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Abstract 

Approx#mately 707 of the world groundnut produnzon r o m o  lrom rhr drlclopiny counrrirb. 
many o f  whrch he in thesemt-and t,op)cs (SA1). Yklds tn rhe SATarc low and rarrnhlr due to 
e r ra~~ers~n fs l l ,  Warerdefic,!.~ fhar area conrcqucnceofthrrmhalance hcrwern wilrcr ~upp!).and 
plan!-water needsaflecr~rnundnuryrowrh dcpcndrnyon rh rs lap ro fc ropy r~~wh and Ihcdegrrr 
or zntms,tj of the drought ?Ires5 In  order lo dcvclop milnege,nent slrareg8cs I c r  Increise and 
srabrlr?r zroundnut vlclds lo rhr SA7 !r is nsersarv t o  stud, the rflerr rrl drouuht rlrrsr a1 
drflerenr phenolog~alpharr ,  on pn,wth. water relatrons. and yrcld. 

Tors1 water use hyproundnur is controlled h.v c1,mafic. agrononlc, end wrrctal fecrt,r.$ Thr 
roleufsomeol'rhcsefictor~ has heensummanzed w i rh~u~rah l rmam~les .  Dn~uphlstrc.~~rf fecl r  

I dtffercnl phmologicalphase~ on theyrowlh. wafer mlar8on,. and yneld have hrcn hyhljgh!hlrd 
~ m " ~ I h ~ d a l a c ~ / / ~ ~ l r d ~ n a  series of~rpenmenlsronducledovrrlhrccpo~tra~n.vsraron.~~~I'IYUOl, 1 

f9XI. and IY82on a medrum deep Al f i ro lat  lCRlSA7 center ,n Indm rmploy!ny fhr bnr-.$ourct, 
sprinkler irnyarton Icchntque The rmplicerrons of rrscarch on water ~ ~ l a l r n n r  m dcvclop~nl! 
\tcrteg,c' fnr rmproved ypruundnor pmdurriun arc d>$rurred 

Eludrs aur Ira relation* hydriqura dr I ' un rh id r  : L i ~ t l r u n  7oRi L lo /mm&r~mn mond~ulr 
d'machdrpret,rm, dm pe, r m tinre & diue~/uppcmmr. h r  plusrrur. rr rrutirnt dm5 h *,met rrrrl,r<nln 
smt.undm. I)ms CPJ zonc~s, IPS rwdemmr~ ronr / a M a  a ur~nol~b. pn r v l ~ o n  dr, I '~nd~~- l i l ru~td drr ~,luz,,.\. 
I.'r//ef &s di/mrr h~dnquo  l rLul tmu du dCl8qurLbr rnrre I'opprrrr d'w cr I n  h o r n s  hrdnqur~ ,le$ 
plnnru) vur lo rror\%mn & I'urruhrdrvwtr~rlon l a  rtorlrr decraarronc.c &lo c~11ure n lapravrrddu srrr.rs 
hrdnqur. Pour dPurlappc d r . 7  srrd+prs vrrunr d urnoirrr rr r i p l o r v ~ r  I apmLn~on  dimrhrdr dnnr L 
inner remt.midcs, rl f u r  audrer k dr lu ronrramtr hvdrlqur d drl/hcnu ~ t d e ~  phdnol~,~,plqur~. l o  
rrlwronr hvdraques FI b rmdmrenra dr I'wachrdr. 

