to Spr ent (19770. ) , th; nitrogon­

reduc i ng act i vi t y of nodul es ceased when tho moisture content 

of d<,j t .)chcd soybean nodules dec r eo.sed by 80% of their f resh 

He i ght , due to e i ther on i ncreas.:.d. r8tc of d~s ruction of 

enzyces or 0 r""duc tion in the rc .' s of protein synthesis . 

Pr ot ein synt h<,jsi s W0.S shown to be adverse l y affecte 

under wat" r str-ess conditions (Barlow ct '11 . , 1(77) . SUB'" 

beet lesvlJs subJected to pr010l"l::;cd . o.tcr stress con in cd 

s~aller ClOu...l1tS of ~)roteins than those fOU:ld in norr.:lal 

1 ea.ves (uho.h o.nc1 Loomi s , 196'3) . imilt.r r~su1 ts vier\.) 

obto.ined in soybeans by tukuto U ond Y ··a "(1982) ho 
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report -:d D. dt;cE.;D.s", of 83% in t e tissue s 0 str ss '" pl an s . 

rlopid chon_os in the Ivvcls f olyriboso os i. Zea lays _, 

i n r~sponse to wa 0r stress, also r s It~d i. r ' uc rntl.;:s 

of protein synthesis (Hsiao , 1970) . D Ito r a d Ja t ard 

(1984) r .jport ed th2t decrensvd r'ltos of my: synth .Isis occurri:; ( 

i n stressed plants . Lower rates of prot in- synthesis ere 

a lso due to some losses i n RNA as a r t;S It of ircrcase 

RNas e actiYity(L~vitt , 1980) . Soone and HageG n (1977) shov.ed 

tha t leaf pr ot ei n losses in str~ssed corn sCvdlings W0re due 

to sone increas es in th ~ activity and concentru ion of prot eol · 

ytic enzymes . One group of cell orgaJ.elll3s hich is s acept ib 

to such prot eo lyt i ~ activities , when subj ected to ~D.ter str~ss 

i s that of chlor opl asts ( ~oong and Rage .an , 1977 ) . Some 50% 

of the dry lIie i ght of chloroplasts is COI!lpos~d of various 

prote i ns (Bonner and Varner , 1 65) . Thus, the l oC'ses i n the 

chlorophyll cont ent of p l ant l e~ves On respo se to water stres 

as r cport .A by Mohanty and Boyer (1976 ) , .djo i - T1;JUlI! (1976) , an 

300D6 and Hag8m~nn (1977) w~re pr obably cous_d by enh~nc~d 

catabolisI!l and/or by the r etardation of prote i n synthesis . 

Mor eover , Alb ert o et al . (1977 ) rcport8 he t c sy thesis 

of tho light -harvestin~ chlorophyll Bib - pr otei w s 

inhibited by , at least , 507b Ua.'1der ild l e:d we ", r s r l~s s 

( - 8 bar s ) condi tion . 

5ev _r ol invcstiBctors h~v stu i~d tho total fr,",e 

aDino aci contdn s of Ian In( ~r WD. or str s ( Soong 

and HagecZln , 1977 ; Stow rt t al . , 1977 ; Jte'Jart , 1980' 

H'1l1mt:nlm ~n(l '(Mu;:) a . 1982) . In al o"t all S L. S , the ot:ll 
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fr8~ amino acids cont'~nts 0 st 1 t . as 
y r~3S~ p ~n's lncrcas 

v r~sult of enhanced lydrolysis o. prot i s . A cor i g to 

Fukutoku and Yamada (1982), to el fr~e a ino 3ci s incrEase 

mainly dUG to the cculliulotion of proline . . mons all the a ino 

ac ids , proline is thc most stabl ond resistant to oxi ativ 

ac id hydrolysis anJ the lC.Jst inhibitory of c 11 6r oJ h 

(Levitt , 1980) . Thdse properties I.ight account for thc obse -

rV8d significant rise in. t e concentration of this anino acid 

i n plant tissues subj ec t ed to wat~r stress (Barnett and Naylor , 

1966) . ,Stickler (1964) r eport0d th t proline was synthesized 

from glutamic acid i n stressed shoots . However, stevJart 'et al, 

(1977) report ed that the convcr ei on of prolinc to gluta ic 

ac i d and , hence , to other soluble compounds , through proline 

oxidation , was inhibited in stresse b~rley lGav6s . Thus , 

according to stewart et a l e (1977) , hi~h lev01s of prol ine 

i n stre8s ed pl ants wert." maintained through the.. inhibition of 

proline oxidation . Bes i des its ubvi ous r ol e of 1'0 cing 

the osmotic potential of pl ant issues which prevp ts dehydra-

tion , tho synthasis of proline and ather amino acids ith 

smeller mo l ecul es could also have a rol~ in decr aSing the 

levels of th0 otherwise i n,jurious ,rH3 rel~ sed uring prote' n 

br8akdown (L~vitt , 1 80) . 

Re uctions in starch content followed by ~n acc~ 18 ion 

of soluble carbohydI'3tcs in. pl:m s un er w tor s re "s h<; v(.; 

been r~ported by s~v3ral i.v~s igators (Taidu ~ ~ . , 1967 ' 
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Barlow at al . , 1976; Pctd.'son at Cll ., 1977; ... 'ukutoku 13.( 

Yamada , 1982) . Fukutoku and Yamada (1982) reported tLut t 8 

tarch content of soyb~an seedlings decr0csed w"t 1 'a 

wat '_T potential . I t thOI beCD.Ii18 CO;lstunt , ~he it lE.!vel 

r eached 35% of the aoount in nornal plants , but thv content 

of solub l e sugars nearly doubled . Accur.ulntion of sol ble 

carbohydrat0s is a ,- chanisii of ost':.otic adjustment (Fe r er Gs 

~~ al ., 1978) . I ncreased solute concentr::ttion result 0d in 

lower osmotic pot8ntials which was ess t:nt ial for th(; avoidance 

of dehydration , under sev~rG wat er strdss conditions 

(Hodges and Lovio , 1969) . 

In lobolly pines subj 8 ct~d to droughts, Hodges and Lorio 

(1969) observed a marked i ncrease in th0 concentration of 

reducing sugars , Rnd tota l carbohydrates with ar approximately 

equival ent decrease in starch . In addition to starch hy r01y­

sis i n stress ed plants , an increase in solubl~ carbohydrates 

was also due to a decreasd in plGnt growth (Ho gas and Lorio , 

1969) . 

D. The ~ffect of ./at ,3r Str0ss Its 

Componcnts . 

It has lang b oon know th9.t thd ultiu \,; yield of aero 

is dcter~ined by th0 interact ion be 8'n its genet ic cons ­

tituti on and thd various e viron ~_tal f~ctor i cluding soil 

moisturc r egimes . Th0 ufI ts of at\,;r str~ss 0 yi-l 
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on what pr oportion of tho t ot al ry tt.:r i s consi':. r c 

'3.S us e ful mat er i al to b e h .3.rv0s :1 ( .rnon , 1975 ) '! or t.c 

J!ield cons ists of IlOS t or all of t h ... a eri a l p r ts 0 cr op , 

'-'s in t1 0 cas e of f or age crops , f or exec l c , t ht..: et-fects of 

wat ~r st r ess on yi el d will b8 ~uch th~ sa~e as or total pl nt 

gr owt h With fruits and s e8d s , on the othur hand , t ~ effec t 

of wat er s tress depends on the ~ ~GE of or~ Ith 3 W ic t e 

s tres s occurred ( Ar non , 1975 ) . 

Although a number of physi ol ogi cal pr oc ~ ss G S c ontribut ~ 

t owar ds gr ai n f or r:a t i on in crops , phot osynth~ sis and th.:' a ­

ns l ocation of photosynthate s fr om SOurC0S t o sinks , ce ll 

divi s i on and c ell enl ar geTIont ar v the aj or pro ~ SS G S i nvolved 

(Boyer and McPhe r son , 1975 ) . It hGS b won r e cogniso i n 

nuober of crop s t ha t t he dry matt er stor ed i n s eeds or 

gr a i ns mainly r 0sul ts fr oTI phot osynth is t ha t oc urs d rin~ 

and a ft 0r anthesis ( Arnon , 1975) . 

With r e spect t o t he ef fe ts of q ~r s r es s on r in 

yi 01d , many i nve s t i gat or s have shown th~t t Ie fl o ;eri .g 

and c;r±l-filling s tage s ar e th\;; !:lost critica l porio s C !3Y 

and 1':Iil thor pe , 1962 ; Tal ho. ::m OSI.,en 1975 ) . i oni t and 

Kr a F:.e r (1977 ) r 0port ed tho SC0 yiol d i n soyb~ S ' ~s c on<" i -

d0r ab l y r 8duc8d when ~wat Gr s tres s W' i pos\.: 

sc8d -for ~at i on and gra i n- filli g s 8g S ju to 

i n the n UiTlb ur of f lower prir.:.ori i s ( rnon , 1975) 

photosynth8tic activi ty (ohous e ~t ~l . , 1981 ) . On 

l..,croE.\sed 

C cun r r .. 
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Darnptey and ~spinall (1976) cpor cd oil .0. r s ross 

promoted thc davelopncnt of inflor scence in Zca a/s . 

Rep0r ts on thd -ffects of watvr str~s o. soe yiel 

i n cowpea a r e conflc t i ng (H~rb~rt and B~ggcr a , 1983) . 

Hiler at a l . (1972) i mpose atJr stress at v3rio s p as's 

of gr ovrth i n co,'lpea 3nd repor ted that ir:.pos ing stress e. t the 

v0ge t a tive and pod- f illing stagGs as less dotr'men 31 t ~l 

at the f lowering s tage . However , Sw:w:", r fiel 6t,., 1. (1976 ) 

fOlh'1d tho vegetat ive stage:; to be most Se .si ti ve . Turk ~ .::11 . , 

(1980 ) r eport ed t hat th~ occ urr enCd of droughts ring both 

the fl ovJ0ring and pod-·fill ing st 19c:S s bst.:m io.lly r~c ct;d 

tho y i e l d i n t wo s eJsons ~ howevjr , drou, hts d' ring th~ 

vegeta tive s t 35e alone r ~d ced yi e l d i n only 0.8 of the t 0 

years of experinentation . 3i n i lar rosults ",rl;; obt i~ltd by 

Shouse a t 0.1 . (1981) who repor ted thn t soil ,r. t r efici s 

occurring at the vogetJtive st t.l.l~e ha 10 si nific9nt effect 

on seed yiol d but wat er deficit at th~ flow rin s "00 r3 U ~d 

seed y i e l d by 44- 45% . Shous~ ~ nl . (1981) -Iso report. d tho. 

occurrence of dr ou6hts dur i ng th~ no illir..C t:l of th~ 

crop r educed seed yield y 39% . 

Her bert anJ Bagger mQn 1983) and Jho s~- e ~ . (1981) 

reported t hat , of all h0 cornpol1t.!n t. 0 s E.d yi 11 , 

nwb~r per pl ant , st.!od numb ~r per pod St:: siz . rt,; he 

most iopor tant r egulato s of St:: yiol i c poe . 10 v r 

the experi mental r os Its of Turk ~t 1 . (1980) , ~ho so 
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( 1981) , and 'Icrburt o.n B r (lCi83) ... . L' f.rL1 3n ') .., 0· ... < ... 

pod r.J.illber per plant (pod density) ,; s til \ nost s ... nsitiv 

co~pon~nt to water stress . R~duc ion in ) 0 nULbe r in r 

ponse to ·at .)r stress has b ... en ascribE.. yTulr~ 1. 

(1980) 8S an 8colog i cal strat~gy of cowl Gals r ... s onS E: 0 

stross to insure that vi abl e s~~ds are pro . uc e for perp 

~ r educt i on i n the nuwber of seed prinordic is rev.onsible 

f or r educ ed numbers of se ed f>8r pod . R~duc~d se" numb~r 

per pod can r e sul t fro m water stress uring flo~erin an 

pod - filling stage s (Shouse at 31 . , 1981 ; Turk 8t 0. , 1980) . 

