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Abstract 

Excised-leaf water loss from excised leaves of 30 wheat cultivars was detennincd 
under irrigated and drought stresscd conditions. It was thcn related to the droughtre
sponse index characterised by comparing grain yield under irrigated and drought stress 
conditions. The water loss has been found 10 be an indicator of drought resistance and 
considerable genetic differences existed for this ea~ily detenninable trait at tillcring and 
anlhesis stages of plant growth. The droughl response index had stronger associations 
wilh water loss under drought conditions which indicated that varieties showing less 
"':ater loss also contributed to drought resistance. The cult ivars C 306 and RL 7 had 
low waler loss at both tillering and anthesis stagcs of planl growth and had high yield 
undcr drought stress conditions. 

Introduction 

Wheat cuitivars differ in drought resis tance but the mechanisms contro!ling these dif
ferences arc not well understood (BLUM, 1988). Control of leaf water stress is detennined 
by a widc range of characters incl uding, stomatal behaviour (LUDLOW A.\ ·O MUCltOW. 19'.10; 
BAS~AYAKE et al,1 9%). leaf expansion, and Ihe degree of leafrolling (DHA~DA et at., 1995). 

The commonest measures of leaf watcr stress arc excised-leaf water loss and leaf water 
potential (JO~ES et ai .. 1991). The estimation of waler stress by Ihese methods tends to be 
slow and difficult in fiel d conditions. It would be valuable. therefore. to have a rapid 
melhod for est imating plant water stress in the field. More recently, the excised- leaf 
water loss has been related 10 drought resistance in wheat (CLA~KE & MCCAIG. 1982: 
SCHONFELD er al., 1988: WWJeR er ai. , 1'188; CLIRKF. et ai., 1989; M CCAIG & ROMAGOSA. 1991), 
moderately heritable (CLARKE ANI) TOWNI.EY SMmt. 1986), and is a rapid method for esti
mating waler loss in field t:Ondilions. Excised leaves provide a simple model for study 
of water loss from intact plants during pcriods of intense droughl. Following excision, 
stomates close (lnd water is lost from the cuticle and possibility from incompletely 

Department of Plant Breeding CCS HAU. H i ~ar. Har)"~na, ~nd Department of Plant Breeding 
& Genetk5 HPKV. Palampur (HPJ. India 



closed stomll tes ( M CCAIG &. ROMAG05A. 199 1). Rawson and Clarke (1988) supported this 
phenomenon while comparing the nocturnal ttanspiralion of drought stressed plants 
with the rate of water loss from excised leaves. The objective of the present study was 
to determine the excised-leaf water loss in a range of wheat genotypes wilil varying 
degree of drought resislance, and to relate th is character to drought resistance and grain 
yield. 

Materials and Methods 

The experiment was conducted on 30 diverse cultivars of wheat (Triricum Qutil'IInl L.) 

which were grown under irrigated and drought stressed cond itions under glass-house 
conditions dllnng winter 1990-9 1 at the Himachal Pradesh Agricultural University, 
Palampur. India. The experiment was arranged in a completely randomised design with 
3 replications. The plants were raised in plastic pots of 9.0 kg soil capacity on dry
weight basis. Single plant per pot was maintained for sampling purpose. The drought 
streSS conditions were created by stopping irrigation on 20 days after sowing (prc
llnthesis period). 60 days after sowing (during anthesis) and 90 days arter sowing 
(during grain filling) in liIree separate experiments, respectively. The flag leaf along 
with penultimate leaf on the main culm of the plant were sampled in each of the 3 
replicates for each cultivar from the irrigated and drought stressed pots in all the ex
periments. The leaves were weighed immediately after sampling. after putting in incu
balOr at 28°C for 6 hours and afler oven-drying for 24 hours at 90°C (CU.RKF.. 1981). The 
excised·leaf water loss (ELWL) from the excised leaves was detemlined by the for
mula given bclo ...... 

ELWL(%) = Fresh we ight - we ight after6hrs x 100 
Dry weight 

In order to avoid any complication due to variation in the level of mid-day water defi
cit,liIe data for excised-leaf water loss was recorded from predawn measurements. The 
plants were observed for temporary wilting in the evening and only those plants which 
did not recover during the following morning were selected for recording observations. 

