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Relationship between leaf temperature and water status in
sorghum under drought stress

WANG Yi-tao, ZHOU Yu-fei, LI Feng-xian, SU Zhong, HAN Yi, GAO Ming-yue,
ZHANG Zhuang, XU Wen-juan, HUANG Rui-dong”
( College of Agronomy , Shenyang Agricultural University , Shenyang , Liaoning 110866, China )

Abstract: Based on the theory that leaf temperature could reflect the physiological characteristics such as water sta-
tus and stomata movement in plants under drought stress, the relationship between leaf temperature and moisture condition
in sorghum was studied for analyzing its response mechanism to drought resistance. With 4 sorghum varieties with differ-
ent drought-resistance as the test materials under pot cultivation, drought stress treatments were conducted at jointing
stage, flowering stage and filling stage, respectively, with normal irrigation as control. Leaf free water content, water loss
rate of cutting leaves and leaf relative water content were measured, and leaf temperature changes were recorded by in-
frared thermal imager after 7 days of drought stress. The results indicated that, under drought stress, the leaf water pa-
rameters such as free water content, bound water content, relative water content and water loss rate of cutting leaves
showed a declining trend at different growth stages of sorghum. The above parameters of Jiza305 (highly drought-resistant
variety) decreased significantly less than those of Jizal27 (highly drought-sensitive variety), while Jinzal06 (medium
drought-resistant variety) and Jinzal03 (drought-sensitive variety) performed in-between. Leaf temperature difference was
positively related with free water content and relative water content ( P <0.05) and negatively with bound water content
(P <0.01). Leaf temperature changes can reflect leaf water status, and leaf temperature difference can serve as an im-
portant indicator for screening of drought resistance in sorghum. Therefore, it is feasible to apply infrared thermal imager
technology for screening of drought resistance in sorghum.

Keywords: sorghum; drought stress; leaf temperature; leaf temperature difference; water status
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Table 1  Effect of drought stress on free water content and bound water content in leaves of sorghum cultivars
A H I it b3 B K/ % WAK/ % [SREiPI VKL VI
Growth stage Cultivar Treatment Free water content Bound water content Free water/bound water
CK 48.61 32.78 1.48:
2% 305 Jiza305 ! * !
DS 36.96d 29.99¢ 1.23b
CK 48.05ab 33.22 1.45
178106 Jinzal06 4 a
S h DS 37.62d 30.01c 1.25h
Jointing stage CK 46.98b 32.99a 1.42a
2% 103 Jinzal03
DS 33.56e 27.13d 1.24b
CK 45.36¢ 35.02 1.30b
AR 127 Jizal27 ¢ !
DS 30.58f 27.13d 1.13¢
CK 47.65¢ 32.66k 1.46¢
2% 305 Jiza305 ! ’ ‘
DS 35.77¢ 30.51¢ 1.17¢
CK 47.25ab 32.33b 1.46a
FiZ% 106 Jinzal06 .
FFAE DS 34.79¢d 30.03¢cd 1.16c
Flowering stage CK 46.01ab 32.61b 1.41a
2% 103 Jinzal03
DS 32.96de 28.96de 1.14¢
CK 44.97b 35.26a 1.28b
F % 127 Jizal27
DS 32.22e 28.5% 1.13¢
CK 45.45ab 33.56a 1.35ab
2% 305 Jiza305
DS 35.77d 30.02d 1.19¢
CK 46.25a 33.78a 1.37ab
2% 106 Jinzal06
A DS 34.62e 30.23cd 1.15¢d
Filling stage CK 44 .44h 31.61b 1.41a
) §12% 103 Jinzal03
DS 30.23g 27.52e 1.10d
CK 41.24¢ 31.27be 1.32b
Ak 127 Jizal27
DS 32.22f 26.83e 1.20c

T CK, 0 M DS, T ihid o [ — A a5 518 0.05 KFZFABE . T

Note: CK: control; DS: drought stress. The same letters within same columns indicate no significance at 0.05 level. The same as below.
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INH3.94% B 4% 106 B TFHIE R 4.33% , 7 4% 305
FERZR 106 A IR 4 T 8 E 23 (P <0.05), %
MR AP R RE S o TFAEI, & 2% 127 1Y Rt
F R 7K R T R R R K, B IR T T 8. 68%
PUBKRE S8 25 . HESRIN, 75 2% 305 MY B4 mt 2k
HGER T /N, R BT T 8.53% , 5 4% 127
THIEIRK N 9.61% . 75 4% 305 76 =~ B34 R
AT ABT K BE T, T A% 127 MBI K RE 134
LG
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Table 2 Effect of drought stress on water loss rate

of cutting leaves in sorghum cultivars

A H BT Growth stage

i REFR g RN O
Cultivar Treatment Jointing Flowering Filling
stage stage stage
CK 5.24d 5.44f 7.03e