Seed siza r e f l ects the r e l at i onshi p bet~een sourc s n 

sinks of phot os ynthesis durin th ! pod- filling st 1ge . 

Scall ur s ~ 8d s r esult fro~ lioit cd source cappcitiy ue to hi~ LI 

pod densiti es or direct effects of wat8r str~ss on photosyn-

tu osis and/or trc.ns l oc3tion ( Shouse Et al . , 1981) . 1 snal1er 

nu::lbor of seeds pu r pod .!lnd 10\ver ~ oj dcnsi ius , UU", to weter 

stress , r""sult i n li L l it ~d sin' c 'J.po.c ity and a Sil k lir ito.tion 

\vhich r l.:sults in r -.; l <1 t ively bigz;er s", ~ l s (ShOUSe ~ a1. , 1981) 

One p~ro.Qct or which doscribus sour e - sink r c l.tionship i pod/ 

sc ed ~ eight r atio on per pod basis . rhi s parnoe r i~ n ga ­

t i vely corre l ated wi. th the rc tc of trQl.sloca ion . 

Besides the advers e eff~cts of ~ct ... r strl.;ss IJr~ , 

tho yi~ld of cowpua coul also bv r ... d co by i "'y t · <.: 

t~Dperatures which ar e cho.ro.ct~ris ic fe't r~s 0 ro 

st.c!sons (Shouse ot aI. , 1 )81) . J C exec siv Iv i' t" 
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t 00p2 r o.t ures i ncr\:..::;sed t he r te Ol ow r a.bscission in 

cowpea (uuuLl2rii c: l d c t 31 . , 1971l ; urk.)t al . , 1 1) . 

E . Sone ' daptat i ons of Plants to Ja.t~r 3 ~ss . 

Plsnts Gr o i ng unde r conditions uf fr~ u nt an of cn 

severe wate r stre ss may be a apted to survive in 0 c of t e 

fol l owing thre~ 'ays: they ~ay escape , avo i ' 0 tol ra 

dr ought s (Asana , 1965 ) . Thus , f ol lowi ng he tl.-rninolo y 

of Levitt (1965 ) , Bewl ey (1979) divi ,G xerophyt es into: 

a ) cph~u.eral annua l s i . e . p l ants t hat co .plete h0ir life 

cyc l es i n arid habitats within brief pl;r i o s when water 

is adequate b) drought avoi ders i . e . pI au s with th ability 

to exclude drought s fro~ their tissue s by r~ ar i 

of water l oss from thei r ti ssues an1/or by increasin~ th ir 

'1b ility ' to absorb wat er; and c ) rought tol r (:m ts i. e . hose 

p l ants which t oler ate and survive water stress wi hou on-

serving wat er i n the i r tissues . 

Unlike dr ought avoi der s and r ought toll.-r' n s cpher'crals 

(drought dscapers) have no E~chanisrn s or ov~rcooing wa er 

stress . They r ath3r escapl; d'ou~hts by shorteninf, their life 

cycl es (L~vi tt , 1965) and accor ing to i rnon (1 75) n 

B.Jwl cy (1979), such pl ants ar e no tru Li drou'11 . r sistar s . 

Drought avoiders art) elluipDed with So e 118ch n1. I.S hie ene 

the ir tissu8s to mainta in hi e leve of ruidi -y n or 

potent i al when exposed to wat ~r s r "",s ( i- vro st~j 

I E 
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1981) . Thi s is due mainl y to some f~ctors such as d eer 

roots s yst oms , thicker -cuticl es a d s:;l.!ller c 11 volum ich 

enab18 them t o malntain the optical w tcr contnnt for roo } 

( ;,.sana , 1965 ) . Duch r.la i ntai nance of avourable ~a .]r 

balance and t urgi di ty is achi eved TIanily by controlli 

transpi r a t i onal wat e r l oss (Levitt , 1980) . 3tonatal co trol 

of transpir at i on is the most i portant ~echa is for conser in 

wat Gr ( Hs i ao , 1973 ) . As already describ ed , tho sensit i vi y 

of stomata varies wi del y f r om one plant t o ano her an i n 

gener a l , the mor e drought adapt ed spocies have a be t cr 

control over thei r s t omat a 3nd could close them at r~lat ive ly 

lei ,.!..c).r wat er p ot ent i a l s (Levitt , 1980) . 

It has l ong b een known that st r ess avoiders h~ve very 

l ow r a t es of cut i cul ar t r ansp i r ation . Ona way by which these 

plants i ncreas e the i r cut i cular r esistance is y inc es i g 

their surface lip i ds (Leek e t al. , 1977 ) . The hydr op obic 

natur e of lipids decreases tho perTIl~ab ility of tht~ cu icla 

of s uch p l 9.nts t o "at er; and this pr obabl y accounts for 

d~crea s ed cuticular transpirat i on (Ho g on , 1973) . I 

additi on t o stoI'la t a l and cuticul ar res i stance , 0 her Ileens 

str ess avoi ders empl oy to r oduc e water J osses r oo thei.r 

tis s ue s ar e by r ed ucing th~ surinc Dr~a of h.ir l'aves 

and by r olling , f ol ding and shedding of t eir 1 aves 

(Fall and Shulze , 1980) . 
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Although the pa r t icular drouG t a ap ion m c enis. 

o cowpea is not clearly unierst oo , it is sus cc cob 

a drought avoi de r (Turk 8t 01 . , 1980) pr' oarily ue 0 

i ts ability to ,maintain hi Ch tissu a t er poten ial hen 

unde r water stress . Mor eover , r ed uctions in 1 3f r eu (Hal 

and Schulze , 1980 ) ond l ower transpirction r a t 0s (T rk tal . 

1 980) ar e very CO ;1~I:lOn in cowpea p l ants subj ect ",d 0 e.tel~ 

str es s . 

As it has already b een mentioned , stomata l closure, a s 

a means f or i ncr easing r esistanc e to wa cr l oss , has se~ious 

limitations on photosynthesis . Som~ pl ants overcome this 

limitation by assimilat i ng hi ghdr rates of 02 f or a given 

siz e of stomata l aperture (Hatch and Slack , 1970) . Thus, 

th8 r ap id carbon dioxide fixat i on i n many trcpical grasses 

and sow~ dicotyl edons ( C- 4 pl ants) , throught the C- 4 do ­

carboxyl ating pathway of photosynthesis (Hatch and 31ack , 1999) 

i s on e I:lG ch2nism us ed by plants to s i ~ulataneo sly incr3as 

photosynthet ic effici ency and also avoid the adverse 0ffec s 

of wat er stress (La etsch , 1968 ; Arnon , 1975 ) . Tier e is 

als o anothe r photo syn het ic '.:Jtl ay i n a nu!lb~r of s ~cc lent 

P i J tlts call ed cras sulacean acid ~~t~bol i s~ ( M) . Thi~ P 0 -

tosynthet i c proc ess r educos water 1 o~s in p1al ti~s s 

without 0. concomitant r eduction i n hotos n hesis . L r ge 

amounts of CO 2 are fixed i nto ''10 1 . c aci t ni . D rin 

the day, , t h8 ill lic ac i d is dccarboxylRt d to ri p vic aci 



- 37-

and CO 2 and the latt t; r is u.,ecl or or el C; pho osy e -

sis (Osmond, 1978) , The AM plotosynth.;tic P 

on e w2 chan' sr; used by" S OL e strvss avoi ~ rfl (1rno. , 1975) . 

Plants which tol er ate wat ar str~ss r~ thoSt (.ich 

r esist dehydration or desication and survive severo condi ions 

of wat er defic it s ( Bewl ey , 1979) . Un or ese circ Qstance s , 

plants ara able to avoide dehydration only if t oy nanage 

to ac cUITlUlate sufficient amounts of solut es to acrease 

their osmoti c potential to a leve l l ower than that i 

t he ir environment (Hodges and Lorio , 1969) . One ay thro ght 

which plants achieve this is by increasing hJ concentration 

of thGir cont ents of soluble subst l. nc\::s such as r e ucing 

sugars , non-rGducing sUoBrs and total solu I e carbohydrates 

( I-Jo d tje s and Lorio , 1969; Peterson et al . , 1977) . T s, the 

acc u8 ul ation of relatively lower ~ol ~ culor organic conpounds 

durinG water stress is one me chanis by ,Jhich pl ants ma int i 

a lower oscotic potential i n their tiSsues an1 avoi de -

hydr.qtion . 

One of th~ most s ~ vcro conS0. uonces of water str\::ss is 

the destr uct i on of me~beran~s on ~acronolec 1 s (B~wlcy , 

1979) . The int8gritj of enzyt:lc. s, nucleic r;cil 

ma cro- mo l ec ules can be retsine if some wn e r r 01 ins a so -

ci ot ed with thee to prev~nt the fo na i on 0 fovo f1b l e 

conformati on ( Bidwell, 1979) . In ~la s tol~rD t to stress 

normal conditions are . gil Dchiev, by th,· P 0 c io of 
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low rllo l eculsr or gcnic compounds . This facilit£ltes the 

Lai nta i nanc e of bound wat er in p13nt tissue s (Bewley , 1979) . 

The s urvival of ei ther a dr ought avoiding or dro ght 

tolerant p l ant under a r id condit i ons i s th~ r es ul of 

adaptive f eatures tha t , a t best , erw.ble pl ant s to gra N, 

or at worst , all ow t hem to survive . The s t udy of thesb 

fe atur e s not only facil i tates t he s el ect i on of breed ing 

nateria ls 1y p l ant breeders but i t al so i nc r e .:! s es our n er­

standing of the phys i ol ogi c a l and/or structural buffers 

that enable plants t o ad j ust t o t he ir environment (Arnon , 1975) . 
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MAT:!£RIKLS AND I':ETHODS 

A. Growing. Conditions . 

The exporir:cmt s were conduct ed i n the e;r eenho S e; a 

the Institute of Agricultural Res ear h St ~t ion (I:ill) a 

Me l kass , Na zar e t h , in tho SU~Jl'1er of 1983 . During th~ xpc­

rimental pe riod , the t emp er ature and humidity in the r cc ­

house were not controll ed but wer e r ecor edcd wi th a hygro ­

ther nograph . 

'1'ho dai l y mean maxi mum and 8inimum t eperatLlres wer e 40 .50 

and 21
0 C r espective l y . The r e l ative h i dity r nge betwe~ 

19 . 7 ~ll1d 80% . 1f'hc.~ me an light int enSity and the 3ily .8.gn 

photosynthetic act ive r adiat i on at 1200 i n the gr eenhouse , 

duri ng the g r owth peri od , a s measured with 1i- 188B i te r a i n 

quantW!l 'radiop.18ter/ photoo.et er (LI - Cor Incorpornted . Lincol , 

USA) 'Nere 300 WJtts m- 2 and 685 ES- l m- 2 , r~ spective ly . 

Cowpea (Vigna ~gui cul~.9. (IJ . ) Wa l p CV Bl c3 ck Eye be 

seeds obta i ned froB the pul se sect i on of the I nst itute 0 

Agricultural Research St 8t i on at Me l kassa , N zar eth, wer~ 

on J\'ll1e 3 ,1983 i n b l ack po l yethel ene pots 00 em deep 

with i nte rnal di a~eter of 15 cm) conta i ni ng 50 g of soil 

3.nd sand 2: 1 (v /v) . :Seven se ,,:; ds were pl o.llt ed i n cac po 

but the seedlings wer e thinned out t o thr oe per pot seVt:ll 

days after e~ergence . 



