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Canopy-air temperature difference of winter wheat near-isogenic lines and its
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Abstract: This study explored the key factors that lead to differences in water consumption among different populations with
different genotypes, to evaluate genotype — specific water consumption traits and select ideal varieties with low water
requirements. Fifteen near-isogenic lines (NILs) , along with their donor parent Jing 411 and recurrent parent Jinmai 47,

were used as materials in this experiment. The materials tested have significantly different water consumptions, but there are
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no significant differences in their yields under water deficit conditions. Automatic rain-shelter and rain-proof pools that can
prevent water seepage were used for the simulated water deficit treatment. The soil water content of all the genotypes were
monitored over the whole experimental period and the total water consumption was calculated using the water balance
equation. Grain yield was measured after harvest and then the water use efficiency (WUE) was calculated. The canopy-air
temperature difference ( CTD ), leaf transpiration rate, and stomatal conductance were also monitored at the jointing-
booting, heading-flowering, and grain-filling stages. The results indicated that the 15 NILs, along with their parents, had
significantly different CTDs during all three growth periods. Analysis of variance for the CTD differences indicated that
genotype, and growth and development year significantly affected CTD, but there was an interaction between the two factors
only at the heading-flowering stage (P = 0.0002). There were significant differences in water consumption among the 15
NILs and their parents. However, there were no significant differences in yield. The differences in water assumption meant
that there were significant differences in WUE among some genotypes. The CTDs at all three growth and development stages
negatively correlated with water consumption. The R” value was the highest at the heading-flowering stage, and was 0.7042
and 0.6095 during 2012—2013 and 2016—2017, respectively. The correlations between leaf transpiration rate, and
stomatal conductance and water consumption were very weak among the 15 NILs and their parents. The correlations were not
significant for any of the three growth and development stages. The results for the near-isogenic lines tentatively indicate that
under water deficit conditions, the canopy structure traits, rather than leaf gas exchange properties such as leaf transpiration
rate and stomatal conductance, significantly affect population-specific water consumption. The results also show that
establishing a suitable population canopy structure increases yields and can control water consumption, which leads to an

improvement in WUE.

Key Words: near-isogenic lines ( NILs); water consumption amount; canopy-air temperature difference (CTD) ; leaf

transpiration rate
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1.1 Rk kit

BEIAPRL A o E AL B2 BE VR RL 25 5% T St S PR UL A A /N AE S RIS A2 47 3 411 KO S5 R R &
15 4~ PHARSEA R 411, 50 BIEA R 22 47, 0158 % BC3F4,

IRIG T A6 LB B K VB K A IR 6 3 (37°54' N, 115°42'E) 4T, M7 7K 328 6 ot b &b #8574 S
JE Sy v b X AR 13.0°C, TEFE I 206 d., 2012 4F 10 J E 2013 4E 6 A, B N TEHSIE N 8.06°C .
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Fig.1 Variation in soil volumetric moisture of different soil depth
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2013 4EJF 5T 411 5 908240 907986 908092 F1 908054 MIAE/K it Ml —4, M m T3 47, BHh 11 &
5 47 W BEES, W 47 5908188 90274 908120 908106 ,908216 907988 908176 1 908174 HI*E
KA, BEM TR 411, BN T ARG R 411 A BEES . 2016—2017 4ERE  FEK B RS —4
S5t 411 ,908092 F1 908054 , #E/K = B AILAY —2H i 22 47 ,908188 90274 F1 908174, PAF B Ay 52 g 25 R
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Table 1 Canopy-air temperature difference of 15 near isogenic lines along with their parents