Lo coruommorron lade  d'rw pm i'arachrdr r ~ t  (oncrron & locrrurr clrmor6qu~s. qronomlqur> rr 
t~onirour. LC rdG dc ecrlolru & ~ ~ ~ / L I C I I I I I  ISI 11lu111Ppar qu~IquuUu uurnplcc /.en rffet. dr lu ro ,nrccc~~~ 

h.ydnqrrr sur In cruusonrr, Ics rrlorronr hydryuer a Irr rcn4mcnts runt r iv lmb pour drffhentr r&$ 
dk lo lqy res .  Pwr ce forre. novr avoor u l r L i  l a  dunnki m lkdk r  lorr d'unr rbrc  &.an rundurt. pn 

1 )@O, 1YRl er lY8%~prb la rouondup lu~~ ( ,  ~(u~(&~dcAi/. i / . i / . l~drp~~/~n&drdrm~wnnn, n ~:PPP~~~ICKI .SAT 
rn In&. Lorrdnqur d i n l ~ o r r o n p  UPPPPW em 1 w c  u i r d u 1 ~ 1 1  La mmpli,wzwu dr w.7 ri~vlrorr rvr lr 
dk*loppmeor de rrrorbes  & prdudzon d'wmhtde ~nnt drrrut&s. 
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rpartnp studtcs was reported tn ~nnurnec thc water 
use. 

The clop waler-use requirements reach the rnaxc- 
mum ahout mbdwa) through thr grouth of thr  rrnp 
whcn the canopy cover 1s complete 1 fPa>~d<on el  al. 
19711 Peak uuter-use value\ range l r o n ~  5-7 mm 
(Mantell and (ioldln 1964. Stan,ellet al 1976. Hen- 
nlng ct al lYX2l Satl-water availahtl~ty exerts a 
cnntroll~ng ~nnuencc on the peak water use a, 
reported h) V~vckanandan and Gunarena (197hl 
uho  measured peak values 01 h 1.4 8. and 3.8 mm 
under high. intermedtate. and low water pntentials 
respecuvely. 

Soil-Water Availability and Total  Water Use 
as Influenced by  the Stage at which Drought 
Stress Occurs 

Raint( i4n the semt-arid rqlons IS erratlc in dura- 
tinn and distribution. which could lead lo  droughts 
of varying intcnsitics and durations durlng tho crop 
season. Hence. the total water use could vary wtth 

Remark, 

lmptttd at NY; wawr dcpkucrn 

Thr crop growth phases \ lud~rd  were 
A cmergence to \Par1 of Ilower~ng. 
B crnorgrnm La \tart of pegging. 
C. \tan al  nowfring to start o l  S C E ~  ~rowth .  
I). $!an ol  $red growth to maturity, and 
I collltvuc,ur stress from cmergence tu malurlty. 
(jrnwlh phases ~nvotigatcd dur~ng 19HO;HI and 

IYHI X2 included HtnF..wh~lrin lYH22X? In placeof 
growth pharc 1). growth pha\c A war ~ncluded to 
pather addbtional data on the cllectaal w~thholding 
~rnpatlon*duringIheearl) gnrwth pharcr. Although 
data were ctrllcctrd at three dtffercnt d~atances from 
the linesourcc. lor  thosakeol stmpltctty ln lhls paper 
we ore*enl data collected at the I 2 ~ I X  m distance 
rangrfrom the Ilne source, whrh  only represents the 
full) ?tressed sltuauon durmg the penoda whcn Ilne- 
source trrlgarionr were glven 

Sea\onal chrngea in the avallahlc ,011 water at 
different soil depthr in the 0-120 cm ,011 prof~le in 
dtfferent treatmentr durlng the 1YW2!X3 growing 
seasonare presented tn Figure 1.7hcdatrshowthal 
in growth phase A the soil-water extraction was 
more or less conftned tn the top M) cm of soil. I n  

thcstageof cropgrowthduring which thesedroughts growth phase B,s~nccthcdroughtstrevr was imposed 
occur. and the water-userequirerncnts ofthecrop at t i l l  thestart ofpcgging, i.e.. up to 55dayr aiteremer- 
these stager. Ustng the line-sourcc sprinkler tmga- gcnce (DAF), soil-waler extracuon in  the 0-30 cm 
tlon techn~quc (Hankset al. 1976), we examined the soil layer was hlgher than ingrowth phase A, and the 
efl~trofwithholdingirrigationsstdiflerentgowth extraction occurred even tn the lower layers. I n  
stages on the gowth.dcveloprnent, water relations, growth phase C (no irrigations from 30-W DAE). 
a d  yield rcsponrcs o l  groundnut cult~var Robut sail-water extraction occurred at all depths, and at 
33-1 grown dunng the postrainy season. soil depths tQ-120 cm the extraction was signili- 



