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Abstract

Excised-leaf water loss from excised leaves of 30 wheat cultivars was determined
under irrigated and drought stressed conditions. It was then related to the drought re-
sponse index characterised by comparing grain yield under irrigated and drought stress
conditions. The water loss has been found (o be an indicator of drought resistance and
considerable genetic differences existed for this easily determinable trait at tillering and
anthesis stages of plant growth. The drought response index had stronger associations
with water loss under drought conditions which indicated that varieties showing less
water loss also contributed to drought resistance. The cultivars C 306 and RL 7 had
low water loss at both tillering and anthesis stages of plant growth and had high yield
under drought stress conditions.

1 Introduction

Wheat cultivars differ in drought resistance but the mechanisms controlling these dif-
ferences are not well understood (BLuwm, 1988). Control of leaf water stress is determined
by a wide range of characters including, stomatal behaviour (LubLow AND Muctow, 1990;
BASNAYAKE ef al,1996), leaf expansion, and the degree of leaf rolling (Duanpa ef al., 1995).
The commonest measures of leaf water stress are excised-leaf water loss and leaf water
potential (Joxes et al., 1991). The estimation of water stress by these methods tends to be
slow and difficult in field conditions. It would be valuable, therefore. to have a rapid
method for estimating plant water stress in the field. More recently, the excised-leaf
water loss has been related to drought resistance in wheat (CLARKE & McCAIG, 1982;
SCHONFELD et al., 198%; WINTER ef al., 1988; CLARKE et al., 1989; MCCAIG & ROMAGOSA, 1991),
moderately heritable (CLARKE AND TowNLEY SmrTH, 1986), and is a rapid method for esti-
mating water loss in field conditions. Excised leaves provide a simple model for study
of water loss from intact plants during periods of intense drought. Following excision,
stomates close and water is lost from the cuticle and possibility from incompletely
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closed stomates (McCaiG & Romacosa, 1991). Rawson and Clarke (1988) supported this

while the nocturnal iration 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 with varying
degree of drought resistance, and to relate this character to drought resistance and grain
yield.

2 Materials and Methods

The experiment was conducted on 30 diverse cultivars of wheat (Triticum aestivum L.)
which were grown under irrigated and drought stressed conditions under glass-house
conditions during winter 1990-91 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 (pre-
anthesis period), 60 days after sowing (during anthesis) and 90 days after sowing
(during grain filling) in three 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-
bator at 28°C for 6 hours and after oven-drying for 24 hours at 90°C (CLark, 1987). The
excised-leaf water loss (ELWL) from the excised leaves was determined by the for-
mula given below.

Fresh weight - weight after 6 hrs

ELWL (%)= 5
Dry weight

x100
In order to avoid any complication due to variation in the level of mid-day water defi-
cit, the 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.

Soil moisture was ined by weighing-pot method. The range of
moisture percentage was between 14 to 18% at tillering stage, and 12.5 to 15% at an-
thesis stage. The soil of Palampur were clay type, of therefore, wilting point plant
started relatively at higher moisture percentage level. The flag leaf with two preceding
leaves from single plant were sampled for recording observations. The leaves were
placed in polythene bags and transported to the laboratory. In order to relate the cx-
cised-leaf water loss to drought tolerance, the effect of the intervening factors, namely,
ontogenic stages, and high yield potential on drought tolerance was nullified by calcu-
lating drought response index (DRI) suggested by Bidinger et al. (1987).



3 Results and Discussion

Analysis of variances were performed for the data under irrigated and drought stress
conditions for excised-leaf water loss, days to heading and grain yield (Table 1). Under
wmigated conditions, genotypes were not differing from each other for excised-leaf
water loss at all the stages of plant growth observed. But under drought stress condi-
tions, significant differences among genotypes were observed only at tillering and
anthesis stages of plant growth. The data for days to heading and grain yield/plant was
significant under both irrigated and drought stress conditions. Non significant 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 conditions. It may be inferred that creation of drought
stress conditions enabled the genotypes for greater solute accumulation and osmotic
adjustment (MANETTE et al. 1988; LiLey AND Lubtow, 1996). In addition, drought stress
environment also result in the expression of characters like waxyness, leaf rolling and
glaucouness (MCCAIG AND ROMAGOsA, 1991; BasNavke et al., 1996). The comparison of
excised-leaf water loss at different stages of plant growth revealed that the genotypes
were differing from each other for relative water loss only at tillering and anthesis
stages. But the differences disappeared at grain-filling stage. This was probably due to
high succulence in vegetative stage and low succulence, leaf firing and other unknown
physiological reasons at grain filling stage (CLArxE, 1987).

Table 1: Mean squares of 30 genotypes of wheat for excised-leaf water loss at different stages of
plant growth under irrigated (E;) and drought stress (E; ) conditions

Character Stage Genotype (29)+ Error (58)+
E, E; E, E;

Excised leaf S 2945 141,67+ 1326 422
waer loss

5 60.15 27834% | 8191 18.09

s, 79.68 309.57 52.52 40294
Daysto 43720 | 25158% 12.80 989
heading
Grain yield/ 1167 0515 181 007
plant

+ Represents degrees of freedom.
“* Significant at 5% and 1% level of significance.
S1,S2and Sy refers to tillering, anthesis and grain-filling stages, respectively.



