pak.J.Bot., 29(2): 337-346, 1997

USKE { {
%‘I;l?‘l‘glf PHOTOSYNTHESIS AND WATER-USE-
EII‘)ICY IN BREEDING WHEAT FOR
ROUGHT RESISTANCE

TANWIR AHMAD MALIK AND DAVID WRIGHT"

o Plant Breeding and Genetics,
University of Agriculture, Faisalabad, Pakistan.

Abstract

A series of experiments were conducted in pot and lysimeter conditions to evaluate net photosynthesis
and water-use-efficiency as breeding criteria for drought resistance. Six drought resistant and 6 drought
susceptible genotypes were used. Net photosynthesis decreased under drought which was caused mainly by
non stomatal factors. Genotypes with the same stomatal conductance had different net photosynthesis under
drought suggesting that genotypes with high water-use-efficiency can be uilored. Measurement of net
photosynthesis and water-use-efficiency can thus be used as breeding criteria for drought resistance.

Introduction

Higher net photosynthesis (Pn) and water-use-efficiency (WUE) under drought

«tress have been reported as indicator for drought resistance in wheat (Dedio et al.,
1976: Ritchie er al., 1990; Castonguay & Markhart, 1992; Johnson et al., 1993).

However, in earlier studies a few genotypes wetrt compared for these traits. In the

present study 12 genotypes with the same phenological development Were used. Six of
these genotypes were drought resistant (Pk81, Br83, Lu26S, High-ABAL, High-ABA6

and High-ABA21) and six were drought susceptible (Pb83, Fd85, Fd83, Low-ABAS,
Low-ABA18 and Low-ABA21) classified on the basis of grain yield under drought

observed in field and controlled condition experiments. A series of experiments were

conducted under lysimeter and pot conditions to study the effect of drought stress on the
t and susceptible genotypes for the traits and to

raits, the response of drought resistan . s
0 be used as drought resistance indicator to

asses the possibility of these (raits . .
differentiate a large number of wheat genotypes or segregating populations at an early

seedling stage.
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optimum moisture and nutrition until the 5th leaf was fully expanded. At 48 days after
sowing (DAS) gas exchange measurements using infra red gas analysis system (model
LCAZ) were started on the 5th leaf. This instrument gives measurement of net
photosynthesis, transpiration, stomatal conductance and sub-stomatal CO2 In a single
reading. Irrigation was withheld in 32 pots to develop drought stress and continued in
the other 32 pots but without further nutrition. The moisture content of the soil in the
pots was monitored by the filter paper method given by Fawcett & Collis-George
(1967). Soil moisture was kept the same in all the pots by adding water in more stressed
pots to keep a uniform rate of stress development in the genotypes. When the soil water
potential reached -0.7 MPa the second measurement was made. The third measurement
was made when the moisture potential of the soil approached -1.2 MPa. Twelve plants
from each of the genotype were measured.

Experiment 2 was also conducted in a glasshouse. Plants were grown in 12 c¢m
plastic pots filled with 1500 g of air dry sandy loam soil. Six seeds were planted in each
pot and at the 3rd leaf stage four healthy seedlings were left in each pot. There were 48
pots divided into four blocks with four pots for each of the genotypes. Seedlings were
grown under optimum irrigation and nutrition. When the 4th leaf was fully expanded
gas exchange measurement of the 4th leaf was made by the method as in experiment 1.
Water application was withheld and drought was allowed to develop. The moisture
content of the soil in the pots was monitored as in Experiment 1. Five days after
withholding water when the soil moisture potential approached -1.2 MPa measurements
were taken again.