cantly higher than in the earlier two growth phases, t ~ o n  ofrhe water use tnthcfully irrigated c o n t q  
When the drought stress war lmposcd throughout differences b c t m n  lhe lhm years arc less signilii 
thegrowngsear~n.watcrextrsct~on in the60-120cm 
soil depths war the hlghnt of all the treatments. 

The effect of drought stress ~mposed at different 
growth phases on the total watcr use by groundnut 
during the thrcc years is shown In Table 2. Total 
water use durang the thnc  seasons was different for 
any glvcn growth phase because ofthc d~ffercnccsin 
the ramfall dvrtng the precedtng rainy scason (and 
hence the ~n~tial-profile watcr content) Jurrng the 
three yciln and bccaune of the drfferences m the 
amount of watcr applied. However, when water use 
In any gtven growth phase Is considered as a propor- 

Peg Penetration into Soil in Relation 
t o  Soil-Water Avdllbil i ty 

Soilaurfacc moisture content is consldered critical 
to DCR entrance into the soil. Tavlor and Ralllfl 
(lPh9jshawcd that as the sail dricd. 11s mechanical 
resistance increased. For fru~ting to occur the gyno. 
phores must enter the soil. Hencc the soil physical 
condition a of lmponance stncc thc gynophom a n  

S o i l  depth (cm) 
- 0-10 

- 11-30 Growth phase A 
31-60 

,--- 

Growth p b w e  B 
b ,. 

Growth phase E 

20 

20 40 60 80 100 120 140 20 40 60 80 100 120 140 

Days a f t e r  emergence 

Figure I. S n w u l  cbsnga i. srsi lsbk mil ws tn  (mm) st  dlffnrnt d r p t h  (em) lor youndnut subjmed to 
CowcblaremimdiMaenl CowtbpLua.ICRISATCenler. 1982/83.(CrorUI phase A:er rnencr lo~Wrof  



1.14 rater me (m) ol m a n  cr Robut 33-1 rhn dm@ sum wm Imp& st d i l l e d  vowh pbrr,  
diq three p r b 8  - ICRISAT Cmtn. I'IICU. 

Told aaar u% (mm) 

A . E m a m p l 0 ~ 0 l f b u m n e  
B Emcrgencr to rtsn of pgxing 
C. Stm o l  flowerrng to stan of occd growth 
DSunofndgmrnhwwur i ty  
E. Emcrgrncr to maunty 

Control 

1 77mm ol run ~ r v e d  dunng~hc ~rovvtng sawn 

~blctocxe~apresrurecqutvslcnttoonly 3-4gcm treatment was 4.4 while In the conttnuous-stress 
~n the sod (Underwood el al. 1971). treatment at wab only 1.7. Vlvekanandnn and Gun- 

Wcmcasudthcsoil-pnetrauonres~rtancc(SPR~ arena1 IV7hlalu~rcponcd redu;cd 1 A l  ulth rcduccd 
n the surface 5-5 em of ,011 durtng the 1982 h 3  st,tl-uatcl potcni~al.ulih nlaatmurnl .\lot h 25618 
<rod + m n f r o m t h e  b e g ~ n n ~ n g o f ~ e ~ ~ t n g t o t h c  soil-water potsntial 01 4.033 MPa. A study of the 
,od development period. anatomy of groundnut leaves under stress (Ilyina 