- 40-

B. Trs8t;;';'8nt s and .,tI.;xp eri _cntal Design 

3eGdlin~ s wer e wat ~ re adequately Q~t'l 50% r~uc 

trifolia t e sto.gcs· 2nd then sub j ected to four h:<>f ;8 r 0 e-

ntio l treat ments . Treat~ents consist c 0 irrig9~i g t.e 

soil to field cap2.c i ty o.nd a llowi ng it to dry un il 

pl ants r ec ched a prede t er~ined leaf wat ur pot~nt ' Qls 0 

- 10 . 0 , - 1 2 . 5 and - 15 . 0 bars . Leaf outer pot ent ial s le r~ 

noni tor ,:::: cl every othe r day betwoen 1200 and 1400 . The 

-5.0 

soil w~s r e - watered to fi ol d capaci t y whe evor e ch t r eat en 

r~achod its pr ede t e r mined l eaf wat er pot ent i al . Thi s cc i q e 

wes cons id er ed to b e s uperi or to t he use of soil .oisture 

l eve l s JS trea t cen t s , s i nce t ho wat8r s t atus of pI a ts ar~ 

8or 3 r esponsi b l e f or t he i r phys i ol ogical pr ocesses . 

The tr;:" Cl t uent s wer e in r andoDi zed cODpl e t e block desi n 

wi th t~:cc.::c replicnt i oEs .Each experir:18 t el plot cons i s C 

of 28 po ts for t h e de t er Qi nat i on of the var ious D ra .et er 

I n o.dd ition , t har e we r e other pl ant s f or moni t orin l eaf 

v~atc;r po t ential s us ed ::! s a gui de for the wElt er ing t r e. t .lt'm s . 

All 8xpcrilmmtal pl ants wer e bCI'der 8d by gu rd p I s . 

C . Dete r I1inat i on of Le t.i.f ·,,·ate. ::.r-=-~ _ _ 

R8s i s tonce and Plant G owt h 

Exc ept for pl ant he i ght , 1 af ar ea and dry ID8ttcr 

dete r minat i ons , and unle ss ot her wise i _ icat e , 11 

W t t t".: 1 0.~ f 1Dat ~r pot .ntl· nl s i n -11 treo Ins e: r t,; 1kon. when _= ..;,;. ,. - "" 

f 1 f ater pot ~nti 1 r aa ch0d th~ pr edetermi Led val ties 0 ea 

anJ bof0re r ewot er ing . 

rs 
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1 . Leaf Wa t er Pot ential 

Leaf wa t 0r pot entiel as estim3ted u h . 

chamb,~r ( Scholand 2r .:; t a1. , 1965 ) a8 dcsci'ib~d by r jei-

TWU:::l (1976 ) . Theyoung8s t l oaves , f lly xwm d , e 1 

and we ll expos ed t o sunli ght fro r:i three r an lo-nly selee'e 

plcnts c:ar mar ked for this p urpose wer ., r~movvd fron e,L 

y 

pl ot, on each occassi on , for de t er min,::!ti ons . The pet' 01 ,la s 

i!..lL1ed i at ,:; ly p l aced through t he aperture; in he Ii of the 

chamb0r with the cut .end of t he petiul e pr ojectc to he 

outs ide . Pressura ( with nitrogen gas) was anplied un il 

xylem sap appear od at th2 end of the pet i ole . The Ii d 

pr0ssurc was r ecor ded .:1 S the negCltive pot cnti 31 of th ~ xyll::r.l 

sap and C:. :llCas ur e of t he l eaf water pot ~ntial . 

2 . stomata l Res i stance 

Stome t a l r esistanc e on the adaxi a l surface of the youn s 

and f ully expanded l eave s , which wer e opt' cally oriGntl.:d 

to the sun , wer e used . The stowat 1 r 0sistane e was 

r~ined with a poroQct er (Lamb,a Ins t r uncnt vor por atio , U~ ) 

by the E18thod describ 8d by T(onemaSu I:Jt a1. (196 ) . Th , 

c •. ~as urec:!(;nts Ner c t aken from thr ee l eafl\.;ts r a ldo ly sel e e 

from separate ~ l ants i n ea ch pl ot . 

3 . Growth Paramet ers . 

The e f fec ts of water str esS on thG eha ges in y 

w~tter cont ent s of pl ants , l eaf or ca dl::v~lop~cnt n 
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hvight were studil)d at ten- dey int0r als . Ie' 5 i il 

r8t~s (NiR) and ru l ativd growth r a as (R~R) wer~ es 

o 

c 

during the per i od betveen the begining of the firs ' ryil 

cycle ond the ~nd of tho s~cond drying cyclo in the 

which rec i eved the sever est water stress tr~ntQ~n . 

i) Pl ant he i ght 

Tha height of p l snts from f ive r andomly s~ldctcd p19 t~ 

Per plot was measured fro m the soil surface in the po to he 

highest po int on the t allest l eaf ,t ten- day intcrvals fro 

25 until 65 days after sowing . The ill an heiGht Der plant 

was then r ecorded . 

ii) Leef Ar ea . 

The l ee f disc method as described by Adjei - Tw 1 an 

8:;)l i ttstorsser (1976) was used f or the detdr I ' natL)n of Ie f 

area . Al l l e av ds wor e r emoved fro~ f i ve ronjo ly selac ~ 

pl ants par p l ot and a 1 .5 cn2 disc was cut fr~m a random 

sa8ple of ten l eav es . After dr ying the iscs nnd h~ r c­

Bairing leaves , the tota l 10 f ar ea was ~stiL ~te iror he 

known area of the di SCS , the dry weight of t d'ses m. 

he total dry we i ght of l eavc;s . Pet i oles \. rio! exc lu I; • 

iii) Dry ~att er and Root/ Shoot atio . 

ThrGe randomly 8e l ec t ud plan s . wor~ r ~Qoved fro 

plot and seper ated i nto shoots al roots, ash ~ in 

each 
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wat3 r to r ODove soil and debris , chop ed into s all. r 

pi~CdS , dri ed overnight at lOOoe and wei Ghcl . Tte re 

0xpr es s c:d as dry we i ght pe r t) l!lnt part an r oot /sh 0 r t · 0 

i v) Specific L80.f ",ie i c;ht ( 3L::) 

3VJ .::::IS e stL.d t cJ fr o!} the foll ov. ing equati on : sp c ific 
. W 

l~af we i~ht = ~ , wher e ~ an] L are the lry weight an r ea 

of l e3f lan ino.e , resp ectively . 

v) Relat ive Growth Rat e s (RGR) 

RGR was esti.ca t ed froti the f ollowing oquation . 

RGR 
10ge"N2 -lobe W 1 

t2 - tl 
g/ unit tic..- , 

'Jnj 

where WI i s the est i ma t E.;ll tot a l l ry wci'ht a i ~ 

\J
2 

th0 corr0sp onding dry weight v. t tine t2 (Ra"l f or 

vi) Ne t assi milation Rat 0s (NAR) 

N' R t ' t 1 fro~ tll~ f oll owing equa i on: ~h wa s e s lDB eG u -

NAit 

wh0 r o vV l anJ LJ .:lrd the t Cital 'ry vCl.gh an 

')r ei} , r e s pec -cive l y at tir:le tl ' <;In 1 .12 an~ L2 ar 

ponl i ng values at tine 2 " 

o 1 Ie, 

t:! C r r s -
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1'he Jata wer e I' .:por t' '1 as .g 'Jay - 1 l1il 

- 1 day fo r RGR nnd NAR r 2sp0ct ive ly . 

4 . No.1ul cs 

cl.:. - 2 

Roots wer e ccr ef ully s epcrD. t ~d f oc soi l an~ obs~rve for 

effect i ve nodules . No~~ ules sep;)r at, 1 fr 0r1! roots '.., r dis -

SGct.~(~ an .l thos e which c unt ained a r urp l ish t i u u 6 T IJ.terial ~I.:l 

consider ed a s eff ect ive . The data was expr~ssej?os he nuobel 

of nod ul i'?s per p l ant . 

D. Nitra t e Reducta s e Assay 

Nitrate r ed uctase act i vity WDS dcter ui n,:. by the ~ vivo 

matho] of Kl epper et 0.1 . (1971) DS ~odifi ~l by H3rpor nl 

HaGeman (1972) e xc ept ths t about 0 .5 c 2 l eal strips 

( Ad j e i - Tv1IUm , 1976) were used instea~l of Uscs . 

Tho younges t anl fully expanc'h; l eDves f r om thrt:c r an'lomlJ 

se:lc:c t ed p l cu ts in each tr ,-'at nvnt Jere cOr:lpcsitc into ne 

sarlp l e emu thr 8e deter mi nati ons wer e ~~rforrJe 1 f or.! e ch 

sac'tf) l e . Fros h l eo.ve s (0 . 4 g ) frocl (,; h sac')l cr... r D. SfCI r( 

into 50 0 1 . 3rlenI!leY8r f l dsks containino 10 t"l i c t·o 

f1~diQ (0 . 2 r; KN03 i n l r\·l potass i UL" p osph \; ;)H 7.5) n~ o . 02nJ 

Ilpcmetr at i ng liqui d ll (0 . 4 1:" 1 10% (vjv) in 100 ·1 istillel 

wat..;r) . Th2 sa[1j,"') l es wor e evacuat;81 CJ 2 nin o i , v c 

lvscicc8t or . Ai r was r apiJl y r eint r o' cel an- the ro -

c~dur8 r epea t ed . Th S ")1"5 I··r· o th n inc b . . 8J. ~..... v"" . r 
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incubation , 0 . 2 p I aliquots ',t;r ~ then on lyz or • .l r'tc 

cont(;nt at 540 I1L1 . as described by Yl~pp r (1 71) , 

[lcti v ity W2.S ~XT)r0sse:d as p -,r>o l e s n0
2 

or ~.e"; 1- "'ra sh 

~oight per hour and ~sticJt~l from t e ollowin uq atio 

= 1 (OD70 X 0 .081 X 9 .8 )QDIO X 0 .081 X 10) 
~4 0 . 4 --------~O~.~4~~~-

wLe:rc OD I O and OD70 wer e th a optical dcnsitigs aftbr 10 

~nL 70 nin . , r espective l y; and 0 . 4 and 0 . 081 w~r~ he wei T 

of tissue uS0d and th-.; extinction cCEfficil3n of nitr 'ta , 

r~sp8ct iv8 1y . \ c t i v i ty per plant was estin3te~ by nul i -

plying t h0 ac tivi ty per gra~ fresh weight by total l~af fresh 

vJeight . 

E . Extraction of Bi ochemi cal Sub stances 

1 . Chlorophyl l 

Th~ method of Arnon (1949) was us eJ for thL: det~ r inatio~ 

of chlor ophyll . All th~ l oav0s of thr cu ran~o ly s~l c 

plants fr on .:J8ch p l ot er e r 0r:1oved an'l composi \.,; roo ~ 

sa:.plc . Throe' oliquot sar.:y 10s of C) g of fresh h:aves fr o \.,;oc 

plot w",re bl en:L.d with 20- 50 .11 80{0 a e one (vi ) in n 0 

bl(]n~~or (J!;dGUIl'l Buhl ur , r. Gor J:J.ny a 20 , 000 ruvol ions 

, -1 t ' !:nn for fi VI:; n i nut e s . The s l urry wn.s WlC. 

fuur l ayurs of cheose c l ot h , f iltcrv n~ h. iil'r tu cen 

. - 1( , 
fug~J f or 20 ~inut os ot 6, 000 r vvolutio s , In . f u 

6000 , Hcr uaus Chr i s t mo,l<.;l) . r:."hJ P llu '[15 10 1 

80% acetone (v/v) , c ~ntrifuged an- th s.can 5 erlD n 
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2) ,'ot0r - Ethano l SolubLe: Subst nc \,;s . 

