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Stomatal and Photosynthetic Physiological Characteristics of Dryland Wheat
Varieties in Semiarid Rainfed Agriculture Area in Northwest of China
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Abstract ; Stomatal regulation plays a pivotal role in mitigating the impacts of abiotic stressors such as
drought. It is necessary to clarify the physiological and ecological response of stomata of flag leaves to
drought stress in wheat under semiarid rainfed region, which is helpful to provide guidance for dissec-
ting traits for rapid screening indicators of drought and stress resistance varieties and exploring the
improvement directions of stomatal related traits. Field experiments were conducted in two cropping
seasons with 101 winter wheat genotypes under rainfed agriculture in Gansu and 3 main cultivars in
Huanghuai wheat area as materials. Some indices were measured, which included stomatal distribu-

tion frequency and morphological indices, photosynthetic physiological parameters and agronomic
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traits of flag leaves at the mid-filling stage. The index D of stomatal character was obtained by princi-
pal component analysis and membership function method to comprehensively analyze winter wheat.
The results showed that stomatal index was positively correlated with stomatal density and stomatal
width, while stomatal density was negatively correlated with stomatal length. Genotype and rainfed
region environment significantly affected stomatal, photosynthetic physiological, and agronomic
traits. Also, the interaction between genotype and environment significantly affected the growth and
development of winter wheat. Using principal component analysis, six single drought tolerance evalu-
ation indices were transformed into three independent comprehensive indices, which reflected 84. 49 %
of the original drought tolerance index information. The first principal component explained 37. 64 %
of the total variation information, in which the absolute values of the load coefficients from stomatal
width was the largest. The second principal component contained 26. 08% of the raw information,
which mainly reflected stomatal density. The third principal component played a major role in the
stomatal length index, which contained 20. 77 % of the original information. According to the D val-
ue, the drought tolerance of the winter wheat was divided into three categories. Sixteen winter wheat
varieties with strong adaptability were selected, including Lantian 131, Lantian 28, Lantian 18, and
Jinmai 47, etc. The winter wheat in dryland with small, flat stomata, and high stomata density has
higher leaf water use efficiency, which has sustainable yield potential in water deficient region. In
summary, stomatal width., density and length can be used as the preferred indices for drought and
stress resistance screening during filling stage of winter wheat. The comprehensive index D value of
stomatal traits can effectively and reliably analyze the drought tolerance of winter wheat during grain
filling period.