Experiment 3 was carried out in 1.5 m’ lysimeters filled with sand. Seeds were
sown with 9cm distance between rows and 7 cm between plants. Three seeds were
sown at each position and at the 3rd leaf stage only one plant was retained. There were
8 blocks and 10 plants of each of the 12 genotypes in each block. One non-experimental
row of plants was sown on each side of the block. Optimum irrigation and nutrients
were supplied. When the first signs of anthesis appeared. Irrigation was stopped in 4 of

moisture in the sand. In the other 4 blocks irrigation was continued but without any
additional nutrient supply. However, excessive irrigation was avolded to check washing
out nutrients from the sand. The moisture potential of the sand in the stressed blocks
was monitored by the method as in experiment 1. When the moisture potential of the
sand approached 12 MPa gas exchange parameters on flag leaf were made by the

calculated from the data of net photosyntheis and transpiration as follows:-
Water-use-efficiency (WUE) = Net photosynthesis/TranSpiration

Results
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Table 1. Net photosyntheis (Pn, pmol Cozm'zs"), reduction (red.) in Pn due to drought,

traszsé);::;:g?a:%om?gzl m-zs-n)’ St(:matal conductance (Gs, mol m'ZS'l),
mmol Co_/mol H (,)umol mol™) and water-use-efficiency (WUE,
y ,) of 8 genotypes at the 5th leaf stage under
well-watered and drought stress (Experiment I).

e —

Genotype Pn

Red.in E Gs Ci WUE
WW DS Pn(%) WW DS WW DS WW DS WW DS
48 days after sowing (water was with held from the stressed plants on this day)

(R) Pk 81 154 161 45 109 114 0779 0.763 2686 2678 14 1.4
(R) Lu26S 137 135 1.5 108 11.0 0759 0.739 263.7 261.6 13 1.2
(S) Pb85 143 143 0.0 13610 13.0: :0.797.1 0:809 264.5 262.7 <1il#:+15]
(S) Fd83 190 3133 22 12:7°.G12.2F.2.0.784% . 0.766° . 265.6: 1265.1:% 111k »1%]
(R) High-ABAO  i°14.6" 154 <550 11U8%911.97 607328 0729 271507 £269.2" 1i2¢ 13
(R) High-ABA21 "* 10.2" ~ 16.1 - -5.9+-12.0"-12.0 =" 0.772"-0763%—268.4 —266.8~--1:3:-1.3
(S) Low-ABAG 9.1 .13 1.4 12.77%12.8 - 0.804* 0.817- 269.2 268.9 1:11:yl:)
(S) Low-ABAI18 13.5 126 6.7 11.2%%10.9 - - 0.789% 0:7675 -272.5¢ 277.8> 1:2% 1.2
Mean 1435 144 0.5 12.0°%11.9  0.7774 0470 267:9% 267.5° 1.2y a51:2
Drought (D) NS NS NS NS NS

GXx1 NS NS NS NS NS
Genotype . s " NS s

effects (G)

LSD (0.05) 1.4 1.2 0.039 0.27

51 days after sowing (mild drought)
(R) Pk81 16.2 1:9:3 42:6::;:11:551n4.1 0.731 51502434 1267.6:12278.21T 1.4 123
(R) Lu26S 13:6 8] 40.4 11.1 6.0 0.719 £ 0.223:15:263:7;11 280.1;;(3:152 & 1:4
(S) Pb85 14i7::29:1 6534 1:13:9.7,26.0 0.786::10.261#264.0 72 280.3 1%:1:1:71, 0.9
(S) Fd83 13:15526.5 50.45:212.8755.6 0.73811:0310 23i265:3:11:286.7 & 1.0:/71:2
(R) High-ABA6 18:6.::7:S §1.9.::12:155:4:2 0666 1.:024671:270:7%11275.8::11.3;1711:8
(R) High-ABA21  15.7 g 3 47.1 2.2:5715.0 0.7267 102117526527 ¢ 219972 1:31 1.7
(S) Low-ABA6 130 .:6.8 §1i1:5:12:915:5:9 0:796+.0:342  §1%270:1::11284:8 *1:17:51:2
(S) Low-ABA18. - 12.7:.: 5.2 £0:{+4i11:35°10.) 0:769:: 0.346::51274.1:-288.1i:¢1:125-0.9
Mean 144" 7:] 51 0 <1292 74 0.741 50:273'F 12677 7:1282:2% T1:2:v51:4
o * % * ¥ K