All t he l eG v 0s of t h r 86 r en.oaly s~l~ ctJ r n 

(:(~ ch [, lot W8 r i:.: cut int o s lwll p i e c 8s an" bo il '~ ~ in 5C> 

80% ethanol (v Iv) for e i Ght mi n ut es , ho '0ts" ' zc lit an '.C 

blGl1d-.;r (Ejmunc. Buh l er , .! . Gc; r !Hnny) a 30 , OJO r~vol io S Iiiin - 1 

fo r t10 n i n ut cs . The h onogenat u was c0ntrif g0 (Labe 

6000 , llc: r ,., a us Chri s t Mod e l ) a t 6000 r volut i ons 8 i - lfor 

20 r inut L-; s . Vv'hil o t ho super nat ant IfJas s av0d , t \;; nelle t 

wa s r " s uspended j n 30 Ql 80% e t hanol anl c entrifuged . The 

two super na t ant s we r e c Owb i n ed an l t a1~en t o a volu G of 

100 I'Ll ( Super nat ant 1 ) . 

The ~nanol - wa t e r i n s olub l e fr act i on wa s us~1 to e rDC 

~ ithdr star ch or p r ot e i ns as r equi r ed . . 

3) StD.rch 

To so l ub i li ze sta r c h i n the e thanu l - wa t e r i n s olu 1 

f r 2ction , 20 I!11 de i ()ni zec~ wa t t3 r wa s a :1,le,l t v t ht: l ell I.. t .n' 

i',rlers,~l in an ic e b 3.th . 1 3 [11 of 52';~ Iv l 04(v/v) .as tb 

a i~ d an~ the s uspens i cD continuous l y stirr0 f or fi ve 

]linut ~ s cm·.1 occas si un31 1y, t ber e- aft -:; r , f or 15 ni nute . Th\,; 

sUsp<.:ns i on was t hen centr ifug e; d n( ~ th,; pc ll t;. t r csuspen \;;; 

i n 6. 5 Gll 52% HCI0
4 

in t h e s a!: e c on ·' .L t i on f r 30 inutl;,;s 

ane.: c entrifuged . Th u t wo super nat ant s wer~ c o b i e . n 1 

starch WEtS Je t or :J.inoQ fr oLl thi s supernat an f ollow' t 

sane proc ed ur e as f or t o t a l s ugar " . 
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4 . Ins .')lub l e .Prote ins 

Prot e ins wer e p r ecip i tat ed froD the et hanel _ at 

i nsoluble fract i on by suspenj i ng t he pell et i 20 1 10 I 
[1 ;0 

trl' chl or Gacetic acid (w/v) f or 60 mi nut es . Th 6 susp,ms i " 

W8 S cont rifuged and the supernatant i i sc ur ed . The pre-

cipitat~ was washcj with 10 TIl ac i di c me thana l (1 ml 8; 

f or mic aci:} in 400 ml L;,~.; thano l ) cent ri fug ed and the s p\.J r ­

natant discar ded . Prot ei n was then sol ub i l i zed fr om tIe 

pell et with 30 0 1 0 . 3 N KOH f or 15 hr at 37°C . The YOH 

supernatant wes dilut ed t o 40 ml wi th 0 . 3 N YOH . 

F. Dot er mination Bi ochemica l 31ilistanc8s 

For all c c l or i ne tric dete r Rinat i ons a Spectr onic 20 

sp ectr~ph0toEe t er was used ~ anj al l r ead i ngs wer e carrie 0 

at r oc;Q. t emper ature . 

1 . Chlorophyll 

OD ' s of the chlorophyll extract wer e rca at fove 

l engths of 645 ani 663 nM wi th 80% ac et one as t he I an 

Tho 3QOunt of c hl or ophyl l was est i mated using thL f olIo ng 

equati on ( Arnon , 1949) . 

T::;tal Chlor ophyll ( ;U,g/ n l) = 20 . 2il645 + 8 .02A663 

Chl orophyll a ( l L g/nl) 12 . 71\.663 - 2 . 69A645 

Chl orophyll b ( f- g/D.I ) 22 . 9 A645 - 4 .68 663 

cl l or ophyll cont ent per p l ant was e st i ~ate3 by nul i plyin 

with tho corresponding l ea f fre sh wei ght . 
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2 . Teta l So luble Carbohydrates 

Tut3 1 solubl e carbohydrates were 'lct cr~ inc fror. 

s upernE.tant I (ethanol - wat er extr act ) i h 0 . 1% 

anthrone reagen t (w/v) by the ElE::thoj of Hass i cl an Nv fe, 1 

(1964) . Gluco s e was used as a stcmdar r , and OD ' s 0 

sai.lpl ~ s W8re r e ad at a wav e l ength of 620 nr. . 

3 . ALl ino Ac i ds 

.4.I'lin,) a cids were deter n i n ed f r om Supernatant I 

( .... thano l - water extr a ct ) by the me tho of YeOD Clnd Coc -

king (1955) . Glycine was us ed as a stanjQr u an OD ' s of 

s3up l es w,c' re r .c ad at a w3.v8 1 engt h of 570 lL . 

L~ . Prot.c: ins 

Ethar.,01 - wat..:r s olub l e protl~ ins ( Superno.t ~nt I) 

an.~ ,.:.:: t h3nc l - wat .: r i ns ulubl e prote i ns ( oup ' rna tant II) 

vJ0r", lute r r:-Jined by the Biurot r::w thoj Cl S describeJ by Gor all 

e t Rl . (1949) with bovine s erum albUEli n 8S 8 stan ar . 

OD ' s of sa~pl cs wer e r eal at 550 n . . 

5 . Reduc i ng ciugars 

R 1 . cl" t c" r , l' npd fr o!'l the e h nJl -[e~uclng sugars we r e v - -~ 
I 

IfJatG r sul uble; extracts ( Superna t ant I) us i nr-; th !JC h~).~s 0 

NG l s(;n (1964) . Gluco s e 
1 1 a .l on ' 5 0 f was us J as a 5 Dn~ar. -

sa~ples we r e r ead at 620 nl . 
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G. D8terrainat i on of 880d Yi e l ~ and It s Conponent 

All f l owers wer e ta3gej as th ey opened awl th~ nUl": \.. r 

which 2bsc i sed W8r~ c ount ed t o de t er mi ne t he eff\..ct ° W3 r 

stress un flower abscis s i on . At mat urity, tho p~1s ~r 

har vestod anl count od t o e stilaate pud densi ty . Their 

leng~h were 21so ceasurea . The pod s wer o t hen _ri~ 3. 

60°C t o cons t ant wei ght . They W8r e t hen she l18_ an1 s0cd yi l ~/ 

pl ant , sa o;] y i e l d/ pod , s eed si ze , and pod/soed r at i base 1 n 

the dr ied nateri als wer e e stimat ~d f or Gach pl ot . 
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RESULTS 

A. Effects of Wat er St r es s on Veg t~tive Gr owth 

Pl ant he i ght ~ l e a f ar ea and dry matt er i n vegeta ive 

par ts shar ply de creased as l eaf wat or pot ential (L'\','P) decrea­

sed . There wer e s i gnificant dif f er enc es i n pl ant hei ght onb 

al l l evels of l eaf wat er pot ent i a l , except between thos of 

pl ants grown a t VVP of - 12 . 5 and -1 5 . 0 bar s (Fi gure l A an 

APpend exs Tab l e s l A) . 

Leaf ar ea of p l ant s gr own at - 5 . 0 bar s LNP atta i n8 

a maxi mum va l ue 35 days aft er emer gence and dec lined th8r eafter . 

However ~ the l eaf ar ea of p l ant s gr own at - 10 . 0 ber s .~ i cr e-

ased througho ut the exper i ment a l period , while t hat of pl s 

gr own at -1 2 . 5 bars was a l mos t constant L Leaf ar ea ~a at 

a maxi mw::t 25 days aft er emer gence i n t he pl ants gr own at - 15 .0 

bars L ~vP but ther eaft er de c l ined t o a mi niuJ.U by t he end of 

the samplinc; peri od ( Fi gure I B) . Except dur i ng the fi r s 

and the last samp l ing occas i ons , l eaf ar eas of pl ant s grow 

at - 5 . 0 bars L:JP diff er ed s i gnificant l y f r om th t of thl; other 

t r eatments (Tabl e 2A ) . 

The dry ma tter in the p l ants gr own a t -5 and - 10 bar s 

LWP i ncreased thr oughout the cxperiillent al ~8ri od . However , he 

dry matter conti~nt s of t ho se gr own a t of - 12 . 5 and - 15 .0 

bar L (le) At all samp1i s lNP f l uct ua t ed with t i me Fi gur e . 

oCcaSl' ons t the' dry matt er con e t of ~ except the fi r s , 
h 

pl ants grown at - 5 . 0 bars LVlP di ffered signi ficBn 1y 
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Figure 1 . The r e l at i onship betwoen l eaf Wi!. er ote tial 

C. - .. , - 5 . 0 i"-·t:' ; -10 . 0; 0- 0 ; - 12 . 5 ; n ) 4-15 .0 b 5) 

and p l ant he i ght , l ea f ar ea an total dry m tter 

in cowpe a . 
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that of tho s e gr own at the other l ev ~ ls of L~ (~ablc 3) . 

RGR an d N_~ s har ply decr eased a 1~7P decreas and 

both par am et e r s showed negative val ues a - 15 .0 Dr s 

(Figures 2A and 2B) . Root/shoot r at i o sharply increase t 

0. max i mum at l eaf wet er pot ent i al s Of - 12 . 5 b dccrea"c 

at -15 . 0 bars L 'vJP (Figure 2C ) . S1 decreas d to 

at - 10 . 0 bar s b ut i ncreased as L WP decr ease (Fig e 2D) . 

B . Effect of Water Stress on Stomo.t"" l Res i sto.ncc , i tra c 

Reductase Ac t i vit,y and Numb er of Ef f ect i ve Jod ul cs . 

stoma t al r esistance i ncr eased s l owl y s ;fF d crlj8 ... 

from - 5 . 0 to - 12 . 5 bars but increas"d ver y shnr ly 0 a 

wh en LNP was -15 .0 b .s r s (Fioure 311.) . 3 oma al r es is on es t 

- 5 , - 10 nnd - 12 . 5 b ars L~vT showed no significant if or LS . 

Howev er, s t oma t a l r es i stance at -15 .0 1 \\'P bars as si::;nifi ­

cant1y differ en t f r om those at all other l L;vl"ls 0 1', 

(Appendix Tab l e 5 ) . 

Nit r a t e r educ tase act ivi t y ecroased vl"ry ro r es ly 

as l eef water potential decr ease (Fi ur ~ 3A) . TLe e Wt;;rc 

significant di f f er snces i n o. c ivi ty bet ven 17P o' - 5 b r. 

and all other l eve ls of L .T (np endix Table 5) . 

The o.verage number of eff ective root no los cc S 

38 Li~ dec r eased (Figure 3B) . Th~ maxim~ and 

effect i ve r oot nod ules w~r c ob n e fron se 



Figure 2 . The r e l a tionshi p b etw~ en l eaf wat er po t en i 31 a d 

r 21ative gr owth r s t cs ( RGR) , net a s si mil t i on 

r a t e (NAR) , root/shoot r atio and specific 1 e~ 

we i ght ( SLW) . 
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Figure 3 ~ The r e l at i on ship between l eaf water poten i~l 

and stomatal r es istGn ce , numb er of ef fectiv 

r oo t nodules and nitrat e r educ tas e activi y . 
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LWP of - 5 . 0 and - 1 5 . 0 bars , r e s pect ively (Figur~ 3B) . 

Thu number o f root nodul es a t - 5 . 0 and -10 .0 bars L TP 

signific3nt ly d iffer ent fr om t hose at - 12 . 5 and - 15 .0 b 

PiP ( Appandix Tab l e 5) . 

C. Effect of Wate r s tress on Bi ochemical . .----~~~~~~~ 

Total chlor ophyll/p l ant d e cr eas ed gr dually a5 ;p 

decre.J.sed fr om - 5 . 0 bars t o - 12 . 5 bars but r oppe s a pI 

to a mini mwn a s LWP d ecreased furthe r to .. - 15 .0 bDrs 

(Figure 4A ) . Si milar trends i n the l eve ls of chlo ophyll 

a and chl or ophyll b' wer e observed . Total chlor op II , 

chl orophyl l a and chl orophyll b l evels at - 15 .0 bar L 

showed significant diffe r ences betwe en hose at 11 0 h r 

L}P l eve l s , excep t at - 1 2 . 5 bar s . Al t ho ugh t he mount 

5 

~ll types of chl orophyll per gr am f r esh tissue crease L •. 

there wer e n o s i gn ificant diff er en c e s among them (APP n x: 

and F i g ure 4B) . 