Keywords: Wheat; Drought stress; Stomatal traits; Principal component analysis; Stress resistance
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Table 1 Basic information for the 104 winter wheat varieties
75 i it AKX 75 i HEEX
Number Cultivar Ecotope Number Cultivar Ecotope
1 # 4 35 Huandong 3 53 > K 20 5 Lantian 20
2 H& 10 5 Jingmai 10 54 2K 26 5 Lantian 26
3 22 ik 122 Lanhangxuan 122 55 %K 27 5 Lantian 27
4 REAE 25 Lingtai 2 56 22K 29 5 Lantian 29
5 A 35 Lingtai 3 57 2K 31 %5 Lantian 31
6 a2 4 5 Lantian 4 58 %K 52 %5 Lantian 52 b 7 111 [
7 22K 9 5 Lantian 9 59 %K 131 5 Lantian 131 Mountain areas
8 22K 10 5 Lantian 10 60 Pascal of Southern Gansu
9 22K 16 5 Lantian 16 61 ARk 57 5 Tianxuan 57
10 22K 28 5 Lantian 28 62 H12t 45 Zhongliang 45
11 2K 133 5 Lantian 133 63 arh 2% 47 Zhongliang 47
12 K 575 % Lantian 575 64 H13% 48 Zhongliang 48
13 Bz % 103 Longjian 103 65 # 49 Zhongliang 49
14 BE% 107 Longjian 107 66 At 121 Lanhangxuan 121
15 B % 108 Longjian 108 67 22K 13 %5 Lantian 13
16 B % 110 Longjian 110 I %% 68 22K 17 5 Lantian 17
17 [ % 111 Longjian 111 Eastern Gansu 69 24 K 23 5 Lantian 23
18 B % 115 Longjian 115 70 a2 K 24 5 Lantian 24
19 affg % 079 Longmai 079 71 %K 25 %5 Lantian 25
20 B # 479 Longmai 479 72 2K 30 5 Lantian 30
21 B % 898 Longmai 898 73 K 33 %5 Lantian 33
22 BEE 15 Longyu 1 74 %K 34 5 Lantian 34
23 BEHE 2 % Longyu 2 75 a2 % 35 5 Lantian 35
24 B & 4 5 Longyu 4 76 22K 36 %5 Lantian 36
25 Be®E 55 Longyu 5 77 %K 39 5 Lantian 39
26 B4 % 1% Longzimai 1 78 a2: R 40 5 Lantian 40
27 B 44 2 5 Longzimai 2 79 2R 42 5 Lantian 42
28 -3¢ 41 Pingliang 41 80 %K 43 %5 Lantian 43
29 a3 45 Pingliang 45 81 ARk 43 5 Tianxuan 43
30 P4 I% 27 Xifeng 27 82 K ik 46 5 Tianxuan 46 bAEZRLNES
. . Valley areas of
31 PI% 28 Xifeng 28 83 K ik 49 5 Tianxuan 49 Southern Gansu
32 P4 1 5 Xiping 1 84 Kk 51 5 Tianxuan 51
"33 2% 21 % Lantian2l 85  Fjk 53 % Tianxuan 53
34 2K 22 %5 Lantian 22 86 Kk 54 5 Tianxuan 54
35 ARk 44 5 Tianxuan 44 87 ARk 58 5 Tianxuan 58
36 Kk 45 5 Tianxuan 45 88 Kik 59 %5 Tianxuan 59
37 A K3k 47 5 Tianxuan 47 89 Kk 60 5 Tianxuan 60
38 "R % 48 5 Tianxuan 48 Bl 7 2 1l X 90 "R % 63 5 Tianxuan 63
39 Kk 50 5 Tianxuan 50 Halgx[aogugftain 91 AR 65 %5 Tianxuan 65
40 Kk 52 5 Tianxuan 52 Southerr{ Gansu 92 Rk 66 5 Tianxuan 66
41 Kk 55 %5 Tianxuan 55 93 a R ¥k 70 5 Tianxuan 70
42 K ik 62 5 Tianxuan 62 94 Al H#B 16 5 Wudu 16
43 ik 68 5 Tianxuan 68 95 AR HR 17 5 Wudu 17
44 af 2t 31 Zhongliang 31 96 Al 22 5 Wudu 22
45 H1 % 32 Zhongliang 32 97 2% 38 Zhongliang 38
46 =%k2lltandazl 98 “th 42 Zhongliang 42
47 22 3% 151 Lanhangxuan 151 99 H1 2% 46 Zhongliang 46
48 2:K11% Lantian 11 B i 11 [ 100 ME#E A7 Jinmai 47 ALEEAEX
49 22K 12 %5 Lantian 12 Mountain areas 101 bR 3 175 Zhongmai 175 Norlh’ern Winter
e =) . of Southern Gansu  |f----r-z----mmmsacmmamr e S saol S SUUO W hedtReglon -------
50 =K 14 % Lantian 14 102 i 58 Aikang 58 2 X
51 2K 18 %3 Lantian 18 103 WA 22 Jimai 22 Huang-Huai
52 %K 19 % Lantian 19 104 JA%E 22 Zhoumai 22 Wheat Region

a:E3 BT S AR T H B A Al s b R 47 3 175 WOl g1 )T R TR R R A E X,

Lethal varieties of E3 caused by drought and low temperature; b: Jinmai 47 and Zhongmai 175 were introduced and popularized in

a:

Gansu Province and planted in dryland winter wheat area of Eastern Gansu.
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Table 2 Basis statistics of stomata traits of the 104 winter wheat accessions
PEAR 208575 B A2 fe/ME IEON(] 5 R AL
Trait Environment Mean=+ SE Minimum Maximum Coefficient of variation/ %
AL H E1 18.50+1.75C 14. 04 22.41 9.45
Stomatal index(SI) E2 19.934+1.47B 15.00 23.46 7.38
E3 21.22+2.01A 17.17 29. 31 9.45
AL E1 57.97+6.19C 42,67 69. 33 10. 68
Stomatal density(SD) E2 66.08+3.96B 56. 00 76.00 5.99
E3 71.1846.95A 60. 00 92. 00 9.77
% F A A El 16.18+1. 678 12.00 21.00 10. 34
Epidermis cell(EC) E2 16.57+£1.62A 10. 00 21.00 9.76
E3 16.77£1. 76 A 11.00 21.00 10. 48
ALK El 50.96+1.91B 45.00 56. 25 3.75
Stomatal length(SL) E2 52.7143.25A 43.75 61.25 6.17
E3 50.50+3.89B 38.33 61.25 7.69
ALTE El 30.65+2. 34B 25.00 36. 67 7.62
Stomatal width(SW) E2 31.88+2.93A 25.00 43.75 9.20
E3 30.17+2.74C 22.50 37.50 8.85
ALK TE I E1 1.67+0. 14 1.33 2.00 8.09
Stomatal length/Stomatal width E2 1.67=£0.17 1.17 2.20 10.02
(SL/SW) E3 1.6840. 15 1.17 2.26 9.06

