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Effect of water deficit at reproductive stage on leaf gas exchange in Thai
rice varieties
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ABSTRACT: Water deficit affects physiological responses and yield of rice. The objectives of this study were 1) to
investigate effects of water deficit on leaf gas exchange, biomass, and yield at reproductive stage, and 2) to evaluate
drought tolerance among rice varieties and investigate the physiological traits related to a rice tolerance. The
experimental design was a split plot in a randomized complete block design. The main plot consisted of three water
conditions: control (CT), moderate water deficit (MWD), and severe water deficit (SWD). The sub plots were six
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varieties of rice: KDML105, JHN, Riceberry, Sinlek, IR20, and DH212. The soil moisture and leaf water potentials were
measured. Leaf gas exchange, biomass, and yield of rice were collected. The results showed that the water deficit
reduced soil moisture and water status in plants. The stomata conductance (g,), light-adapted quantum efficiency
of PSII (DPSIN) and electron transport rate (ETR) were reduced while the intercellular CO, concentration (C) and leaf
temperature (Tleaf) were increase under water deficit resulting in high reduction in net photosynthetic rate (P,), and
transpiration rate (E). Moreover, the water deficit also decreased biomass and yield in all rice varieties. As a result,
JHN and Riceberry were high tolerance to water deficit, KDOML105 and Sinlek were quite susceptible to water deficit.
In addition, the yield significantly correlated with P,, E, and g, which had high positive correlation as 0.82**, 0.83*%,
and 0.84** respectively. It suggests that those parameters can be used as an index to evaluate the drought tolerance
of rice.

Keywords: water deficit; leaf gas exchange; leaf water potentials; biomass; yield
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Figure 1 Average percentage of soil moisture under control (CT), moderate water deficit (MWD) and severe water

deficit (SWD) during 0 to 20 days after treatment. The error bars represent + SE
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Table 1 Leaf water potential at predawn under control (CT), moderate water deficit (MWD) and severe water deficit

(SWD) at 1 to 10 days after treatment of six rice varieties

Leaf water potential at predawn

Treatment
1 DAT 3 DAT 5 DAT 8 DAT 10 DAT 10 DAR
Water regime
cT -7122 A -7129 A -104 -110 A -100 A -87.5
MWD -355 B -1,370 B -244 -1,165 B -498 B -91.7
SWD -1,286 C -3,553  C NA NA NA -87.5
F-test ** ** ns *x * ns
Varieties
KDML105 -1,246  d -2,071 b -131 -831 -369  ab -83.3
JHN -571  bc -1,471 a -150 -681 -175  a -91.7
Riceberry -206 a -1,300 a -131 -456 -150 a -87.5
Sinlek -319  ab -1,747  ab -163 -450 -329  ab -87.5
IR20 -660 C -1,722  ab -300 -781 -528 b -91.7
DH212 -290 ab -1,679  ab -169 -625 -244 a3 -91.7
F-test ** * ns ns * ns

Water regime x Varieties

F-test ** ns ns ns ns ns
CVa (%) -43.7 -26.3 115 -47.9 -100 -49.0
CV b (%) -66.4 37.8 100 -76.5 -81.5 -31.6

Mean -571 1,665 174 -638 -299 -88.9

Means with different uppercase denote significant difference between the three water conditions; different lowercase denote significant
difference among rice varieties under the same conditions; *, ** indicates significant difference among varieties at P<0.05 and P<0.01,

respectively and ns indicates not significant difference. DAT; day after treatment, DAR; day after recovery.
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Figure 2 Parameters of leaf gas exchange: (a) net photosynthetic rate (P,); (b) transpiration rate (E); (c) stomatal

conductance (g,); (d) intercellular CO, concentration (C); (e) light-adapted quantum efficiency of PSII
(®PSIN); (f) electron transpiration rate (ETR); (g) leaf temperature (Tleaf); (h) water use efficiency (WUE)
under control (CT), moderate water deficit (MWD) and severe water deficit (SWD) at 1, 3, 5, 8, 10 day after
treatment (DAT) and 10 day after recovery (DAR). The error bars represent + SE
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Table 2 Net photosynthetic rate (P,), transpiration rate (E), stomatal conductance (g,), intercellular CO, concentration (Ci), light-adapted quantum efficiency of PSII