Scaronal variation in the SPR for the dtffcrent 1959) rcvcaled that leaves formed under stress had 
rcstmcnls(F~g. 2)showsthatingrowzh phaseC. the smaller cells than othcn. 
SPR was higher then in growth phases A and B with Several studlcs reported reduction tn the d r y  
.he highest SPR value of 9.9 kg cm recorded at 86 matter ~ r t d u ~ t l o n  due to drourht stress IFourrlcr 
DAE. I n  the continuous stress treatment rhcsc 
idues ranged from 8.2-10.3 kg cm-' 

T h e  impl~cauons oftncrcascd SPR lor groundnut 
%re reduccd peg penelratmn into the sod (Cox 1962. 
Underwood st al. 1971. Buote et al. 1976) and 
rduccd peg devcloprnent !"to pods (Ono ct al. 
1974). 

influence of Soil-Water Availability 
on Crop Growth 

Soil-water deficiency i r  known lo  inhibit leafexpan. 
sion - stem elongat~on through lowered relellvc 
turnt "i (Sletver 1955. Allcn el a,. 1976. Vivcka- 

- Growth phase A 

------ Growth phase B 
-.-.- Growth phase C 

-...- Growth phase E 

ne idnn- id  0;nsJcna 1976). Leaf area ~ndca(LAI) - ' 
of moundnut in different stress treatments durina 

'' ' 4i 
lh;1982/83 growing rason is shown in Figun f 
The recovery in Ic.f-.rea production when stress 
w u  relieved at the s M  of pegging w u  remarkable. 
However, this recovery was much less reptd in the 
uw where stress w u  imposed during flowering to 
aun of seed growh. TbemSinlcnancc of k a f u t a u p  
to the time of nuturity WM dso remarkable for 
messimpcud i n  y o m h p h u c  B a s w m p a d l o t h c  
fully irrigated control. Maximum LA1 i n  theconlrol 

0 4  
40 60 80 100 

Days a f t e r  emergence 

Figure 2. Seauhul changes in mean ddly miC 
pn@ntton m ( d u ~ e  (kg em') In  d ro lyb( l t ra  
Irutmonb i m p d  11 diNemnt yoWh phua. 
ICRISAT Cntrr,  lW/83. 
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tlon now enable measurements of transpiratton. yml - Growth phase A whtch is related to stornatal opening and closing 
EIOOO -.-.-Growth phase 6 mcchanl~rns under drought stress. 

Growth phase C 
800 - .-Growth phase E 

20 40 60 80 100 120 140 
Days a f t e r  emergence 

Filure 4. Sruonal  changes in  dry-mattn produc- 
tion (I m-t) for groundnut subjected to drought 
stmcssk different i rowth p h a s n . i C ~ 1 ~ ~ ~  Cmter. 
1982113. 

o f  atmorphenc demand. sotl-water putcnual. root- 
~ n g  d " *) and dlrrr~buuon, as well aa other plant 
charackils;lcs(Kiimei 1969) Therefore to obtarn a 
true meuure of plant-water dcllca. the measure- 
mcnta should be made on thc plant. Several plant 
mcasuremenocould be used asindicator, ofdrought 
stress lor  groundnut. The most promirmg ones 
reported lo  be useful under flcld cond~tlons cnclude 
stomatal reatstance (Pallas and Sam~sh 1974. Pallas 
r ta l .  1974. Bhagsarlet al. 1976). leaf-water potential 
(Bhagsart et al 1976. Pallas el al. 1977, Pallas ct al. 
1979). and canopy tcmperature(Sanderset al. 1982). 
Rcccnt advances made In poramctr) ~nhtrumcnta- 

linder drought stress slgnificanl changes ~n rtomatal 
reststance of groundnut plants have been shown. 
Bhagsart et al. (1976) showed that whcn rrlar~vc 
watcr contenl decreased M o w  80%,, a groundnut 
crop showed adaptation to drought stress by reduc- 
~ngthc~tomatalconductance. Diffusive resistance In 
the stressed planls was 30-35 s cm ' while in the 
watcrcd plams itvar1cdfrom0.5-2.5scm Reduced 
photosynthes~r due to drought stress In groundnut 
was attrlbutrd to ,tomatill closure (Bhilgsara et al. 
1976). 