Drought (D) 1oxg & 0 NS e

GxD 4 =% e NS * %
Genotype %
effects (Q) [ ] 0.054 0.22
LSD (0.05) )7 ) LI
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Table 1 (Cont'd)
Genotype Pn Red.In E
WW DS Pn(%) WW DS WW DS wWWwW DS WW DS
53 days after sowing (severe drought)

(R) Pk81 16.8 4.7 120 12115 3:9 07145 0178 = 2704 282.4 1.4 1.3
(R) Lu268 148 4.2 716 11:3 = 4.5 0702% 017082653 " 265:0 - 1.5 - 1.0
(S) Pb85 15:7:%:.2.1 86.6 13.7 4.9 0:747.: 10,196 /1:268.4:::289.1 > 1.2 0.4
(S) Fd&3 14.1 2.6 81°6 13:1"" 4.1 0:718=7°0:1987% =268.8 ::290.8: 71:1" -0.6
(R) High-ABA6 16.2 4.1 410k 120517 307 0.683:! 0191 «271i8= 281,/ 1.3 ‘*1}]
(R) High-ABA21 16.3 4.3 1304125 14,1 0.708:i 0.142:> 269:7 :'284.0" 1.3 5211
(S) Low-ABA6 14.9  '3.5 16:50:1352: 54 4.9 0:832:1:0.205::270:9 . *290.0. #=1.1"  £0.8
(S) Low-ABA18 132 23 82:64 117 :1:9.1 07181 0215 2 273:2: M00.6: 1.1 £0:5
Mean 15:3 " 1139 17:4() °12:6 1:4.3 0.728"' 0.187:269.9  ¢289.0  1:2: 0.9
Drought (D) ok ok s’k * %k * K

GxD %k ok * K NS A
Genotype %k ¥ Kok NS *%

effects (G)

LSD (0.05) for 1.4 0.9 0.046 021

genotype

(R), drought resistant; (S), drought susceptible, (ww) well-watered, (DS) drought stress
¥, P <(0.05); **, P<(0.01), NS, not significant.

lower) except for yield under well-watered conditions (Table 4). In experiment 1 plants
under well-watered and drought stress treatments were maintained and measured at the
same time. The interaction between genotype and drought was significant (51 DAS &
53 DAS, Table 1). In experiment 3 the drought stressed and well-watered blocks were
not randomized to avoid seepage from the well-watered blocks to the stressed blocks. In

of gas exchange measurements in experiment
in experimet 3 are given in Table 3.
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1‘abl§ rZ(JUIZlC\t ptl;gtlosy.nth.ens (P, pmol CO m’S™), reduction in Pn under
G ’ ‘Sl?zlr‘flltlm\ (K, mmol m'2§"), stomatal conductance
Sy mol m™S™), substomatal CO (Ci, pmol mol™) and
water-use-efficiency (WUE, m niol CO_/mol H_O) of
12 genotypes at the 4th leaf stage uilder well-
watered and drought stress is experiment 2)

—————————
e —

Genotype Pn Red.in E Gs Ci WUE
WW DS Pn(%)WW DS WW DS WwW DS WW DS
(R) Pk81 17.3: 49 1157 €12:3:.. 34 0856 :0.162 :282.4.:2884 14 1.4
(R) Br83' 19.7° 336 Tl 5134 383 0.835 1.0:168 $282.1:.£295.3 1.2 1#1
(R) Lu26S 148 4.4 10:3 ¥11.3 37 0824 30156 £275.3:%292.8 . 113 1.2
(S) Pb85 15:3! 3.3 784 147 4.3 0.928 §0:188 4286.6. #2953 1.0 0.8
(S) Fd&35 14.8 2.7 81.8 139 40 0863 10:182 ©277.2),1303.6 1.1 0.7
(S) Fd83 14.7::3.9 135 W13.0: 34 0875 20193 $280.7:5296.2" 1.1 1.1