Varieties P, (umolCO,/m?%/s ) E (mmolH,0/m?%/s) g, (mmolH,0/m?%/s) C; (umolCO,/m?/s)
CcT MWD SWD CcT MWD SWD cT MWD SWD cT MWD SWD

KDML105 21.7 156 b -0.40 b 7.13 458 bc 0.93 bc 442 b 249 bc 36.6 bc 295 b 259 406 a
JHN 28.0 231 a 380 a 8.90 720 a 1.40 ab 638 ab 437  a 570 ab 311 ab 290 2719 b
Riceberry 24.8 200 a 003 b 9.33 6.13 ab 0.70 ¢ 496 b 325 ab 295 ¢ 290 b 243 409 a
Sinlek 19.6 139 b -043 b 7.35 370 c 148 a 525 b 182 ¢ 60.7 a 317 a 258 387 a
IR20 23.2 148 b -0.38 b 8.75 403 c 1.13  abc 778 a 189 ¢ 474  abc 330 a 252 400 a
DH212 20.2 129 b 1.65 ab 7.40 433 ¢ 143  ab 458 b 172 ¢ 599 a 291 b 259 342 ab
F-test ns % % ns o * * *x * *x ns *x
CV (%) 19.7 15.7 213 16.0 20.9 30.5 257 32.3 30.3 45 8.3 12.8
Mean 230 A 166 B 071 C 8.14 A 494 B 1.18 C 556 A 256 B 485 C 306 B 260 C 371 A

. (O] ETR (pmole/m?/s) Tleaf (°C) WUE (umolCO,/mmolH,0)
Varieties CcT MWD SWD CcT MWD SWD cT MWD SWD cT MWD SWD
KDML105 0.20 0.15 0.00 132 102 19.9 319 ab 331 bc 34.6 3.10 3.80 -0.63 b
JHN 0.23 0.20 0.08 147 119 54.7 30.8 bc 323 ¢ 34.4 3.13 3.23 260 a
Riceberry 0.23 0.20 0.10 155 146 23.0 330 a 346 a 34.2 2.70 3.23 005 b
Sinlek 0.18 0.18 0.00 119 105 22.9 314 bc 333  abc 34.2 2.68 3.75 -0.30 b
IR20 0.20 0.18 0.08 121 101 32.4 302 ¢ 335 abc 34.3 2.65 3.78 -0.50 b
DH212 0.18 0.13 0.10 127 110 40.9 30.8 bc 340 ab 34.3 2.70 3.05 1.20 ab
F-test ns ns ns ns ns ns * * ns ns ns *
CV (%) 27.8 26.0 99.0 19.6 14.7 64.8 3.41 2.39 1.33 15.5 13.2 307
Mean 020 A 0.17 B 0.06 C 133 A 112 B 323 C 313 B 334 A 343 A 283 B 348 A 040 C

(@PSIN), electron transpiration rate (ETR), leaf temperature (Tleaf) and water use efficiency (WUE) of six rice varieties under control (CT), moderate water

deficit (MWD) and severe water deficit (SWD) at 3 days after treatment.
Means with different uppercase denote significant difference among the three water conditions; different lowercase denote significant difference among rice varieties under the same conditions;

¥ ** indicates significant difference among varieties at P<0.05 and P<0.01, respectively and ns indicates not significant difference.
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Table 3 Net photosynthetic rate (P,), transpiration rate (E), stomatal conductance (g,), intercellular CO, concentration (Ci), light-adapted quantum efficiency of PSI
(@PSIN), electron transpiration rate (ETR), leaf temperature (Tleaf) and water use efficiency (WUE) of six rice varieties under control (CT), moderate water

deficit (MWD) and severe water deficit (SWD) at 10 days after recovery.