,:hereas ' e thanol-sol ubl e pr ote in dec r ease 'I ith 

total pr ote i n and e thano l- insol ubl e P otoin i ncre 5,d 0 

a maxi mLUll at -10 . 0 b ;Jrs LifP and then dE.. crenS0 shar Iv 

LI";'P further decreased to - 15 . 0 bars (FiGur e 5.l!i) . 

~Jcre s ignifics nt i n t o a1 inso1 ble r o i 
differ enc es 

between L ~'JP the 0 e h n nn i - 1 . 
-5 . 0 and -10. 0 bars on 

- 15 . 0 ot her hand . r e 1 r 0 
bars LV,'P on the 
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Figure 4 . The r e l a tionship tetween l eaf wa t er ete ial 

and chl or ophyll ( .:>--- 0, chlorophyll a j Cr­

chlorophyll b ; and __ 0, t ot 3l chlor phyll) s arch 

and soluble carbohydrat es . 
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Fi gure 5 . The r e l a t i on shi p b e t ween l eaf wat er pot en . a1 

ond l eaf tot a l amino acids , r educi ng sugars :1 

p rote i n s . 
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signif i c Em t differ ences between so l ubl e pr ote i ns a 1 

level s of L iJP ( Appendix Ta b l e 7) . 

starch (per p l ant and p er gram fre sh t i s sue ) sha ly 

decr eased as L J P decr ea s e d fr om - 5 . 0 to - 10 . 0 bars f ol l o 'e 

by 8 gradua l decl i n e as LVv'P furthe r decr eased (Fig es v an 

4D) . Total soluble c a rbohydr a tes/plant , r educing sugars/ 

plant , a nd tota l amino a cids/pl ant decreas ed wi th ',ip 

(Fi gur e s 4E , 5C and 5A ) . How eve r , t otal sol ubl e carbo-

hydr 3.tes / gr am fresh t i s sue , r educing sugars / gr am f r sh 

t i ssue , and total ami no acids / gr am fresh t i ssue i ncr eased 

as L;JP de creased ( F i g ure s 4F , 5D and 5B) . The incre se i. 

conc entrot i on of 8Iilino ac i ds and tot al solubl e car bohyd at(;s 

wer e signi ficGnt a t 011 l evels of ViP ( Appendi x ble 8) . 

D. Effects of Wat e r Str e ss on Seed Yield and Its Compo ~ 

Seed y i e l d / p L :mt d e cr eas ed shar pl y a s L\'JP decreas d 

fr om - 5 to -10 bars and t hen dec l i n ed f airly slowly 8 S 'VP 

furt her decr eased to - 1 5 b ars (Fi gure 6A) . Ther e wer e 

s i gnifi c an t d iffe r e nc e s i n s eed y i el d/pl ant between -5 bars 

and al l other l ev e l s of L\·JP ( APpendix Tabl e 9) . 

Yie ld/pod s igni fic ant l y de cre as ed 8 S L.W d e creas ~ Fi t3 r 

6B and Appenix 'rabl e 9) . Seed s ize slight l y decrease as 

LVlP dec r eas ed fr om - 5 to - 10 b ars but i nc r eas e r L r ab ly 

as L ) pod/see r a i o sh · VJP furt hG r dec lined ( Fi gur e 6C . 



- 64-

Fi gure 6 . Tho r e l at i onshi p betw'3.::m l eaf wa t er pot entia l and 

seA y i e l d , s eed numbe r and s eed siz e . 
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Fi gure 7 . The r e lationshi p betwe on l eaf wat er po 'n ial 

and p od l e ngth , pod we i ght , pod density a 

pod/seed ratio . 



20 

15 

~ 10 
~ 
a 
() 

-61-

Au.. POD LENGTH 

5 1 
~~I ~ ____ ~ __ ~~J 

-5 -10 -la5 -.15 
LEAF WATER POTENTIAL 

IN BARS 

C .•. POD DENSITY 
5 

1 
.p 4 
~ 
rl 
~ 3 
'0 
0 
~ 

~ 2 
0 

~ 
Q) 

.0 1 ~ 
z 

0 l- I ... 
-5 -10 -12. 5 - 15 

LEAF WATER POTENTIAL 
IN BARS 

B.. POD IEIGHT 

, ' 
~5 -10 -12.5 -15 

LEAF WATER POTENTIAL 
IN BARS 

D •. POD/SEED RATI 

.p 
,q 
bD 1.5 'M 
(l) 

~ 

rtj 
(l) 
C!) 1.0 OJ 
'-.p 
..c: 
bD 

.,-l 
C!) 

~ 0.5 
rO "L ..... 0 
Il-! 

- 10 -12. 5 -
-5 

LEAF ' WATER roTE TI 

(B RS) 



- 68 -

an i ncr eas8 with water stress . However , the i ncr ease was not 

stat i stj_c a lly s i gnificant (Fi gure 7D and Appendi x Table 8) . 

pod densit y (p od n umbe r /pl ant ) an d pod l ength wer e r educ d 

at abo ut a constont r a te , a s L~VP de cr eased (Figur es 7A and 

7C and Appendix Tab l e 9 ) . Dry we i ght of pod s also decr eas ed 

with L ;;v'P (Figure 7B) . Howevl~r , t he decr eas e was not s i g­

nificant . 3i gn i fantly f ewer nwnbe r of seeds / pod wer e 

pr oduc ed as L v'vP dec line d (Figure 6D and Appendix Tab l e 10 ) . 
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DISC USSI ON 

A. Plant Growth 

The dec line:: in v e g etat ive gr owth (dry motter, l e3 f 

(1r '3 Cl and p l ant he i ght ) with 1 Go f wa t er po t ential (L iP) as 

observed in the pr esent study (Fi gur e l A, I E and le) , cl osely 

r es emb l es those described in cowpeas by Hiler et a1. (1970) , 

Hall and 3hul ze (1980) and Turk and Hall (1980) • . 3i milar 

r csul ts h elve a l so beGn r Gp ort ed i n alfalfa (Br own an Tanner , 

1983) , soyboans ( Boyer , 1970a ) and maiZ E: ( Boyer, 1970b ; 

Acevedo ot al ., 1971 ; Duncan , 1975) . I n gener al, the i fl ue c 

of water strGss on g r owth \va s a s sociat ed wi t h a de crease i 

the pr essure po t enti a l component of water potential (Lockar , 

1975; Boyer, 1 970 ; Sl a vik , 1975) . Extens i on gr owth has b e 

shown t o be very sen s i ti ve t o wat er stress (DenmG3d an She I , 

1960 ; Hsiao Gt a l ., 1970; Duncan , 1975) . For instan e , be 

r ate of stem e l orJ.got i on in ma iz e declined by 75% at wil i LJ 

POint (Duncan, 1 975 ) and the l ength of i ntvr nodes al so r l.. 

f oll owing wa ter str es s (Christiane , 1977) . 

I n the present study , the he i ght of pl ants gr mr at 

the l eaf wate r potent i a l of - 5 bars rapid l y i ncr ease o 

a maximum 45 days aft e r eme r Gen ce and t her eaft er r em 

al most constant . Howev er , p l ants i n the ot her tre~tmc t 

. ht at the e gr ew l e ss rapidly and r eached max i mum h(n g 

of tl 1) This SU6gest 
10 sump ling period ( Fi g ur e A . 

th -' 

Soil moistur e hAd the mos t f avor ab l e eff ect on he 
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hei 3ht of plcmts g r own a t - 5 b ar s H iP but t he other t r ea t ment: 

d detrimental offects on p l a nt he i ght, a s a consequence 
ha 

of wat er deficit . 

Leaf area r eduction in r 0s ponse to ~ater stres s , a s 

obser ved in th e: or osent study (Fi gure I B) , is cons i stent wi th 

t ho se r epor t od i n maiz o by Boyer and McPhers on (1975) , i n 

soybean by 8i on i t :md Kr aTJll., r (1977) and i n cowpea by Turk 

and Hall (1980) . Although l oa f numbers wer e not de t ermined 

in the present study ~ it is mor e than lik el y that de creas e s 

in l eaf numbc'rs w~re rlOr(j r espons i b l e f or l eaf area r eduction 

in the stressed p l ~nts . Leaf absc i ss i on was obs er ved 

in the p l ants gr own Dt 1 0 e r L ,JP . Mor e over , Tur k and Hall 

(1980) r eport od th.:J.t decrea ses in l eaf numb er s due t o l eaf 

absci ss i on wer e the main c a us e s of l ea f ar ea r ed uction i n 

water defici ent cowpeas . 

In t he presont study , whi l e the l eaf Drea of p l ants 

rema i ned constant at - 5 b ors L\iP and wa s s i gni f i c antly 

higher t han those i n the other treD t ments , the l eaf ar ea of 

pl ants gr own nt -1 5 bi:lrs L ,;P progress i ve l y d ecl i ned at 

VGr y samp lint; oc ca s ion (Fig ure I B and }~ppendix Tab l e 2A) . 

This Shows that water stress sever ely i nhib i t ed l e af a r ea 

expanS i on . A reduct i on i n l eaf a r ea provi de d a mechan i sm 

for r educ ing wat e r l os s e s from the ma jor t r anspiring sur f ac eE 

(leaves) t Th ' D t he oxp8ns e of dry matter pr od uc t i on . l S 

Itimately delayed or prev ent ed t he d eve lopment of a mor e 
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stress ( Beg5 and Turner , 1 976 ). Thus the d a t a 
sever e 

reported her e agree with t h e ob serva tion made by Turk and 

'all (1980) and Hall and 3hulz e (1 980) t ha t, in c owpeas, the 

reduction i n l eaf area r epresents an i mportant mechanism 

of drought avoidanc e . 

The r e l at i onshi p b e tween RGTI , NAR , and LWP in the present 

study (Figures 211. and 2B ) i s consi st ent with wha t has been 

raported i n snapb ean s ( Kanema su a nd Tanner , 1 969 ) and oaize , 

bean and c otton (Lawlor, 1 970). Boy er 1970b ' studied the 

water r elation s of maize and royb eans and reported uIl increase 

in stoma.tal r esistance whil s t CO2 ass i milati on appar ently 

decr eased a t l ower L".vP . Accord i ng t o Kan emasu and Tanner 

(1969) , st omatal r c sistanc _. vm s inve r s e ly r el at ed to RGR. 

They, ther e f or e , at t ribut ed l ower NAR and RGR t o l ower 

photosynthotic :rat es , d ue t o limit ed CO2 supply and impaired 

bi ochemi c al pr ocesse s on on e h a nd, and t o higher ambient 

l eaf and r oot t eL:lper a ture s , ffi a r esult of r ed uced transpiratic 

r at es on t h e othe r hand . T' t ' 1 f RGR d NAR ne ne r;Ei 1 v e v a ue s 0 an 1. 

at -15 bars of l eaf wa t er pot entia l (Figures 2A and 2B) 

indicate that n e t photosyn thetic a ctivity ceas ed and the 

plants had t o ut ili ze t he ir stored products for respiration. 

1m increas e in r oot / shoo t r a tio was associated with 

"'at er strpss l'n t lJ.e (2) ,,' '1 r ~ pr e s ent study Fi gure C. blIDl a 

r SuIt s have b eell r epor t e d by s ev e r a l i nvestiga tors 
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1 197 3 - Ashe nden e t a l ., 197 5 ; P er e i r n a nd 
(Bhan '~ ~., ' 

k ' 1976- Silviue 8t 8. 1 ., 1 977; a nd Kar ami et a l., 
ozl owS l" - -

~J' orkin -o~ wi th the d is t ributi on of rad i oact ive 140° 2 
1980) . I 

yb"''l nS Silvius ot Dl . (19 77) bserv\Jd r e l a t ively in so v C' , - - ' 

mor e 140 i n r oot s than in shoots b e tw e n - 11 to - 20 b ars L 'JfP. 