We madc d~urnal  mcuummenu of stomatsl con- 
ductance and transplratlon using a sltady RI~IC 

pornmeter at weekly tntervalr from O W  lo  1700 at 
2-hour ~ntervals cach day throughout thc crop- 
growth per~od durtng the 1982183 growing season. 
Diurnal vanauan tn thc stomatal conductancc o l  
groundnut that was subjected to drought slrcss at 
differen! growth phases ~sshown I" Figurc h. These 
measurements were made at 75 DAE whcn stress 
was relieved In growth philres A and Band growth 
phase C war undcrgoingslrcss. Both ttmcofthcday 
and d rou~h t  strrrr ~nlluenccd the observed slomalal 
conductancc values. Thc recovery l rvm drought 
strchs tmposcd dutlng growth phase B was rcllcctcd 
well hy thctyptcaldiurnal rerponscexhib~led by the 

- Growth phase R 
Growth phase B 

-.-.- -...- Growth phase C 
Growth phase E 

50 75 loo 125 150 0900 1100 1300 1500 1700 
Days a f t e r  emergence Ind ian  standard t ime  (h )  

F b r r  5. Cb.9- i n  pod p w l h  (g m-2) or yoond- Figure(. Diurnal vub l lon  inrtomatal condudmce 
curt wb)r*ed to  drought atrm in dlfierent y o m h  (em 9-1) d youndnm subjected l o  droueht strew in  
paua. ICRISAT Cmtn, 1982183. differatgrowlh pbua.1CRISATCabr. 1982183. 



groundnut plank to increasing irrsdinnce levels dur- 
ing thcdny and d u c e d  stomatal conductano In the 
late afternoon wth  d u e e d  irrsdianee levels. Allen 
el  at. (1976) have also shown that even when thc 
stomatal conduaance msched 0.1 cm s-', a cloud 
cover extending overa I-hour period could improve 
$1 to 0.5 cm s ~ l .  Plants undergoing drought stress in 
nrowth ~ h a s e  C and in thecontinuous drouaht stress 

the levels of the fully-lrrtgaed control. 1 4  
phasc C the stomatal conductance reached a 1  
imummeanvalueofO.07cms-'from6040 DAE.) 
92 DAE when drought stress was relieved. the m o v -  
cry extended over a longer period. In the conlln- 
uour-stress treatment the lowest mcan vdue 0f0.02 
cm s-I was recorded. Measurements made by Allen 
et al. (1976) also showed that alter 17 days ol 

Gatmen1 closed their stomata by I IW ~n-mponse drought the stomatd conductance reached a-min- 
to reduced sod-water availabil~ty. imumvalueof0.I cms'compared withO.5cms-'in 

To  show the drought-stms mcdulaled responses 
of stomata1 conductance to photasynthetrc photon 
flux density IPPFD) we used the data collecled in 
the fully-rrrigated control treatment and the cont!n- 
uous-stress treatment. In the fully-irrigated control 
trealment. stomatal conduclance Increased with 
increasrng PPFD (Fig. 7). n response typrcal of a 
crop undcr adequate water availabdity. In the con- 
tinuous drought stress treatment. changing mdia- 
1x0" lcvels had little ~nf lucnd  on the stornatal eon- 
ductance, thcreby ~ndicating thc dependance of 
stomatal activity on the soil-water availability 

Scasonal variat~on In the stornatal conductnncc of 
groundnut w~lh  drought stress imposed at d~ffcrcnt 
growth phases ~sshown in F1gure8. Ingrowthphase 
8, whtch was undcr drought stress up lo about 51 
DAE, the conductance was greatly reduced, but re- 
covered sreadily after water applcatton, and reached 

* Y  = 0.55 + 0.29 rse - 0.16 

r = 0.70 P < 0 .01  

the irrigated plots. 