Varieties P, (umolCO,/m?%/s ) E (mmolH,0/m?%s) g, (mmolH,0/m?%/s) C; (umolCO,/m?/s)
CcT MWD SWD cT MWD SWD CcT MWD SWD cT MWD SWD

KDML105 228 bc 106 ¢ 147 ¢ 763 b 313 b 320 e 469 c 166 e 163 ¢ 297 ¢ 279 d 237 e
JHN 287 a 127 ¢ 231 a 9.78 a 690 a 4.07 de 952 a 554 b 257 ¢ 326 b 345 a 234 e
Riceberry 225 bc 209 a 228 a 758 b 6.57 a 673 b 490  bc 401 d 406 b 302 ¢ 293 ¢ 281 ¢
Sinlek 214 ¢ 194 a 239 a 8.15 b 693 a 6.33  bc 628 b 424 d 415 b 323 b 302 ¢ 263 d
IR20 253 ab 170 b 146 c 103 a 6.10 a 520 cd 1,039 a 744 a 526 a 340 a 346 a 341  a
DH212 202 ¢ 194 a 182 b 740 b 6.73 a 8.43 a 458 ¢ 485 ¢ 532 a 321 b 313 b 322 b
F-test *x *x *x o * o *x o *x o *x o
CV (%) 11.0 6.96 7.87 9.28 17.8 15.0 14.4 6.71 15.8 2.76 2.28 4.06
Mean 235 A 168 C 196 B 8.48 A 6.09 B 585 B 673 A 464 B 392 C 318 A 313 A 280 B

. (O] ETR (umole/m?/s) Tleaf (°C) WUE (umolCO,/mmolH,0)
Varieties CcT MWD SWD cT MWD SWD CcT MWD SWD cT MWD SWD
KDML105 025 ab 0.20 0.20 155 103 ¢ 160 318 a 30.5 30.4 2.98 3.43 460 b
JHN 025 ab 0.20 0.20 160 148 a 153 30,1 ¢ 32.2 30.4 2.95 1.80 570 a
Riceberry 028 a 0.23 0.20 148 148 a 142 318 a 31.4 31.1 2.98 3.17 358 cd
Sinlek 0.20 bc 0.20 0.23 126 116  bc 163 307 b 31.6 30.6 2.70 2.90 3.83 bc
IR20 0.20 bc 0.20 0.20 131 123 b 114 297 ¢ 30.3 30.5 2.45 3.50 280 de
DH212 0.18 ¢ 0.20 0.18 127 130 b 101 308 b 30.7 30.8 2.70 2.90 218 e
F-test * ns ns ns ** ns ** ns ns ns ns x*
CV (%) 18.7 24.6 25.8 13.2 6.57 17.5 1.07 2.52 1.57 10.7 20.2 13.0
Mean 0.23 0.21 0.20 141 128 137 30.8 31.1 30.7 279 B 295 B 3.69 A

Means with different uppercase denote significant difference among the three water conditions; different lowercase denote significant difference among rice varieties under the same conditions;

¥, ** indicates significant difference among varieties at P<0.05 and P<0.01, respectively and ns indicates not significant difference.
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Andstin1snuuds (Drought tolerance index; DTI) Wdauanisnrumumusieaniizuintiivesdn a1nnsUssidy
A1 DTI sumeﬁ"nmﬂiéfamwsumﬁ’lﬂ’mma'mL.Laxﬁznmf’ra;mm Wu31 A1 DTl v09 P,, E, g, ®PSII, ETR ag WUE ﬁﬁﬂ'wqumm
IfienuannsalumsuudaldAniniusaiten DTI d1 uazen DTI a9 C uay Tleaf AfAwLansIdmLaunsolunsy
LLé’dlé}'ﬁﬂ’jwﬁuﬁ:ﬁﬁm DTl a9 MNN1SMAaRINUdn A1 DTI 984 P, kg WUE fidgeludnmnitug wansitimniugaiunsanu
wdslddluanmaraiuunans uiluanmiaiiguuseudn ifissiiugidmonda uay DH212 fianusonuudslda
(Figure 3a,h) A1 DTl 981 E dageludmmniugeniuludnamug IR20 wasdumnan LLaﬂuamwmmﬁﬁume DTI ansnas
fielndiAsafuludninnitug (Figure 3b) A DTI a4 g, fiA1galudnaiug KOML105 i vewda uazlsdiuess mudrdu
wanridanuansamudaldfluanmuainiunans luanmathsuussdniusduman way DH212 aunsonuudsldd