Soi l moisture percentage ..... as determined by weighing-pot method. The range of 
moisture percentage was between 14 to 18% at lilIering slage. and 12.5 to 15% at an
thesis slage.' The soil of Palampur were clay Iype, of therefore, wi lting point plant 
started re latively at higher moisture percentage level. The flag leaf wilh two preceding 
leaves from single plant were sampled for recording observations. The leaves were 
placed in polythene bags and transported to liIe laboratory. In order to relate liIe ex
cised-leafwater loss to drought tolcranee. the effect of the intervening factors. namely, 
ontogenic stages, and high yield potential on droughl tolerance was nullified by calcu
lating drought response index (ORi) suggested by Bidinger et al. (t987). 



Results and Discussion 

Analysis of "ariances were perfonned for the data under irrigated and drought stress 
condit ions fo r excised-leaf water loss, days to heading and grain yield (Table I). Under 
m gated conditions. genotypes were not differing from each other for excised-leaf 
water loss at ali the stages of plant growth observed. But under drought stress condi
lions. significant differe nces among genotypes were observed only at tillering and 
anthesis stages of plan t growth. The data for days to heading and grain yield/plant was 
significant under both irrigated and drought stress conditions. Non significan t differ
ences among the genotypes. for excised- leaf water loss under irrigated conditions may 
be either due to high sampling error or poor expression of the water retention traits in 
the absence of drought stress condit ions. It may be inferred that creation of drought 
stress conditions enabled the genotypes for greater solute accumulation and osmotic 
adjustment (MASETIE et al. 1988: l.It.LEY AND Luol..Ow. 1996). In acldition, drought stress 
environment also result in the expression of characters like waxyness, leaf rolling and 
glaucouness (MCCAIG ... ~"t) ROMAOOSA. 1991; BASSAYICE t t aI., 1996). The comparison of 
excised-leaf water loss at diffe rent stages of plant growth revealcd that the genotypes 
wcre differing fro m each other for relative water loss only a\ ti llering and anthesis 
suges. But thc differences disappeared at grain-fil ling siage. This was probably due 10 

high succulence in vegetative Slage and low succulence, leaf fi ring and other unknown 
physiological reasons at grain fi ll ing stage (Cl.AI!.~E.19l11l. 

T ab1 t I : Mean squares of )O genotypes of wheal for excised-leaf water loss at di fferent stages of 
plantgrowth undtrirrigaltdCEtlanddroul!htSU"e5-$(El l conditions 

Characlu S"'" Grootype{29)+ Error (58)+ 

E, E, E, E, 

Exciscdlcaf S, 29.45 
waterlo5s 

141.61* * 13.26 4.22 

S, 60.15 278.34*- 8 1.91 18.09 

S, 79.68 309.57 82.52 402.94 

Days 10 4)8.72*- 251.58*" 12.80 9.89 
heading 

Grainyieldl 11.67·· 
plant 

O.Slu 1.8 . 0.Q7 

+ Rcprescnts degrees of freedo m . 
• • : SignifiCiUltat 5% and 1% level of signi fi cance. 
Sh S~ and S) refers 10 tillering. anlhcsis and gn in·fi lling $lages. respc<:lively. 



Table 2: Mean squares values of 30 genotypes for excise(].]eaf water loss, days of flowering, 
grain yield and droughl respon:.;e index undcrirrigalcd (E) ) andlor droughl Slress(El )condi-
lions 

Genolype Excised,Jcat Da,'s toS(t 'l\t Grain yield pu Ind~.or 

n OWt rinll. plant drought 

tillcring 

E, E, E, E, E, E, {DRI) 

WH 147 76.0 71.6 82.0 6 . .1 '.7 
WH 147(U) 74,1 68.1 84.3 18.3 6.' '.0 

Loi< ' 73.0 68.9 ." .... 0 15.8 '.3 03 
LotI(U) 72.9 12.3 85 .0 12.3 
WH l S7 82,2 77.9 ~7 .0 16.3 50 0.$ 
Khan.:hia65 73.6 62.3 100,0 88.' 2.6 

HW2001 87,S 81.1 92.9 84.3 I I.S 

CPANI992 85,1 100.3 80,0 18.6 37 
C 1C6 73.1 63.3 H)4.7 89,0 12.6 7.0 

8304 81.3 <'0 
75. 1 73.0 11)6,7 84,9 

68,0 109,3 83.0 16.9 

11 6.3 93.0 13.9 " PBW 65 99.3 83.1 3.' -0.6 

WL4 10 ".0 78.0 10S.n 83.3 3.' 
WL IS62 76.0 82.8 , .. 0' ,.- 62.S 80, 1 11 6.0 84.7 10.9 3.0 02 
HPW (DL) 78.5 79.1 102.) 83.0 14.6 "' VL411 74.1 106.0 88,3 '.6 0.7 
IlD 2329 86.9 68.9 89.9 76.0 -0.8 
H02329{U) 79.2 75 .7 20,1 ,. 