Diurnal variatkon in groundnut transpiration ia 
shown ~n Figure 9. The adaptat~on af groundnut to 
reduce transp~ration under drought s t m s  condi- 
tmns through stomatal closure is reflected in the 
pattern ol transpiration during the day in rowth 
ph- c a n d t h ~ ~ n t i n u o w d r o u g h t Y t r e s S : ~ .  

Seasonal variation in transpiration (Fig.. ) also 
showed a SIX-fold d u c t ~ o n  in daily mcan transpira- 
tion during the pcriod when groundnut underwent 
drought strcss. While the fully-irrigated control 
treatment recorded adaily mean transptralion of 10 
rg crn-' r-I. lt was 1.8 r g  cm-I s - I  In groundnut 
undergoing drought stress in growth phase C. 

Y * 
I I I 1 

0 380 760 1140 1520 1900 0 380 760 1140 1520 1900 
Pho tosyn the t i c  photon f l u x  d e n s i t y  (uE rn-' s-1) 

Fl- 7. St~uul mod- (em rl) of @nut n a Iimcih dpboim)lltMc pbMm flux d a l l y  In 
idly-td (MIL and -m Watmmh, ICRISAT Cmtn. 1962/83. 



Ddys a f t e r  emergence 

- Growth phase R 

Figure 8. Seasonal changes in 8Veragc daily stomatal conductmnrs(cm a ' )  ufgroundnul subjected to droulht 
n rn r  in dimerent growih phaan. ICRISAT Center. 1982183. 
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Diurnal variation m canopy tcmpcralurc ofgraund- 
nut measured at 75 DAE in diffcrant drought stress 
treatments is shown in Figure II. As wtth stomatal 

ip L.. 1 , I 
0 35 70 105 14C 

conductance and transpiratton, canopy temperaturc 
was ~nflucnced by time of the day and the stanc at 
which drought st;ess was Imposed. Canopy temper- 
nturc of groundnut undcrgolng stress in growth 
phase C peaked to 35'C at 13W, whllc in the 
con1 4,bus-slrcss trcatrnent the canopy reached a 
maximum temperaturc of 33OC by l lDO and main- 
tained the same until 1300. In  growth phases A and B 
the canopy icmpcraturcs wcrc low because the 
drought stress was rcl~cved ~n thew treatmenu long 
before 75 DAE. Sandem et al. (1982) also observed 
that canopy Icmperaturcs incrcnscd with drought. 
Afternoon canopy tcmperaarcs under irrigated 
conditions in their study were 28.S0C. while they 
werc 3S°C in thc other treatments whcrc three com- 
binations of drougbt and soil temperature8 wcrc 
imposed. 

-Growth phase A 
----- Growth phase B 

Growth phase C 

,; 24, - Growth phase E 

Indian standard time (h)  

Figure 9. D l u m l  vwhtion in h n ~ p t a t i o n  ( p g ~ n - ~  
s'') 01 sroundnul subjened lo  drought dm, in dlC 
fem~I yowib pbua, ICRISAT Cmta. 1982/03. 



' - Growth phase A ----- Growth phase B 
-.-.-.- Growth phase C 

-...- Growth phase E 
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Figure 10. Seuonal changn in mean daily tnnapintion ( r ~ e m . 2 ~  Ijolgroundnut subjcned todmughl strew 
in diflnent growth p h u a ,  ICRISAT Centn. 1982/83. 