(Figure 3c) @1 DTl v84 G HAenludanniiug wansirtimniugaiunsanuuaslaluanimuininuiunans winudnfiies

Frugidvenlawintuiinuualaaluaninu1nuisuse (Figure 3d) A1 DTI ¥es OPSI ua ETR dengalnalAssiuludn
nnuguazluanmvinnguwseen DTl andiasdatlnalAgaiulutimniug (Figure 3e,f) uazen DTI vas Tleaf dAmnly

Frniug wanandrniuganunsovukalaluanimeininuiunge williitesdaiuglsduestuinuunaiunsanuwdalas

q q

luaninu1at1suwse (Figure 3g)
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415nalnNISNEUANDININESTING AL NSUSUAIRDANINLINR DULANATY TAgTNINE1UNTaNULASAraNnIsITMesaN

nsindasinsuanildsuniassaulu Ao d1augidivenda waz DH212 sesasndudaiuglsdiuess KDML105 wazdu

' '
a

wan deasiiulaindanneaeudvdnisnuuduvisdnyargaindiuasundnvazilndif ssiudamug nuud i ly

W3suiguagne DH212 wagnuind1iug IR20 Jadwiugseunesanisuiainden DTI s arnnanisnaassiuansliii

11 TnAnwlunisveaesiiidnwaenas inenfaunsanumusonuwiwddlademisuiuiugilssuiiey Fawenain

o

NI FuALIT189UNSIEAIRBT AU NUN LN DU TEATUANUNUNUADEN1ILVIAUIVBINUS TN U @I ULAL AT LY

]

uuniugimnIMunIuLargouLasaan1IeItIla (Hussain et al,, 2021)
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Figure 3 Drought tolerance index (DTI) of six rice varieties under moderate water deficit (MWD) and severe water
deficit (SWD) at 3 days after treatment: (a) DTI of net photosynthetic rate (P,); (b) transpiration rate (E); (c)
stomatal conductance (g,); (d) intercellular CO, concentration (C); (e) light-adapted quantum efficiency of
PSII (@PSID; (f) electron transpiration rate (ETR); (g) leaf temperature (Tleaf); (h) water use efficiency (WUE).

The error bars represent + SE
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Figure 4 Percentage change (% Change) of six rice varieties under moderate water deficit (MWD) and severe water
deficit (SWD) at harvesting stage: (a) % Change in shoot dry weight (SWD); (b) % Change in yield. The
error bars represent + SE
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Figure 5 Drought tolerance index (DTI) of six rice varieties under moderate water deficit (MWD) and severe water
deficit (SWD) at harvesting stage: (a) DTI of shoot dry weight; (b) DTl of yield. The error bars represent + SE
Table 4 Correlation coefficients (r) between shoot dry weight (SDW) and yield with leaf gas exchange parameters
(n=18)
Parameters P, E g G OPSII ETR Tiear WUE ¢
Sbw 044 ns 047 * 043 ns -034 ns 044 ns 048 * 042 ns 040 ns
Yield 082 ** 083 ** 084 ** -031 ns 079 * 075 ** -072 ** 050 *

ns; non-significant, *; significant for P<0.05, **; significant for P<0.01
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Table 5 Correlation coefficients (r) between drought tolerance index (DTI) of shoot dry weight (SDW) and yield

with leaf gas exchange parameters (n=12)

Parameters P, E g (@ OPSII ETR Tiear WUE, ¢
DTl of SDW 0.64 * 065 * 069 * -052 ns 052 ns 057 ns -055 ns 0.60 *
DTI of Yield 056 ns 051 ns 059 * -036 ns 057 ns 055 ns -048 ns 046 ns

ns; non-significant, *; significant for P<0.05, **; significant for P<0.01
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