‘Table 2: Mean squares values of 30 genotypes for excised-leaf water loss, days of flowering,
grain yield and drought response index under irrigated (E, ) and/or drought stress (E; ) condi-

tions

Genotype Excised-leaf Days to 50% Grain yield per | Index of

water loss at flowering | plant drought

illering | anthesis

E: E E E E, E_| (OR)
WH 147 760 | 716 | 820 | 750 | 170 | 63 17
WH 147(U) 741 | 681 | 843 | 740 | 183 | 69 20
Lok | 730 | 689 | 917 | 840 | 158 | 43 03
Lok I(U) 729 | 723 | 850 | 791 123 | 46 0.9
WH 157 822 | 779 | 951 | 80 | 163 | 50 05
Kharchia 65 736 | 623 | 1000 | 889 | 114 | 55 26
HW2001 875 | 810 | 929 | 843 | 115 | 16 18
CPANI992 851 | 822 | 1003 | 800 | 186 | 37 07
€306 730 | 633 | 1047 | %90 | 126 | 70 39
K68 834 | 813 | 177 | 921 | 137 | 10 2.1
WH 331 751 | 730 | 1067 | 849 | 112 | 29 01
WH 533 732 | 680 | 1093 | 830 | 169 | 26 14
Hindi 62 725 | 640 | 1163 | 930 | 139 | 34 02
PBW 65 842 | 801 | 993 | 81 | 175 | 38 06
WL 410 80 | 780 | 1050 | 833 | 175 | 38 06
WL 1562 760 | 639 | 11 | 828 | 167 | a4 0.1
Kundan 625 | 801 | 1160 | 847 | 109 | 30 02
HPW (DL) 785 | 791 | w021 | 830 | 16 | 37 o1
VL#21 741 | 619 | 1060 | 883 96 32 07
HD 2329 89 | 689 | 899 | 760 | 181 | 40 08
HD2329(U) 870 | 792 | 900 | 757 | 201 | a8 02
HPW 42 821 | 670 | 861 | 743 | 194 | 45 05
HS 295 801 | 810 | 117 | 823 | 145 | 25 B
HPW 56 861 | 800 | 1097 | 840 9.4 30 04
CPAN 3004 832 | 831 | 1073 | 857 | 123 19 10
HPW 65 740 | 650 | 1143 | 877 | 185 16 12
RLG___* 791 | 6712 | 167 | 817 | 225 | 51 02
RL7 715 | 659 | 1250 | 857 | 102 | 26 )
RL 68 82 | 610 | 1250 | 840 | 12 | 23 10
RL84 778 | 711 | 1103 | 830 | 124 | 30 01
Mean 783 | 722 | 1037 | w43 | 150 | 37 00
SE(m) 51 42 60 43 37 16 02

SE() 12 13 22 1.29 06 03

i""‘.:“"-‘”" corclations | yges [ 0420 | 020 | 002 | 023 [osme| 100

» %% Significant at 5% and 1% level of significance respectively
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The comparison of mean values of the genotypes for excised- leaf water loss at tillering
== anthesis stages of plant growth (Table 2) indicated that only two genotypes, viz., C
306 and RL 7 were significantly lower in water loss than overall mean values at both
szazes. The other entries which has lower water loss than overall mean at either of the
zrowth stages were Lok 1, Kharchia 65, Hindi 62, WL 1562, Kundan, VL 4, HPW 42,
HP 65, RL 6 and RL 68. Majority of these genotypes are already well known sources of
&rought resistance in India (Beww er al., 1992; Duanpba et al., 1995). This suggested that
excised-leaf water loss could be an important component for selecting genotypes under
drought stress conditions.

The overall mean values of excised-leaf water loss were higher a tillering (78 £ 1.2)
than at anthesis stage (72.2  1.3). This may be attributed to either high succulence at
ullering or better retention of water at anthesis due to full development of leaves and
=xpression of drought related characters at anthesis. The significant negative correla-
wons of drought response index (DR 1) with excised leaf water loss at tillering (-0.48%)
2nd at anthesis stage (-0.42*) further confirmed that the genotypes having lower water
loss contributed to the drought resistance (CLARKE et al., 1987; WINTER ef al., 1988). In
order to nullify the antogenic effects and yield potential from the DRI the effects of
these variables were reduced by multiple regression techniques as suggested by Bid-
inger er al., (1987). The non-significant correlations of DR1 with days to 50% flowering
under both conditions and with grain yield under irrigated conditions further confirmed
that DRI was free from ontogenic effects as well as the increased yield due to irrigation.
The significant positive correlation of DRI with grain yield under drought stress condi-
tions revealed that high yield under drought stress conditions was due to drought resis-
tance rather than yield potential. Thus, it may be concluded that the genotypes for ex-
cised-leaf water loss had sufficient genelic variability particularly under drought stress
conditions. The dif for d-leaf water loss were di at later stages
i.e. grain filling stage of plant growth. Therefore excised-leaf water loss could be util-
ised as an effective parameter for drought resistance in this set of material.

4 Der Wasserverlust des Blattes als ein einfaches Selektionskriterium fiir die
Trockenheitsresistenz bei Weizen

Zusammenfassung

Der Wasserverlust von i it von 30 Wei wurde unter
beregneten und trocken Bedingungen getestet und in Beziehung gesetzt zu Feldertri-
gen. Der Wasserverlust stellte sich als Indikator fiir die Trockenheitsresistenz bei gene-
tisch unterschiedlichem Material dar, besonders gut beim Schossen und bei der Bliite
der Pflanze. Der Index fiir die Trockenheitsresistenz zeigte eine stirkere Relation bei
‘Wasserverlust unter Trockenheit, die zeigte, daB Varietiten mit weniger Wasserverlust
auch resistenter waren. Die Varietdten C 306 und RL 7 hatten weniger Wasserverlust
sowohl beim Schossen, als auch bei der Bliite und hatten einen hohen Ertrag unter
trockenen Bedingungen.
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