82.1 67.0 74.3 '5 
HS 295 80. 1 81.0 111.7 82.3 '5 
HI'WS6 86.1 109.7 30 
CPAN)004 83.2 107.) 85.7 ' .0 
HPW 65 74.0 87.7 18,5 <.6 ,1.2 

RL6 79.1 11 6.7 81.7 ·02 

71.5 115.0 " .7 0.' 
RL 68 61.0 84.0 2.3 <.0 
RLM 77.8 110.3 83.0 3.0 -0. 1 

78.3 12.2 10'7 " .3 
SE{In) S., 6.0 3.7 ' .6 
SE{dl 0.6 03 
Ph~OOIypic CO(fClllioll$ 

0.12" ,."thORI 

Signifiran131 S%and 1'7, levclof ~ il!nifican cc reSpe(li"el y 



T'be comparison of mean values of tne genotypes for c:<ciscd- leaf water loss at tillering 
.md <lrnhesis stages of plan! growth (Table 2) indicaled that only twO genOtypes, viz., C 
306 and RL 7 were significantly lower in water loss than overall mean values at both 
~s. The other entries which has lower water loss than overall mean at either of the 
po .... ·th siages were Lok I. Kharchia 65, Hindi 62, WL 1562. Kundan, VL 4:!1 HPW 42. 
HP 65. RL 6 and RL 68. Majority of these genotypes are already weI! known sources of 
drought resistance in India (8EHL el al., 1992; DII'\'1'>"I'" el al., 1995). This suggeslcd that 
C1Cised-leaf waler loss could be an important component for selecting genotypes under 
Ii"oughl stress conditions. 

The overall mean values of excised-leaf water loss were higher al lillcring (78 ± 1.2) 
L'nn 3t anlhesis stagc (72.2 ± 1.3). This may be attributed 10 either high succulence al 
tiUenng or beller retention of waler a[ anthesis due to full development of leaves and 
expression of drought relaled characters at anthesis. The significant negative correla
bOIlS of drought response index (DR! ) wi th excised leaf water loss at tillering (-O.4S"') 
and al an[hesis stage (-0.42"') further con finned thatlhe genotypes having lower water 
bs contributed 10 the drought resiSlance (CURKE et at., t987; Wll'TER el al., 1988). In 
order [0 nu11ify the antogenic effects and yield pmential from the DR! the eITeelS of 
lhesc variables were reduced by multiple regression techniques as suggested by Bid
inger er (II .. (1987). The non-significant correlations of DR 1 with days to 50% flowering 
under both condit ions and with grain yield under irrigaled conditions further confinned 
that DRI was free from ontogenic effecls as weil as the increased yield due 10 irrigation 
The Significant posit ive correlation of DRJ with grain yield under drought stress condi
tions ren:aled that high yield under drought stress conditions was due to drought resis
t:mce rather than yield potential. Thus. it may be concluded thai the genotypes for ex
clsed ·leafwater loss had su ffici ent genetic variability particularly under drought stress 
conditions. The differcnccs for excised-leaf waler loss were disappeared al laler stages 
i.e. grain fill ing stage of plant growth. Therefore excised-leaf waler loss could be util
ised as an effective parameler for drooghl resistance in this sel of material. 

Der Wa.'l..~rverlust des Blattes a ls ein einfaches Sclektionskrlterium fUr die 
Trockenheitsresistenz bei Weilen 

Zusammenfassung 

Der Wasserveri list von abgeschnittenen BlattsHicken von 30 Wcizeosorten wurde unlcr 
beregneten und trocken Bcdingungen getcstet und in Beliehung gesetlt lU Feldertrli· 
gen. Der Wasserverlust stc\l[e sich als Indikator rur die Trockenheitsresistenz bei gene
ti schunterschicdlichcm Material dar. besondersgulbeim Schossen und bei derBliite 
der Pflan7.e. Der Index fUr die Trockenhei[sresistenz zeigte cine stiirkere Relat ion bei 
Wasserverlust unter Trockenheil. die zcig[e, daB Varietiiten mit wcniger Wnsserverlust 
auch res istenter waren. Die Varietiiten C 306 und Rl 7 hatten wenigcr Wasserverlust 
sowohl heim Schossen. als aucn bei der Blute und hallen cinen hohcn Eruag untcr 
trockenen Bcdingungen. 
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