~ pr ef er ent i a l d e v e l opmont of the r oo t ove r the sh oo t 

is an adap tive mechcmi sr.1 which f [l cili t ate s e ffic e n t wa t er 

absor pt i on ( Begg nnd Turne r , 1 9 76) o.nd rowth mo d ifica tion 

tha t f avours an effici ent us e o f the limit e d s upply of 

fixed carbon ( Silvius e t a l ., 1977) . Po sit i v e cor r e l a ti ons 

bet ween r oot/s h oo t r a tio an d CJ. high d e gr ee of dro ught a voida r 

wer e obs erved i n Euc a l .lptus s pp . ( Per e ira and Koz l owski, 

1976 ) and sor ghum (Bnan e t a l. , 1973 ) . Si mi l arly , i nc r eas e d 

r oot gr owt h at t he:: expens e of the s hoot as indicat ed by the 

hi gh r oo t/shoot r o,t i o of the stre ss e d tr a tments ( Fi e;ure 20 ) ! 

mi ght also be a IIlo c bani s!Jl of dro ught avo i d ance ill c owpeas . 

Tur k nnd Hall (19800 ) r eport od pos i t i ve corre l a t i ons 

between SLW and cumul a ti V 2 xyl em wat or p ot ent i a ls in fi eld­

grown cowpe es. I n t h2 p r esent stu y , SL':! showe d a d ecreasin~ 

t r end at r el ative ly highe r l ea f welt e r pot ent i a l s b ut increas ( 

as l ea f water potent i e l furt h r de creDsed ( Fi gure 2D) . Hi gh( 

va lues of SL :iJ wi ll r e sult if d ry ma tt er acc umul ation is l e ss 

adVersel y nff ec t ed thnn l ea f a r ea expansion . In the p r e s en t 

study , the di f f e r ences affiong SLW wer e. n ot s tatist ica lly 
Si glli f ' 

l Cant ( Appendix Tab l e 4 ) . This co uld b e attribut ed 



- '7 3-

to the s i mul taneo us a n d compar ab l e r educt i on in l eaf are a 

and dr y matt er cC CUllul a tion a s LViI ' de cr ea s ed ( Fi gure I B and Ie) 

s t omata l Resist 3nc e , Ni t r a t e r ed uct ase Activity and B. _ 

Nodu18tion 

The observation t hat s toma t a l r esis tanc e increased ~ itt: 

str ess i n l eaves (Figure 3a ) is c on s isten t with t h ose made 

by Ras chke (19'70) and Jor dan a nd Ritchi e (1971). Ther e was 

a thr es hol d l ove l of w..:::: t e r po t entia l above which stomatal 

r es i s tanc e r ema ined consta nt i n the pr e s en t study. This 

t hr es hol d W[lS -1 2 . 5 b ars (li' i gur e 3A). Si milar r e sults wer e 

r epor t ed by Boyer (1970) who ob t a i ned a t hr eshold of -10 

t o -12 b ers in s oyb ec.ll s . 

Si nc e CO2 primar ily enter s ~he p l ant through the stomat a , 

a hi gh stomatal r es is t on c e a f fe c t s phot osynthesis by limiting 

CO2 ass i mil at i on in light ( Sl avik , 1975 ). Such mutual fun­

cti on i nt er dependenc e be tween phot osynt hesis and stomata 

expl ai ns t he low dry mat t er c ont ent of t he pl ants meintained 

at - 15 b ars of L'\JP whi ch a l so had the h i ghe st stomat el 

r esi st 2nce in the present st udy ( Figures l C and 3A). 

The decrease i n n i t r a t e. r ed uc t a s e activity (NRA ) with 

decreasinc L-';vP r e po r ted i n the pr e sent s tudy(Figure 3B) 

agr ee s with the observa t i ons IDs de by Bardzik ~ ~., (1971 ), 

ITorill a a t al . ( 1973 ) , P l a ut ( 197 4 ), an d Ad j ei-Twum (1976) . 
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r educt ase i s a n i nduc i b l e enyzme ( Afridi an d He=l' tt ! itr at e " , 

1964) whi ch r ed uc e s n itra t e to n itrite using n icot in-amide 

e. eni ne dinucle otid 8 (NADH ) o.s an e l e c t ron so urce ( Devlin and 

With3ID , 1983) . Any d a crease in act ivity , th er ef or e , could 

be cause by a r ed ucti on i n the e l e c t r on sourc e , a short age 

of the i nduc er , or by r 0d uc ed en zyme concentratioJ;l t hrough 

r educed s ynt hes is or increo. s ed enzyme degr ndat i on. Whilst 

0. r eduction i n r o s p ira t ory r c.te s , a t l ow l eaf wat er potentia] 

coul d limi t N~DH f ormotion , the inducer (nitrat e ) could have 

also been limiting os (1 r e sult of a r eduction in i on upt ake 

and l ow av a il ability of soi l ni t r ogen fo llowing we t er stress 

(Smith~! 0.1 . ,1973; Duh3.m and Nye , 1974 ; Erlandson , 1975 

Ad j ei-Twt)Jn 1 1976) . Mor eov e r , Pl o.n t ( 1974) showed t hat 

NRA could be reduc e d by i nc r ea s ed denat uration of the enzyme 0 

Altho ugh t he r o t e Gf N2 fixat i on i n ro ot n odules was 

not st udi ed in tho \;xperiments b e i ng r eport ed her e , it is 

evident tha t wat<?r s tres s re d uc l~ d t he n Uinber of ef f ective 

nodul es i n COWP2(1S (Fig ure 3C) . A r educt i on in nodul e 

number c oul d ha ve r esult ed f r om the i nhi b i tory eff ects of 

wat er deficits on the r ate of n odule i nitiation , or on the 

furt her dev e l opment of existing nod ule s. Gallacher and 

Spr ' -'I ~ d ent (1978) report ed that wat er stre ss r e sult ed 1n reuuc~ 

rates of nod ul e initi a t i on and con sequentley in l ow N2 

fixati on . Sprent (1971a) s UGge s t ed that dehydration of 

odul ", s d ' 'w t .::. r de fici en 
c an conse quont enzyme denaturatlon 1n a v 
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l ant s cous ed a d e c l i ne i n N 2 fix ati on , but Huang ~ t 31. ( 1975 

d . t t o r educ ed r 2.tes of t he s upp l y of photosynthates 
Dt ribut e l 

from wil t ed l oaves . I n nny case , a r e ducti on in eff e ctive 

one i r.ll'owr t a n t me chanism thro ugh which wat e r o ul es wa. s 

f " At e,1 n i tr OtO~en me t a b oli sm in 1 8g ume s (Ga llacher stre SS 8 oj. 8 c; 0- oJ 

and spr ent , 1978) . 

C. Bi ochemic a l Sub s t anc es 

The obs erva ti on thdt a ll t ype s of chl or phyll ( per plant 

and per gr oll f r esh t i ssue ) dl; creased ith l e a f wot 2r pot ent i a l 

(l~igures L1-A an d 4B ) is cons i ston t wi th t h e r esults of Adj e i-

Twum and Splitt s toesser (1 9 76) , Soone; and Hag eman (1977) , and 

Bengst on et a l . ( 1 978 ) . Duysen and Fr eeman (1974-) r ep ort ed 

t hct t he critic 11 l Ci1 f wat0 r otent i n 1 f or the inhibit ion of 

chl or ophyll s ynthesis i n -,-.:hc3 seedl i ng s was - 9 t o - 14 bars. 

Albert e et 81. ( 197'7) , on the ot her h and , a ttri but ed the r e ­

duction i n ch l or ophyl l content of l e a v e s by wat er stress 

to den3tura ti on of the p r ote i ll c omponent of chl or ophyll s . Wate: 

stress has t ened t h\.: senS C8nc e of l e a v e s and the l os s of a 

Consi der ob1 e Offiv Lh'1t of c h l or ophyll occurre d in the process 

(.°ardl e and Short , 191:33) . St i l l vw l l and Ti e n ( 1977) showed 

~t Phot ooxidat i on of c h l or ophylls in p l ants was i nhibited 

by carteno ' d 
i l S p r esent i n t he c h l or op l c s t s . Howev 2r, Duys en 

nd Fr eema (1 .' de n 974 ) r spor t -:.;d t ha t t h e accUIDul a t l on of carotenol '-
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, . 'red f oll owing water stre ss . Thus , photcoxidat i on 
as l1!lpal 

l
d well b e on e of th3 '1leans of chl or ophyl l d e s truc t i on 

CO 

t ' r d,o::. fici ent p l ants . i wa t.,; ~ .. 

Ethano l - water so l uble p r o t e i ns line arly d e creased wi th 

leef water potenti a l . Al thuugh th8r e wa s an unacount abl e 

ri se i n l evel s at - 10 . 0 bars vf l e af water po t entia l both 

ethano l wat er ins ol ub l e and tot a l p r o t e in gener ally d e cr :.:;ased 

with l 8af wat er ,~'otenti al (Figure SE ) . Except the unacc ount ab = 

rise in i nsolubl e 3110 t o ta l p r o t e ins , similar r esults wer e 

Jbtai ned by Sh ah and Loomis (1965) in sugerb ee t , Adj e i­

Twwn (1976) and Fukutoku anJ Yar.lDda ( 1982 ) i n s oyb eans a nd 

Soong and Ha::;emal1 (1977) who r eporte d decr e ase s i n pr ot e i n a s 

he LdP of mai ze dec l ined . Low p r ot e i n content is EI r e sul t 

of either decreescJ. rat e o f p r ot(j i n synthesis , an i ncreased 

rat e of de structi cm or both . Bewl e y e t al e ( 1 98 3) r epor ted 

thD. t maiz e s e:edltnGs exhi b it ed r e duced p r ot e in synthes i s when 

S~j ect ed t o water stress . Hsiao ( 1970), Dhindsa and Cl e l and 

( 975) and Bewlc;y .£! a l e (1983) a ss ocia t e d r educed pr ote i n 

synt he s i s t o a dec line i n po lyrib osome l evels . Reduc ed DNA 

synthe s i s i d occ i~rred i n stressed p l ant s (De lt our ane Jac qmar , 

1974) and increased ~i:..f'ifase was observe d f o l l owing s tre s s 

(Levi tt, 1 Cl80 ') . 
7 Soong and Hageman (1977) reported t hat, 

i wat er d f ' e lCi ent plants , the l oss o f p r ote i n , car boxype -
fi ' da se 

, aminop0ptid3s~s and c h l orop hyll was simi l a r t o the 
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f "lat er fr om tis s ue . Fe l l er ct a l. ( 1977 ) observed 
105 5 0 

t ~ c of incroa se in case ol yt ic a c t i vities c on cu­l'C.ster r a l~ "" 

rrently wi th r ap i d l os s of p r ote i n f r om 1 eave s . Th ey 

,.. pstod t hat caseolyt i c enzymes mi ght i n itia te rapid 
5 6g v 

h~rolys is of l eaf p r otein . Thus , a r e ducti on i n l eaf 

prot ei n as observed in the p r GS8n t s tudy (Fi gure 5E) mi gh t 

have r es ul ted fr oP1 increased pr ot eo lytic act i v i t i e s and r educed 

protei n synt hesis . 