E1:2022 HHE/K;E2:2023 H K E3:2023 HAT i . Bi)5n A RS FHRREIRETE 0. 01 KFERRE.
El: Gansu Qingshui in 2022; E2: Gansu Qingshui in 2023; E3: Gansu Tongwei in 2023. Data followed by different capital letters

indicate significant differences among different environments at 0. 01 level.
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Table 3 Analysis of variance and broad-sense heritabilities( H?) for stomata related traits of flag leaf

758 Mean square

Pk 1% 73
Trait o ENE o wE GXE R R H?
Genotype(G) Environment(E) Replicate Error
SI 5.94*** 0.05* "~ 4.88* "~ 5.28 1. 88 0. 45
SD 62,70 ** 1. 15E+04 " * * 49,20 "~ 85.33" 20.48 0. 45
EC 6.51"** 19.83* "~ 4.32* " 0.18 1.67 0.53
SL 20,19 "~ 354,52 7" 15.00" "~ 7.26 5.52 0.49
SW 17.33"~ 154.08* " * 10.01* "~ 8.25 4.21 0.57
SL/SW 0.05" "~ 2. 28E-03 0.03" " 0.03 0.02 0.50
HZ ARE il f1. % . P<C0.05; % * ; P<C0.01; * » %, P<0.001, % 4 [,
H? indicates generalized heritability. * : P<(0.05; % % ;P<C0.01; % % % . P<C0.001. The same in table 4.

HAEXHOE A g RSOt Mtk BT
K I S AR 25 M R i TR A B 3 K P (R )
M E 28 B R I I K A R bR S AR
WKL ¥k 0. 70 DL L, R G E R X L
YR AR TTER. PS 1T W& K E 7 RCR
F/F o 5845 PR g 1"§j3*HXTZBLfEE,UE[U§J_
BE MR 5y 32 2 1 B R ROl X HE Ky i 3a
Bi s,
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Table 4 Analysis of variance and broad-sense heritabilities( H?) for photosynthetic physiological and agronomic traits of flag leaf

)77 Mean square

PR - buig |
Trait AR e GXE £ 2 H*
Genotype(G) Environment(E) Replicate Error
SPAD 223.28" " 1.43E+03" * 79.36" " 9.68 4.70 0.73
F./Fun 3.80E-03** 0.24"" 4. 00E-03" * 2. 13E-03 1. 23E-03 0. 39
P, 37,170 6.90" " 32,21 24,86 " 0. 35 0.53
G, 7.26E-03" " 0.73"" 7.04E-03" " 5.67E-03" " 6. 31E-05 0.51
Ci 8. 42E+03" " 2.35E+06" * 6.18E+03" * 16. 31 67.72 0.57
T. 3.18"* 100. 79~ 2.70"* 3. 86 0. 04 0. 54
L, 0.05" " 11.65" " 0.04" " 3. 27E-05 3. 71E-04 0.58
LWUE;, 5.28"" 90.69 " * 2.24"" 0.01 0.02 0.70
LWUE;. 3.31E-03"~ 6.01E+05™ ~ 2.32E+03" 8.59 25.25 0.59
PH 1. 20E+03* * * 5.47E+03" "~ 174,42 20.59 8.10 0. 87
UIL 310,71~ 1.06E+04 ™ * * 78.08* " * 8.01 13.47 0.79
FL 40.96" "~ 605. 65" " " 20.85" " " 5.27 6.08 0.63
FW 0.28**~ 7.02% " 0.23"~ 0.18 0.16 0. 35
FLA 176.44° " * 4.58E+03" "~ 118.27*** 54,87 57.68 0. 50
SPAD: M &R K & Fy/F o : PS LB KR TRCE P OB G RAL R G MM COp MR T 28 M 285 L AL R

{EL s LWUE : M5 BRI K 53R F 285 LWUE, M7 A FE K 53 1 285 PHE: Bk i UTL BE R 99 < FL . HE M < FW L HE M58 5 8 - i AR
FLA, F#&R.