2% 305 Jiza305
DS 5.45¢d 5.66e 7.63d
CK 5.36d 5.70e 6.93e

#2106 Jinzal06
DS 5.59¢ 5.95d 7.55d
CK 5.66¢ 6.04d 7.88c

2% 103 Jinzal03
DS 5.94b 6.52b 8.60b
CK 5.88b 6.24c 8.06¢

2% 127 Jizal27
DS 6.19a 6.78a 8.84a

X B Ko S T B A 7K A3 R 7 e T e
VLA 528 T, R K BE B T F M. $5953,
T 305 Y AH XS B K B B MR B IR, Ty 3.39% , i 2%
106 1) 7K 43 16 F1 =5 e 35 06 B /1N, R 63.96% o i 4k
305 FIERZ% 106 R X 7K 2 K 4010 Al 22 55
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Table 3 Effect of drought stress on relative water content

and water saturation deficit in sorghum cultivars

AR b okl
R .
AR SR WE ki B/
Growth . . .
A Cultivar Treatment Relative Water saturation
Stage water content deficit
CK 95.93a 4.07d
4% 305 Jiza305
DS 92.68¢ 7.32b
CK 94.91ab 5.09cd
s i H32% 106 Jinzal06
# DS 91.66¢ 8.34D
Jointing CK 94.16h 5.84
. . C
stage  ABJL 103 Jinzal03
DS 89.41d 10.59a
CK 94.38h 5.62¢
2% 127 Jizal27
DS 89.69d 10.31a
CK 95.55a 4.45d
2% 305 Jiza305
DS 92.51c 7.49h
CK 95.88a 4.12d
: HH2% 106 Jinzal06
UR(ZS DS 91.76¢ 8.24h
Flowering
CK 93.85h 6.15¢
stage F82% 103 Jinzal03
DS 88.99d 11.01a
CK 94.56ab 5.44cd
4R 127 Jizal27 ‘ }
DS 89.07d 10.93a
CK 95.45a 4.55¢
T 2% 305 Jiza305
DS 91.29h 8.71d
CK 95.43a 4.57e
o H3Z% 106 Jinzal06
HEHI) e DS 90.92b 9.08d
Filling
CK 90.27bc 9.73cd
stage  FiZ¢ 103 Jinzal03
DS 85.16d 14.84h
CK 89.50c 10.50¢
T2k 127 Jizal27
DS 83.62¢ 16.38a

2.4 FEBMEXWBRMFRENZNE

1 R IE LT AN RS AR Ti125 3148 1Y 75 4% 305
TS IR BAR I b RO ] B 6 43 AR SR A Y
TLEEAE, A R B 4390 Ry 1E 8 T K R T 52 0 38 Ak 2
A 305 MR L, W 5 T A2 A [R) 4 3 ] 25 5 B
o TR EET, m R AR T, MR 2E R K,
AR AR 0.83°C ~ 1.62°C, {H A
[Fi it Ao P 3L T oy i B AN ] (81 2) 0 4519 0T 3 %
127 MR 22 80/, 0.90°C, 75 2% 305 A IR 22 B
K, H1.46°C, EZ M 2ERFTE(P<0.05), Uil
TR a7 4% 305 AR MR P AE R A 7K 43 bR 50 2

WEHTER 127(P <0.05), 78 H &350 K P
Mo FFAEIITE 2% 305 MR 2K, 1.62°C, 75 2%
127 (%) il 22 Je /D, Lt 2% 305 FE IR 0. 83°C
(48.56% ), 225 BE (P <0.05), HERWI, 24 127
30 25 /0N, 75 2% 305 I 25 e K, 4351 R 1. 05C AN
1.58C. % 127 7€ =AM EF B A R 2228 4
24 0.90%C ~ 1.05°C, % 2% 305 4 1.46°C ~ 1.62°C,

%% 106 FIERZ% 103 (9281638 Bl A T3 2% 305 il
7R 127 ZJH],
2.5 MRASRRESHEENEXES T

IE FH S 7K A3 PRI T 52 ol 2 30 A0 % B 22 ) g

FUABL[A) 3R 22 308 45 RUAS - Pearson ] B 28 B35 AH 56
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Fig.1 Thermal images of Jiza305 at filling stage taken by Til25
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Fig.2 Effect of drought stress on leaf temperature difference of sorghum cultivars
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Table 4  Correlation coefficients among measured parameters of sorghum cultivars under drought stress

‘ ik, B Xt i

o s ik K sk Kk kit 5
F/B RWL RWC WsD

LTD 1.000

FWC 0.666" 1.000

BWC 0.750" " 0.651" 1.000

F/B -0.057 0.465 -0.368 1.000

RWL -0.397 -0.631" -0.334 -0.403 1.000

RWC 0.664" 0.825" " 0.618" 0.300 -0.869" " 1.000

WsD 0.041 0.283 -0.077 0.458 -0.272 0.111 1.000

T LTD, MHR 22 s FWC, B 7K & i BWC, ALK & i /B, B HUK/SREAPK; RWL, B AR A JOK R s RWC, HIX & 7K s WSD, K ZH i =
Bo s« Fx o« SRRIFIRLE 0.05 F10.01 BB E Ko

Note: LTD: leaf temperature difference; FWC: free water content; BWC: bound water content; F/B: free water content / bound water content; RWL: wa-
ter loss rate of cutting leaves; RWC: relative water content; WSD: water saturation deficit. * and * * indicate significance at the 0.05 and 0.01 probability

level, respectively.

SPEBR KT, A BRI K BE N2 i TRIRENT I 3 AR I ELA XS A K i 1 B
DU 2% 305 MBS PRI KR = AN BN R T R R AR R 2R 127(P < 0.05),
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