(R) High-ABA1 168 47 720 13.0 357 0.851 10:138 '+285.4. %290.2 123355123
(R) High-ABA6  15.9 4.l 742 1139 33% 0:782 ©0:175 283.8:.£287.5 F411 1.2
(R) High-ABA21 16.1 4.8 702 137 367 0.834 90.114 £281.3-7292.3 1:2 21513

(S) Low-ABAG 1528 §42 €124 %144 421 0952 01203 5£283.5.5296.15881510m 120
(S) Low-ABA18  14.2 3.7 739 11.8 4.6 0923 0216 2915 306:5; #£1i2:0.0:8
(S) Low-ABA21 13.4 3.1 69 142 44. 08383 :0.213 287.3::41304.3%4410.94.0.1

Mean 154 40 744 133 38 0869 0.176 2830 2957 1.2 1.1

Genotype b e i s e NS NS kKX

effects

LSD (0.05) 21 1.0 12 0.8 0.09 0.034 0.12 0.14

(R). drought resistant; (S), drought susceptible, (WW) well-watered, (DS) drought stress

¥ P <(0.05); **, P<(0.01), NS. not significant.

light intensity when the measurements Werc made. Pn and WUE under drought were

: he drought susceptible
: ht resistant penotypes compareq .to t, FOug , P
Ezﬁgigi lgggleixfgérdvizﬁ%watered and drought Stress conditions in all the experiments.

Transpiration rate and stomatal conductance Were oenerally lower for the drought

| th the treatments. . |
resm;;ml gerr:[O‘:fI;zit:gdzlrl b;as exchange parameters and WUE in all the experiments
roug

(Table 1, 2 & 3). Pn decreased under drought SUTESS in all exp§r1rgents, Stgmgta\
ddc ’ iso decreased under drought with a parallel reduction in transpiration
conductance was ais reas

rate. Average WUE of all the
experiment 1 (51 DAS, Table )
similar decrease in WUE W&

enotypes Was increased under mild drought stress in
gbut was decreased under severe drought (53 DAS). A
der drought in experiments 2 & 3,

1150 observed un
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2
Table 3. Net photosyntheis (Pn, pmol COzm §™), reduction in Pn under
drought, transplratlon (E, mmol m™S™), stomatal conductance
(Gs, mol m”S™), substomatal CO, (Ci, pmol mol ') and
water-use-efficiency (WUE, m mol CO /mol H O) of
12 genotypes at flag leaf stage under well- watered
and drought stress is experiment 3)

Genotype Pn Red.in E Gs Ci WUE

wWW DS Pn(%) WW DS WWwW DS WWwW DS WW DS
(R) Pk81 14.4. 3.6 0 @ll.) 34 0890 10108 v285.4%.2289.1 1.3 %412
(R) Br83 13,2124 g8 1l 2.9 U.882  10.1/4 6284,/ “295.4 1.1 :10.8
(R) Lu26S 14.41::3.3 13:9-710.1F 3.8 0,829 *0:161 +279.2¢ 22946 1:2::10.9
(S) Pb8S 13.13:5¢1.6 8718 13:7. :3.90.976 0.194  283.4295.5 004
(S) Fd85 11.9.:7:0.9 9214 ¢12.6:2:36 0.893  #0.187.1288.4%.2297.6 0.9:%:0.3
(S) Fd83 12.2+v2.0 83:6.:€12.7.-° 33 0.911 20.199 = €283.6" £298.4 1.0"%0.6
(R) High-ABA1 14.2: -:3.4 76:1:-:511.9.°:3.0 0.890  10:156 - 7287.87% <293.7i #:1:2:::1.1
(R) High-ABA6 13.3 2.6 0015 612.5: 2.9 0.821 10:181 - '1287.6” <289.1*##1:1:=i1.0
(R) High-ABA21 134 3.5 1319:812.5-39 U.872 501128 284,57 32942 »*1:1:.: 1.1
(S) Low-ABA6 124 22 823 133 37 0988 0203 2863 29972 099 0
(S) Low-ABAI8 114 1.9 833 109 4.0 0975 0211 2917 3014 10 0.5
(S) Low-ABA21 105 1.2 83.6 132 4.0 0921 0213 2894 3032 08 03
Mean 12.7: 24 © 815 122 34° 0904 0.181 2860 2958 1.1 07
Genotype . g i k %ok % NS NS % ok
effects
LSD (0.05) 1.4 1.6 1.2 0.6 0.081 0.032 0:2---10.2