SPAD: Soil and plant analyzer develotrnent; F,/F, : Maximum quantum yield; P,: Net photosynthetic rate; G,: Stomatal con-
ductance; C;: Intercellular CO; concentration; T,: Transpiration rate; L: Stomatal limitation value; LWUE,, : Instantaneous water
use efficiency of leaves; LWUE,, : Intrinsic water use efficiency; PH: Plant height; UIL: Uppermost internode length; FL. Flag length;
FW. Flag width; FLA: Area of flag leaf. The same in belows.
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The correlation coefficients are shown in circles, red represents positive correlation and blue shows negative correlation; The size of
the shape indicates the strength of the correlation, and the color indicates the size of the correlation coefficient.
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Fig. 1 Correlation plots depicting associations among stomatal traits, photosynthesis physiological and agronomic traits
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Table 5 Index related to principal components analysis

for stomatal traits of winter wheat

K F#ff Factor loading

ek

Character PC1 PC2 PC3
SI 0.69 0.55 0. 40
SD 0.21 0. 87 0.09
EC —0.70 0.13 —0.41
SL 0.08 —0.56 0. 69
SW 0. 82 —0.43 —0. 20
SL/SW —0.76 0.09 0.63
#1E {8 Eigenvalue 2.25 1.57 1. 25
)2 TR
Variance contribution rate/ % 37.64 26.08 20.77
BiTprmk R y .
Cumulative contribution rate/ % 37. 64 63.72 84,49
AT AR 0. 45 0. 31 0. 25

Factor weight
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Table 6 Comprehensive evaluation of stomatal

traits indices of winter wheat

S J R EUE
2 M  Subordinative function value D {H He ARE S
Group D value Rank Cultivar
SW SD SL
e
I 0.65 0.66 0.56  0.63 | HAEAT
Jinmai 47
c S BB 58
I 0.49 0.52 0.49 0.50 2 Aikang 58
JilZ 22
I 0.32 0. 35 0.41 0. 35 3 Zhoumai 22
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A': Image under 20 X objective lens; B: Image under 40 X objective lens.
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Fig. 2 Stomata characteristics of the three types of winter wheat
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Table 7 Analysis of variance of stomata, photosynthetic physiological and agronomic traits in the three types of winter wheat

2K Group

eIk
Trait 1 il m
SI 19.59+1.01 19.71£0.93 19.79+1.03
SD 66.6241.59A 64.61+2.34B 63.3342.59B
EC 17.00£1. 36A 16.60=+0.82A 15.86=+0.85B
SL 50.8540. 94 51.27+1.33 51.47+1. 36
SW 28.7640.74C 30.5740.78B 32.4041.09A
SL/SW 1.77+0. 05A 1.69+0.05B 1.6140.06C
P, 7.97+2.23 8.37+2.27 8.70+3.18
Gy 0.0640.02B 0.07+0.02A 0.08+0.02A
C; 164.63+42.98 185. 76 +54. 81 184.21461. 81
T, 2.2340.36b 2.584+0.55ab 2.8040. 78a
I 0.5840.11 0.53+0.13 0.53+0.15
LWUE;, 3.42+0.66 3.30+0.90 3.34+1.18
LWUE, 140. 85+21. 78a 113.35427.32b 114.164-26. 68b
SPAD 51.0746.01 49,1949. 88 51.7247.96
F./F 0.80+0. 02 0.78+0.11 0.80%0.02
PH 91.3248.48A 80.87415.00B 75.64413.06B
UIL 43.531+4.63 38.30£8.74 38.1747.65
FL 17.96=+2. 00 17.77£3.54 19.28+2.62
FwW 1.36+0. 15b 1.45+0. 26ab 1.57+0.19a
FLA 18.52+2.53B 20.26=%5.29B 23.4445.62A

AT B 5 A R NS T8 5 R AR R ZE B EITE 0. 01 A 0. 05 K22 5 2%

Different capital and normal letters after the values within the same lines indicate significant differences among three wheat types at

0.01 and 0. 05 levels, respectively.
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