It was not ed that st a rch/ p l ant and s t a r ch/ g . fr esh ti s s ue 

ecr eased r CBa r k3b l y a s l ea f wat·~r po t ent ial decre as ed ( Fi gu-

res 4-B and 4C) . SLrli lar r e sults w,o; r c obtai ne d by Hodges and 

ari a (1969) , Noidu 2t a l . ( 1967 ) an d Bar l ow e t a l. (1976 ) 

who obs er v ed an apparent d i sappearan c e of st a r ch i n s t r essed 

pl ant s . Pl s.nts norm.311y uti l iz e t he i r st or ed. produc t s , 

such as st3rch , iJ. s substr3tes for r esp ir8. t i on when ever t he r e 

is conS i de r ab l e r ed uct i on in ne t phot osynt h e t i c act ivity. 

onsequent l y , OIle would expec t a r ap i d hydr ol yz at i on of 

star ch i nt o solub l e carbohydr8t~-) s i n p l an t s under wa t er 

stress as r eported by Hodges and Lorio (1969 ) . 

I n thi s study t ot21 so l ub l e c a r bohydrat es pe r p l ant 

ecreaS0cl b ut t he: amount per gr am f r e s h tissue ( i . e . c oncent­

rat i on ) incr e2SCQ a s water d 2f i c i ts i n p l ants i ncr eased (Figure 

(4-E and 4F) . This obser v a t i on is c OIJ.s i s t ent wi th t he da t a 

I..ibtai ned by d Pe t ·~'r S en e t 21 . (1 9 '77 ) , Fukutoku and Yama a --
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d TI IT~man ( l q77) d rt (1982), SoonG nneJ1D V
- ,, -' an ,- I~ ewar t (1980) . 

Hodges and Lorio ( 1 969) f ound that the s olubl e car bohydrate 

contdnt of p l ants d.;:;creas.ad as wa t c; r def i c i ts i:lcl' eased 

due to r educed pho t osynthe t ic a ctivi ty . An i ncrease i n t he 

concerltrati:..J!1 of carbohydr ates and other l ow mol ecular wei ght 

or e;an i c c ompounds in stres s ed p l ant cell s c oul d be t he 

result of exces s ive water l os s acc ompan i ed by cel l vol ume 

r eduction (B.agg and Turner , 1976 ) . Never the l ess , many 

invest i c;ators l13ve r .apor t ed ac tual i ncrea s e s i n amounts of 

solubl e c arbohydrates fo lI o Jing wa t :-3 r s t r e ss (Soong and 

Hageman , 1977; '3tewart e t a l e 19'77; and Fukut oku an d Yamada 

1982) . This was at tr i buted t o e i t h er acce l er at ed starch 

hydr ol ys i s (Laranvill c Rnd Paul sen , 1970) or t o a de creas 

i n t he t r anslocat i Xl o f G.s simi l ate s fr om sources t o s i nks 

(Fanj ul and Rosher , 1984) . 

The conc 0ntr a tion of t ot a l f r ee ami no acids i ncreasing 

in pl ants subjected to Wo.t 8r stres s as the consequr:mce s of 

enhanced hydrolysis of prote i n s ha s b een r epor t ed by Soong 

and Ha6G~18n , (1977) 3 t e wart e t a l. (1977 ) and s t ewart , (1980) , 

a redUcti on i n p r o t e i n synt hesi s by s t ewart (1973 ) or de ~ 

sy lthes i s 01.' certain aI;l i no acid s r e l a t ed to droue;ht avoi danc e 

by Stewart , (1980) . The l ov e l s of i nd i v i dual ami no ac i ds was 

not det e r mi ned in the pr esent study . Howev er, s ever ol wor kers 

have r 0portcd tnat an i nc r ea s e in t ot al f r ee ami no acids 

Content t he accWo. ul a i on of stressed plant~ wa s nainl y du e t o 
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( SEiw1ier £! ~. ~ 1968 ; St e wart et a 1. , 1977 ; FukutOt of pro line 

J!ld Yama.da , 1982) . 

. cC 'J r d i ng to Ilab.i and Dorff l i ng (1982) , t he accumul ation 

of sol ub l e charb0hyc1 r 9tcs and l ow Bol e cul ar we i ght ami no acid s 

such as pr ol i ne c an hav0 a p r otecti v a f un c t i on f or enz yme s by 

w~ter t o ~rot 2 ins DnJ mai nt a i ning t he ir hydr ati on . bindi ng vv ·~ .L~ 

In addi t i ol1 , DouGl as an:i Po. l eg ( 1981) showed t hat s uch 

osmot i cs. l l y 8cti VB illetaboli t l~ S exer t f av or ab l e ef f ect s on 

enyme substrate c r enzyme cof ac t or c mp l ex f or mat i on s which 

protect enzymes fr on c Llnf or ma:t i ou}l d i s tur b anc e s . 

Never the l ess , th0 ~ust imp ort ant r ol e of s ol ute 

accumul at i on i n p l ants under st r es s is o sm or egul a t i on . The 

pr cess of osmorcc;ulatic n i s tho cl. ccumulat i on of s ol ut e s 

'n c(; ll s beycnd the incr0Bsc i n c oncentr c~ tion c aus e d by 

he l uss of water (F'::lrs ons and HOWG ~ 1984) . LO"\'Je rin g ce ll 

os ot ic potenti c. l by incr 0<J.s,)d solut e ol1c entra t ion pe r mi t s 

turgor t o r eliloin r!h)rl~,'us i tj ve as :; resul t of which ce ll 

e;rowt h can c ontimlC :,'li'1.3. rOl:t coll s C DIJ, pene trat ::; i n t o 

great er soil volum8 . J..l-2sidcs , l :)we rin~ wa t or pctent i 31 

tough osmot i c O.1jUSt;llC:llt is c:m, e ffic i ent way of av oi d i ng 

dehydrati (Jll throu~h the l oss of w3ter t o t h e p l ant s ' environme-

nt (Levit t , 1980 ) . 

On r el ative t8rDs , st r cssecJ. c ow as plants had the 

e dency t O n ~ . t' 1" 
U.c'· J. n ,:nn ln~-;llUr l eaf vat e r Dotent i a l (Girma and 
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1984) and turgor (Ludl ow , 1982 ) but the osmot i c "'"'o t e -Kri eg , 10' 

and the rat e Gf th8ir osmotic adjustment we r e c omp a­
h ialS 

ly l ower . These Bttributes were dUe t o the e ff ec i ent 
r ·.t1V8 , 

stomatal control of wa t e r l os s i n c owpea (Lud l~w , 1982; Girma 

9Jl:l Krieg , 1984 ) . Although os mo t i c pot ential was n ,) t de t er n i ne 

in the present study , th ,~ pr e s enc e of s i gni f i c ant l y h i gher 

concentrations o f s ol ubl e car bohydra t es and ami no ac i d s i n 

stress ed pl ant s ( F i guro s 4F and 5B and Appendix Tabl e 8) mi ght 
I 

have r esul t iJd i n a higher OSI:lOt ic pot \jnti al . Thus , t he 

results be i n g r eport cd h e r e show that osmo t ic adj ustment 

I!light al s o b e on.:.' of t he !ll.e chan i ms of drought r es i stance 

in cowpeas . 

3. beed Yi e l d and I ts Cc)UpOn cllt s 

The patt ern of s e dd yi 01 d in r~ l at i on t o 18af wa t er 

pot enti2l r ~~ortcd i n thi s s t w'l y (Figur e 6A and 6B) . wa s 

similar t o thuse Jbsdrvc(l b y '\.c1 j e i - Twum and SplitsttDes s er 

(1976), Turk 2t .c; l . ( 1980 ) .:lId. Sho use e ! al , ( 1981) i n which 

seed yi el d VIa s ~)._,s i t i vl' l y c orr0 1at ~d with t ot a l dry matte r 

in veget ati ve pc~ rt.3 anj l ouf are a a t anthesis and the 

grain filling st[lges . I t ha s l ong b "en r e c ognized tha t 

a reduct i on i n the, ;Jhv t usynt h e t ic p roc e ss l eads t o a r edu·ct i on 

in S ed 
yi eld ( Boy~r Q.aJ. NlcPhe rson , 1975 ; Be3g and Turn er, 

976 ; l,ggarwa l 3'1-1 'f l' '-h 1 984) . . ... " D .. 1. a , 
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In the pr8sen~ study a mar ked absc i s sion of f l ower s 

waS obser ved at - 1 2 . 5 and - 1 5 . 0 bars LHP and this r esul ted 

in considG r o.b l y l ow pod density . In f a ct p od density at - 5.0 

bar s l eaf water ro t ent i a l wa s appr ox i mate l y f our t i mes as 

ouch as in the - 1 5 . 0 b a rs L·.:TP (Figure 7C) . Tur k I~ t a1. (1980 ) 

3hous O at a ]: . (1981) r .:; por t ed that wher ea s dr ought i n t he 

vege t ative; ph a s e d id not s i gn i f icant l y affe ct s eed yi e l d i n cov, 

peas , drought i n the fl owering and pod- f illing s t age s r educ ed 

it cons i dc; rabl y 0 This is t o be expe cted , s i nce dr ought a t 

fl O1;4ering s t ag..: c[lused absciss i on of f l ower s and l ower ed pod 

density ('l'ur k .~t al . 1 980) . In aJd i tiun, wa t er s tre ss e.t 

flowering stJ~~ impair ~ d anther dev e l opnent and t he pr oc ess of 

me i os i s (Honcke:l , 1964-) . 

Foj l oncth was s i gnif icantly r dd uced as Lrp decreasad 

(Fi gur e 7A and ,~'ppenJix Tab l e 10) . The r educt i on i n pod 

lengt h r esult ed f r l.JIil th ..:; c f fl! cts vf wat e r str ess on ext ens i on 

6r owth . I n the ~)rGS0nt study , dry we i ght of i nd i v i dual 

pod exc l usive of s,JE.:ds sh::nveJ no s i gn if i c ant diffe'rence s at 

the various l e3. f i,vat c: r po t e:nti a l s stud i ed . This i nd ic at s s 

t hat t he plo.nts wi th l O\~Jc; r l ev e l s of wa t .: r pot ent i a l wer e abl e 

to SUppl y their pods with a 1Llost thf::; s ame f.lDount of dry 

mo.tt8 r 3S in t tl:: ",,;0 11 wa t 8 r ed treatments , due t o l ower pod 

ens i ty . Pod/s~Gd ratio r emained a l mo st const ant a s l ea f 

Wat er pot . t· . . en l a l da cr8as2d (Flgur3 7D) . This i nd ica t es 

that tr ~n Rl c t · 
a. •• ..., 'ca lon r ,_:tes o f Subst rJll c e s f r om pods t o s eads 

\'Jer e' t 
no li~ited b y water st r e ss . 
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Acc or d i ng l;) ;.5[]uust..: ct a1 . ( 1981 ) and H0rb 2rt and 

(1987,) -.,;o,J ~cnsity , se : d n umbe r / pod and scoe} size 
B ger man \ " ./ , eo 

, the mo s t i I1pvrt ,--;nt f o. ct :)rs which regul a t c:1 seed y i e l d wef<:! l_ 

in cowpe8. s . }i th r,::;sards t,; t:-lC.: r <J l otionshi p be tween l eaf 

wat er po t 8D tia. l 3nd sl)"c1 yi,-;ld ::md its COIDI' Onents , thu t r c ntm.8 

ca us IA l ar gor variati , ns o.munG th -.; n b ..: r of s..: E- J s / pod , s8cd 

si ze and ;?cJ density in tll>..] p r l)S'Ilt study (li' i g ure s 6C , 6D 

and 7C) . Thi s is ill a~-~r '\;.,Ttdlt with Turk vt a l . ( 1980 , 

Shous e 8t a1. (1 981) ::lYl'l H~.rb rt D.ld B'1 (:;C;..: rm n (1983) h o 

repor t ed that tho pou Qunsity 'Jd S th8 mos t s 'ns i t iv8 COD 011011 t 

of seed yie l d in strl'SSl.J,t C0WPl.J;:' p l an s . In t he r e s ent s tudy 

s80d number / pod w, s th, 12[I)S t i [;.a ificc.n tly r o UC Gd COIUpOJ vn-

of seed yi e l d, as l LJ.J.f W3.t ,r potcntia. l d\;.,c r 8as "d ("8' i gur r.: 6D 

and Appendi x TD.bl ~ 10) . LO-JLJr pod C ls i ty r ~ sul t \.. d f r on a 

reduc t i on i n th e llU 1b,'I' ,f e,l;'., r ril"lur 'i i o. whi h H.Jnckv l (1984 ) 

sugge st ed was CD.us ~d by the i . hibi tory c ffLJcts of wat e r s tres' 

on r epr od ucti V 8 proc ,) F~S() "" such as ano thc' dov l:;)lopnc-n t an 

fertilizat i on . 