(R), drought resistant; (S), drought susceptible, (Www) well-watered
*, P <(0.05); **, P<(0.01), NS, not significant,

, (DS) drought stress




NET PHOTOSYNTHESIS Q
'HESIS AND WATER USE EFFICIENCY FOR DROUGHT RESISTANCE 343

'l.fb(;e 4t Comparison of 12 genotypes for grain yield (g per plant), % yield
reduction under .drought compared to well-watered conditions, grain per
splke: grain weight (g/100 seeds), tillers per plant and plant
height (cm) in lysimeters under well-watered (WW) &
drought stress (DS) conditions in Experiment 3).

e . Redin  E Gs Ci WUE
WW DS Pn(%) WW DS WW DS ww DS ww DS

(R) Pk81 13.5 9.9°01126.7: 60.1 !/5814:193192 " 312 % 6.5 164" ' 852 8l
(R) Br83 1.8 1821 hgosl~83igrusyle. 1 ialgy ngiisialeyticii88 1 864 *83.2
(R) Lu26S 13.6 9.6 294 488 463 493 38 68 67 924 50.
(S) Pb&S 1376877 150:4" 52,497 462 253119 E0e 1178142 '7i§.04{177.3°74.0
(S) Fd8S 12.2:027764 14379 higglaliiarssls 3i8172aE2 761CRTIS T 4179.2.5-° 176.8 -173.6
(S) Fd83 11567 56,9 {£40.5"1144'9% 7403 140318142831 DIT2 169 'Y 71.3:-68.1

(R) High-ABA1 103 79 233 502 4738 3.56°% ¥2:01 6.8 6.7 12.87069:0
(R) High-ABA6  12.5 7.8 37.6 +58.7-%'56.2-" 3:52=1 2:81 152 6.9 679 64.3
(R) High-ABA21 10.1 7.7 3.8+ 52 3% :49.27<1:3142 =21 6.8 6.4 72.0 69.3

(S) Low-ABA®6 19 6% 5.4 K587.141°50:4155013¢~ 3,30 19=2:26"+ 1573 6.4 To5] R 1=l
(S) Low-ABA18 11.4 5.6 50°95. 7493V 425 413,48 ¥ 43 e (] 6.5 T1:2 %141
(S) Low-ABA21 10.2 3.5 461442534 "147 .673.69 «4- 201 6.7 5.7 81:1%19.2

Mean 12:0%%+7.4 3784 52 5%+ 48.1 3.74 21 151 6.6 78.0 74.8
GCHOIVpC NS ¥k ¥ ¥ * ¥ * K £ 3 B * * ¥ * %k
effects

LSD (0.05) B, §.4:3%54 053703 0.3 1.0 0.9 511130

(R), drought resistant; (S), drought susceptible, (WW) well-watered, (DS) drought stress
spEei):05); "7, P<(0.01), NS, not significant.

between grain yield and WUE under drought. This correlation 1s based on the average

orain yield/plant 1n experimen
genotypes in experiments 2 & 3.
P < 0.01) between Pn of |eaf
significant positive COTTC
leaf under drought.

t 3. and average Pn and WUE values of the same
There was a significant positive correlation (r = 0.96,
4 and flag leaf under drought. There was also a
lation (r = 0.97, P < 0.01) between WUE of leaf 4 and flag
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Discussion