Scasonal variation in the canopy-air tcmperalurc 
drffcrcntial ICATD) arc shown in Figure 12. In 

- Growth phase A ---- 
growth phase B the CATD reached a low valuc of 

Growth phase B 

-2.P0Cto 1.9°Cdur~ngthepcriodofstrcss, butwhen ;; 36 
stress was released the CATD valucs rcflect thc 2 
transpirations1 cooling achieved through adequate 30 
water availability. In growth p h w  C. the CATD 
values ranged from -3.1°C to Z.O°C during the 
period ofdrought streasfrom30-90 DAE. Thesever- 
ity of drought stresa in the continuous-stress treat- 
ment is evident from thcmoreor less pos~tivcCATD - 
for most of the growing senson e 

I.esr-wstsr Potent*l 0700 0900 1100 1300 1500 1700 

The water potential of plant tissue has become a Indian standard t ime ( h )  

standud mans  of expressing plant-water status. Flgun 11. D i d  vahtton in w o p y  lempsnture 
Sludksa conducted so f u  on mcnsurements of led- PC)  of groundnut subjtdcd lo drought mesa lo 
wuer potential of groundnuts indicue that reduced dlllmnt growth phua, ICRISAT Center, 198lj83. 



h p i r a t i o n  due 10 drnught strca could lcad to Bennett el al. (1981) rcported that In field tests. 
bed. watcr potcntials of -3 0 to 4.5 MPa (Bhagsari zero-turgor potential occurred at leaf-water poten- 
et al. 1976. Pa l l s  a d 1977. 1979). whdc !n the ttal ol -1.6 MPa and concluded that water relalions 

frequently ~rngated planlswater potcntralsaaycd at of graundnutr w c ~  similar l o  other crops with no 
around -1.2 or-1.3 MPa(Allen ct al. 1976. Pallas ct unique drouaht-rcsrstance mechanam. Stanscll et 
al. 1977, 1979). Patcl el d. (19831 showed that Icaf- al. (1976) hawcvcr. noted that cloudscen csusesig- 
watcr potent~als dccrewd from -1.0 to -3.8 MPa ntf~cant changes in  plant-water btntus of aroundnut 
with a decrease tn soil-water ~otcnt la l  from 4.05 l o  tn a short I!&. Thcrciorc thcv cautloncd that care 
-2.0 MPa Sarma (1984) recorded largc diifcrenccs 
in leaf-water potentials of groundnut gmwn under 
different FT  levels. I n  the lreatmcnt thar rrce!vcd no 
supplemcntd watcr i rom emerecnce to maturlly 
where the seasonal evapotransplrauon was only 47 
mm. thc leaf-water potcnual reached 4 . 3  MPa. 

Gautrcau (19771 used leaf-water potential mca- 
suremcnts to evaluate the drought tolerance of 21 
gmundnutcult~var~ InSenegal. Early cultlvarr which 
avoid the end of wct-reason drought hy il short l ~ f c  
cyolr had lntermedlatc leaf-water potent~al; thovc 
wlth& lowest potcntials had the h~gheat yield. 

should be takcn to sample different treatments 
under comparahlr radiat~on 

Influence of Soil-Water Availability 
on Pod Yield 

I t  I* difiicull l o  ftnd unlfornt conclur~onr from stu- 
die* cunducad ro far on the influcncr ol  *oil-watcr 
availahlllly on yield at different growth phascs. 
Slncr pmundnul is oftcn grown under contrasting 

- Growth phase A \ s,- 
\.I 

-...- 
-104 

Growth phase E 

0 35 70 105 140 
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Figure 12. SI.socul ch8ngm in nun d i l l  u n o p y 8 t  tempermture dlNereo1i.l of poundnut sabjrcted to 
drolyM Iba in different growth phua, ICRlSAT Center, 1982/83. 



moirturc regimes in  a range of cnvlronmmts, mca  
~ u r c d  yield rerllanscs arc different Whtlc somecar- 
ltcr st;daes showed a marked trend for hlghcr ytcldr 
at highmoature Ievcls(Goldkrgctal. 1967. Matlock 
c la l .  I%l.Suand Lu 1%3l.lhe momrcccnt ~nvcstt- 
gations (Nagerwara Rao ct al. 1985) confirmed that 
irrigations can be withheld durinp much of the 
vegetative perfid without any apparent effect on 
pod yield. As showncarlrcr, drought stress unposed 