Adj e i - T'.ivUI'1 (1 976) r f'o r t'Jd t at s oybean I) l aI!ts r egUl a t ed 

by PhYS i ol uC; i c ,J. l Dborti un , th ~ n ilTIb8r of secd s they c ould 

fill dur' 1 
1 0 9 t nG stress p..:E i oi wh0n irri~at i on wat ~r a s 

aPPlied ' _ 
I n cyc l es ':8 Ll th..: ., r eSGnt study . 2e\ er b ut l a r ;l;e r 

sc:eds Wc;r " th ., . 
~ , c r efor" , p r oduced 1n the trc a t :nent s s ub j ect ed 

to \Vat 
er stress but ~Jr~ sc~ds of (orm~ l s i ze s wer e pr oduc e d 
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i tbe treatments which r e cieve d adequa t e water(Fi gure 6C) . 

T' s the sL~nii'ic 2ntly l ow seed number/p od i n the pl ants l1 U , ~ ' .. ' , 

subject ed to stress i n thE: p r e s ent study ( Append i x Tab l e 10) 

ni gbt a l so b e an adap tive r e sp onse of cowp ea to l ow l eve l s 

of e. ssimilate ace ur;mlat i Gn . 

one cons equc:nce of th ,..; r e duct i on i n se ed number /p od 

was an i ncre a se i n seed size ( F i g ur e 6D) . I f the number of 

sosds/pod is r ed uc ed ~ the sha r e of the assimil a t e s of i nd i -

vi dual se eds incro8sG ( Turk e t a l . , 1980 ) Shouse e t a1., 

1981) . I n this r espe ct Boyer and McPhers on (1975) r epo r t ed 

an i ncrea s e' in th e size of ma iz e s eeds wh en the plants werE 

subj ect ed t o des ic atiun . 3 i milar r es ul ts wer e a l so r epor t ed 

by Arnon (1975) i n linseod . It s eems appar ent tha t t he pr o-

ducti on of l a r gor seclds in response to wat er stress , or othel 

adverse environment 3 l conditiGlls , c ould be an adaptive t r ait 

in some Dl ants , sucb as cowpaa , ilhich he l ps t hem to avo i d 

60i ng i nto c;xt i ':lct i ol1 by r r oc1uc i ng r e l a tively l ar ger and 

];lor e viable seuus . 
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3UMIviARY AJl'\fD RECQI.!J\J~EnDNI'IONS 

The r asults of studi 2s on t he wat er r e l at i ons of co ee 

V
"v .Bl ack Eycb20 ll showed that dr ought r esi stance w~ s 

u n ai nly 

dU8 to sev e r a l me chanism tha t r egul a t Gd p l an t wate r l os s . 

r ansp i r a ti onal w0t vr l oss wa s mi n i mized by t ot al l eaf 

Jr 8a r educti on and ma i n t e nance of h i gh s toIJ.at al r es i st ance . 

Gr eat er r oot Gr ow th , &'1. indicati on of h i g:le r ef f i c i ency i n 

\ :-. to r ~;'b s::;r~; ti l' , . V'r . S )bS e rll~: :J i n s tre ss ed p l ants . Hi gher 

concent rati ons of amino ac i d s , s olub l e car b ohydr at es and 

r educing sugars in wa t er defici ent pl ants i ndicat ed t ha t 

osmor egul:'J.ti on Qight b e an i mpor t ant mechanisEl f or drought 

t ol er anc 0 i n COV~PGo.s . It ~J8S obs ,; r v8d t hs t under dr ought , 

cowpeas proGucod a fewer number of s eed s /pod but t he s eod s 

we r e lar'~er than nor ma l . Th i s cha r act eristic of cowpea 

is bcli ev '.d to be nn advantage; t o the pl ant b ecause it 

enabl e s it to survive und er adverse condit i ons of drought s . 

I t i s r(;Cv"T!hmdod that the use of i mpor t ant dr ought 

3daptiv~ tra i ts suc h as h i 3h st oma t a l r esi st anc e , bet t 2r 

r oot gr owth 20j hiGher so l ute a ccumul a t i on be i nc luded i n 

the cr it eri a fo r selcct i ns dro ught r esi st ant cowpea cul t ivar s . 

Br eedi nG exp erincnts t o p r oduc e s treins t hat will pos s ess 

those d2sir2.o1 (: tr a i ts 8nd yie l d char act erist i cs ar e r l;:;col!lmende< 

Further r esearch to dete r mine t h e effects of p l anned wat er 

d 'hci ts h t o mor e at different stages o f p l ant gr owt s o as ~ 

cl car i ly establish the ir p r act i c a l v a l ue f or cowpea pr odu-

ction . ~ _ 
- , l ;:, r o qUlr ,:) d . 
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APPENDI X 
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Table l A Change s i n He i ght with age o f Cowpea P lants 
as Influ e nc e d by Le af Wat e r pot entia l 

P l ant height (em) 

* 



I 
C'-­
co 
I 

Tabl e 2 Cha ng es i n Le an Ar e a with Age as I n f l uenc e d 
by Le a f Wa t er P ot ent i e.l 

* ~\.c(,c~ :~s vvit11in trJ.v Sc.I>,'? cvlu·.~_:c.l. lc\11011.::J. t~ I t.~.~ 
S(:lC.O l\~ ttl.'r ere L.ot s i l:;Lificcntl':'7 diff'-'~G _:t c:t 
c: - / 1 1 co b ' . l ' " .,. . 1 k /;0 ev(~ en p r o ·J.Ol. :L cy c:t S Cle"1J8n.·.ll18( (-,y 
Dun c an ' s Multip l e Bange Tost . 
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Tab l ~ 3 Change s i n d ry matt e r c ont e nts of c 0 wpea 
s eed lings with a ge as i nf luenced by l ea t 
wat Gr pot ential 

* l,lef;.ns 'vii thin th~~ Sc.1~'~C colurTl follO'L.~ b;;; the 
88.:"8 lett.8r ?ere.; E()t si::).:;'J_fic':~.L tly dLL·,rC'r·...:;~t ::t 
the 5% level of probab i ~ ity as Jctpr"inGJ bj 
Dunc an, I 8 ~.rul t ir·le :':{C\llL~C?: T:';st . 



bl :n l 

rtoot;/·~ 00 ra "C io an ' spo c ific l oaf '!ci ___ ht i n CO".p;3CJ. 

as in lunnced b y l ea ·o t.or pot 8rJ.tial . 

I Leaf 'No. t-;'-;-- ----.-r-------------- -,--.=------. _.\ 
Ipr t .) til l RGR I . NAR2 I RO?t/~h00ti i3JJ"2 

I~ B::)_: C~~da~J _~:~t;_~~at _~a t~o __ . _ L:~~:'!lr_ea) 
I - 5 I 0 . 04

0 
t 0 . 36a 0 . 10. I 6 . 25. 1 .. -----.. ---...... . ···f- .... - - .. ---- . .. --._--"" .------ ____ . ...:"_ .. _ .. _.~ __ .. -c.:.. .. - - .. --•. ----

I I 

/- ~; ;.---- --~ :::a__ -:<:3b --1:: ::bb·---·---t' :-: ;;-~ ____c. 
c a c a ------. - I .---.---- ..... -.-- .· _m_ .• .. _ -_ . ., --- --. ' - "-' .--.---.. 

·-1 5 1-0 . 004b I - O . 19c 10.2L1- ., ~ 707 1.~:J. 
- - -------- .,._._---- . - .. -- .- ... -.--.--~--.- ... _ .. " -- "._.--- .... 

~}: 

are Dot si~nificd~t1y differ~nt at th3 5~ IJv~l of 

probability _ 
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Te.b l e 5A stonata l vres is t nn e e , n itrat e r educt ase 

aet i v i ty and nodulat i on 3 S i nfluenced by 

leof wat e r po t enti a l 

l.;f - -------- -I ··· -st-?8at ~t l \1 

\Vate r potent i a l I r Os l sto.nee 
( Bar~L_. ____ ._+ (S Gc / cDL_ 

-5 ---.. _-J- _ _ ~~ 5~3_ 
I I 3 . 8 4 a - 10 ------r-------·- ----

-12.5 4 . 03 

(NR A NIT:JO;/g I Nunber of 
fre ah ~ \ I ef f ective 

t i s~ue / h~ .. nodul es 
0 . 42 26 .83 a a -----------4---_ 
0 . 201 

a 17.33a ._-- ---_. --- -----+-----.:... 

1

- ---t- a 

-15 i 140 . 25b I 0 . 08b 1. 67b I --- -- ---. - ---------------.---------. 

* ~J1e8ns wi thi n t h e sCJ.r::e co l umn f ollowed 
by the soma latter a r e n ot significantly 
c'Liff2TEm t a t the %5 L.:ve l of prob sbil i ty . 
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Tab l e 6A Tota l chlorophy~ l , chlorophyll a and chl or phyll b 
in r e lation t o l eaf wa t e r po t e n tia l . 

M~~ns within the sa;c c~lus~ f~llo~cJ 1y th~ 8323 letter 
a re nGt sicnificGntly d ifferent o t the 5; lCVJl o f proh~0ility 
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Tabl o 8A S t a rch , tot s l so l uble c 8rbo:b.ydrc.l t es , r oc1 uciJJ.g su ;~ar s and 

a c ino acid s in r e l a tion to l e af wat e r pot ential * 

- -- ,----,---,-----_._---

''-1' r­lJ .. J.'.J s a."-',c colur.-:.rc follOVJO~ by three 
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Tab l e 7A. To t a l , s o l ub l e an d i nso lub l e p r ot e i n s i n 

r e l a t i on t o l eaf wa t e r po t 3nt i a l 

1--""-- _ _ H' - .--' .- ----- - .. - - .• - -'-_ ____ _ . _ _ . _ _____ _ _ . _ 

~e a f ~ater iTotal I I I 
}otential I F~ot2in I ~oluble jl I nso l ub l e J 

1 (B2r~) ( ': _ S/~·l.:mt ) Prot2in l'L' ot·~ i L 
I I I (r:'~'I-l"'~t'\ ( r"j'T'll -" t') 
. I • • , I "0' J U I I L'~ ~.----.- I 

* M8011S withi n t he SJ~e c oluDn f ol l owed ~y t~e G~~e 
l etter are not sisni fi c antly different a t t be 5% 
l evel o f ~rob2b~1~ty . 
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Tab l e 9A Seed yi e ld end soce o f its co~p0nents a s 

i nf l u Gnced b y l eef wat e r p o t en t i a l . 

* L0ans \Ji thin the S",.LC c o l uclJ .f'olloI:JeJ. ~Jy the S"':lT'~G 
l ei.:;te r are not siC.';::~li fi c 2ntly di.;.'f0rent:; ,00 t t he 5;;; 
l eve l o f p r obability . 
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Tab 1 8 lOA Pod d ensity , l e n g t h , and y i eld an s e e d n UDber/pud 

i n relat i on to l ea f wate r p o tenti a l* 

-_.- ._+------

t ·-10 

~:,·:.:.,ns v.i t~~in t~10 E:' '::=.t:; c..;lu.;-: L f.:,ll(J\','::: ',")7 t!l -; C~:.:' 0 

l(;ttor sr. :-'lOt Si.!.,l ific~:'Etly diffc.::r21~t e.t t:h;5~; 
lev el of prob~bi l ity . 
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