The results of the present study support some of the earlier findings that increased
stomatal resistance may not have the primary effect on Pn at least under moderate
drought stress (Farquar & Sharkey, 1982; Cornic et al., 1983; Krieg & Hutmacher,
1986; Marco et al., 1988). WUE was increased under mild drought but was decreased
under severe drought (Table 1, 2 & 3). It implies that transpiration is decreased (as a
result of decrease in stomatal conductance) more compared to the decrease in Pn.
However, the responses of the genotypes varied. Some drought susceptible genotypes
(Pb85 and Low-ABA18) showed decreased WUE even under mild drought whereas,
some drought resistant genotypes (Pk81, High-ABA1 and High-ABA21) had higher
WUE even under severe drought stress. These results suggest that drought may affect
photosynthesis through a direct effect on photosynthetic tissues and that intra-specific
genetic variability exists in the genotypes for sensitivity of photosynthetic tissue under
drought stress. This variability might be at a thylakoid level. Inherent differences in the
sensitivity of the thylakoid membranes to low water potential have been found in earlier
studies (Matthew & Boyer, 1984; Quartacci et al., 1995). The differences in Pn
between genotypes in the present study under drought can be explained on the basis of
an effect on chloroplast activity rather than an effect on CO, supply to the mesophyll
cells (Farquar & Sharkey, 1982; Peterson, 1985; Castonguay & Markhart, 1992).
Higher osmotic adjustment (manuscript in preparation) might have contributed in
acclimation of photosynthesis under drought (Downton, 1983).

The results of the present study corroborate the findings of Marco er al., (1988)
which suggest that CO2 supply to mesophyll cells is not a limiting factor in
photosynthesis under drought. This suggests that reduced stomatal conductance may not
be the only cause in reducing the assimilation rate in drought stressed plants (Redshaw
& Meidner, 1972). The drought resistant genotypes in the present study had higher Pn
than the susceptible genotypes under drought conditions. However, there were no
differences between the genotypes in sub-stomatal CO,. The drought resistant
genotypes had higher Pn inspite of having lower conductance (Table 1, 2 & 3). This
shows that the availability of CO, to the mesophyll cells was not a factor [1miting
photosynthesis in the drought susceptible genotypes. Instead the limiting factor was the
inability of mgsophyll cells to assimilate COz. This is also evident from the fact that
dr.ought Stress mcreased. sub-stomaFal C(.)2 and the increase was higher in the genotypes
wn.h .lov.v Pn. Non linear .relatlonsh.lps between stomatal conductance and CO,
assimilation have been found in an earlier study (Farquar & Sharkey, 1982). Similarly

Pettigrew & Meredith (1994) have reported differences between genotypes in CO
assimilation at the same stomatal conductance. 2

The significant positive correlation observed between Pn and
drought stress in the present study corroborate the results of Kaul (19
that the relative yield performance of wheat cultivars under drought

grain yield under
74) which suggest
may be predictable

from the Pn of their leaves. In the present studies Pn of 4th ang flag leaves unde
drought stress were correlated. This implies that selection of genotypes for higher P

can be performed at early seedling stages. Similar results have been found by Krieg &
Hutmacher (1986).
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Cmrc\l\;hj fnotf) :l::’)ught resistant genotypes was higher and there was a significant positive
= -°igrain yield and WUE under drought in the present study. This
;‘L:pporls ;hc earl.ler results of Blum er el. (1983) and Castonguay & Markhart (1992).
[r;,c]s Ii]rcaclionl? INcrease .carbo.n assimilation without a concomitant increase in
‘ p al water loss is obvious for most of our current crop species and productive
Sysi€ms (Krieg & Hutmacher, 1986). In wheat, genetic variation in WUE has been
attributable lo. variation in both stomatal conductance and photosynthetic capacity
(Copdon & Richard, 1993). However, the results of the present study and that of
Pettigrew & Meredith (1994) suggest that Pn of genotypes may be different at the same
stomatal conductance. So it is possible to select genotypes with increased WUE
(Castonguay & Markhart, 1992).
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