Reducuonr ~n pod yield duetoslresr wcreI; 
growth phase D. The indeterm!nete nature I 

crop ss well as the subterranean fruttlng habt i  
should becr,nsidrred hcrc. Since fruit lnlt!attoncon. 
tlnucs after the start of kernel growth. soil-water 
deficilsdurlngpod f~llingslayr reduce both theiniti- 
ation and development 01 pods(Matlockct al. 1961. 
Baotcrt al 1976. Pallaset al. 1979. Underwoodctal. 
1971, Onoet ill. 1974) High soiltcmpcratures(Ona 

from cmcrgencc to starl of pep !na!atlon had not r t a l  1974lmiyht haveaff~cted thc&gdevelopmenl 
affected the total dr) matter produccd and the rate ~ n t o  poda. and yrowth o f  pods in  the roi l  might have 
o l p ~ d  growth Varlous plant-water strc>s mcasure- k e n  sfleclrd by ~nadcqualc molsture ~n the root 
mcnts also showed impressive rccovcry from thc lonr (Allen r t  al 1976. Boolc ct al. 1976). 
stress in thls treatment. 

Pod veld- for d~ffercnt drounht-strcsr treatmcnlr 
during the threc growing Eraruns at ICRlSATCen- 
ur (Tablc 4) show that In cumparlsan to the lully 

for improved 
~rrlgatcd control. slrcss from emergence to pcggtng lm~lications 
gave 18. 12. and 344,lncrciired yields. As Nageswdra of Research on Water Relations 
Rau ct a l  (I9851 surmtscd, lhtr effect prov~dcs a 
slgnlficant managcrlal option I" that ptrcss at lhlr Sevcral speakers ~n lhis symposium h t ~ ~ ~ * ~ d ~  
stage can be allowed l o  maxtmtze use ol  !rnnatlon emphasized thc nccd lo  develop atratcaicr Ihat wtll . - 
resource,. Water savings that accrue from wxlhhold- m&e more cfficicnt urc of the limited watcr avstl- 
Ing trrigatlons dunng this slagc could be substantial able for gvoundnut product~on in the SAT Research 
and could contribute to tncrcased wetcr-use cffi- un waLe;rclations that treat!. !he ho~l, thc plant, and 
clency. I t  wab proposed that In farmtng systems thc atmasphcrc as a continuum cmphasiur that 
where trrlnatlan could be used Lo lnlliale a crop of drnupht stresser affect Crop growth and develop- . - 
groundnut wlth a long-season cultivar ~n advance of rnrnl becausc of low watcr avatlability (or i n  other 
rains. 11 may k possible to explait the hcncflts of words. low probability of recelvlng ra~nfall) during 
stress before Ihc rams arnvc. ccrtatn sensitive stages of the crop-growth cycle. 

When stress was Imposed d u n g  growth phase C. Hlntor~cal ra~nlalldatashould pcrm~tdeterrninstion 
the reduction ~n pod vtelds was 30Bdurinn the first of~robabilit~crofdrounhtstrcss periods fornround- . . 
season. 18% dur~ng  the second. and 25% during the nut from a mean sowing date, wh~ch could be cslcu- 
third season Lower soil-mosture content In the lop lated from the beginning of rams. As anextcnslon of 
so!lmight havccontributedtoconr~derablemechan- this aoorosch. i"fomation on soil water-holdinn 
ical reslstanccto peg penctration(Cox 1962.11ndcr- capacity and patterns of change in evspotranspira- 
w a d  el al. 1971. Bootc el al. 1976). l ion ~ 8 t h  crop growth could bc used In a simple 

Pod ytelds (kg ha 'l 

Emcrgcncc to rtsn of flawcrang 
Ernerpwc to ntnn of peumg 5480 
Stan of flavcrsng la rtan of wed groMh 3257 

D Stm of wed growth lo malvnty 14% 
E Erncrgence la mslunty 190 

Control 4615 

1 77 rnrn of ram - t d  dwtw t k  yowns r w n  

9 4 
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