2 CTD Canopy-air temperature differences/C

15 AT AFREIN R SOHTEA

15 NILs along with their parents B R B SHEN
2012—2013 2016—2017 2012—2013 2016—2017 2012—2013 2016—2017
908216 7.400.32cde 6.161.22fgh 6.32+0.78abed 5.8321.12def 5.35¢1.14abed 4.130.54jk
908240 7.130.78cdef 5.8721.03cde 6.03£0.55bed 5.55+1.01fgh 5.8321.04abe 4.900.57efg
907986 7.20£0.91cdef 5.93+0.75def 6.04+0.81bed 5.590.79fgh 5.82+0.44abc 4.7520.50fg
908092 7.390.26¢de 6.00£0.74efg 6.300.75abed 5.7620.77ef 6.13£0.34ab 5.2620.46¢de
908106 8.0320.66abe 6.9020.85mn 6.5020.50abe 6.180.95hc 5.530.06abc 4.33+0.93hij
908174 7.67+0.21abed 6.490.77ijk 6.360.24abed 6.12+0.87cd 6.09+0.90ab 5.15£0.73de
908054 6.5020.10¢f 5.26:0.85h 5.27+0.73de 5.360.83h 4.65£0.09cd 3.62+0.331
907990 6.90+0.26def 5.40£0.81¢ 6.23+0.85abed 5.73+0.93fg 5.3920.67abed 4.25+0.24ij
907984 8.0020.40abe 6.82+0.82Im 5.4220.29cde 5.43£0.92gh 5.53+1.27abe 4.57+0.64ghi
H 411 6.370.40f 5.11£0.94a 473¢1.15¢ 5.000.76i 4.27+0.41d 3.54x0.781
Tk 47 8.5720.62a 7.5020.980 7.20£0.74a 6.8021.00a 6.44+0.8% 6.14£0.47a
907988 7.73%0.65abcd 6.60x1.16jk 6.54+0.56ab 6.29+0.84bc 6.21+0.67ab 5.49+0.50bed
908120 7.97+0.55abe 6.730.71kl 6.570.23ab 6.33£0.90bc 5.230.59bed 3.80+1.02kl
908126 7.100.62cdef 5.62+0.99¢d 6.20+0.20abed 5.62+0.35(gh 5.79+0.68abc 4.68+0.27fgh
908176 7.40£0.80cde 6.23+0.93ghi 6.53+0.98ab 6.2220.51he 6.24+0.86ab 5.630.75he
908188 8.47+0.29ab 7.20+1.21no 6.60+0.78ab 6.46+0.75h 6.30+0.59ab 5.86+0.70ab
908274 7.60+0.87hed 6.36:£0.82hij 6.33+0.21abed 6.06+0.88cde 5.83+0.28ahc 5.04+0.3eg
SEE{H Mean 7.5 6.25 6.19 5.90 5.68 4.71
i’i’%ﬁ/% 6.8 14.7 9.8 14.1 11.0 12.0
] — B bR C A A B B R R TE P<0.05 K- LA & %R
x2 BREBENHENH
Table 2 Analysis of variance in canopy-air temperature difference ( CTD)

A5 SRR EFW A Rl ¥i5 FiE PH
Source of variation Growth period  Degree of freedom  Sum of squares Mean square F value P value
FHH Genotype AT 16 39.6891706 2.48057316 29.02** <0.0001

FAE- 16 22.3410706 1.39631691 19.76 ** <0.0001

TR 16 36.0113294 2.25070809 4.85"" <0.0001
& Repeat P -2 R 1 39.84375 39.84375 466.12** <0.0001

R -TFAE 1 2.06696471 2.06696471 29.25** <0.0001

HEII 1 21.1711853 21.1711853 45.65 " <0.0001
FEH R x PN -2 ) 16 0.3207 0.02004375 0.23 0.9989
Genotype X Repeat - IEIA 16 3.91803529 0.24487721 3.46*" 0.0002

TR 16 8.95436471 0.55964779 1.21 0.2869
2 Error PO -2 66 5.6416471 0.0854795

AR 66 4.66445294 0.07067353

T 66 30.6101 0.46378939

HE P<0.01 K LA BEZES

http ; //www.ecologica.cn



6 S % 39 &

SHOKEENAR 15 NI SEEER R MHEARZ B A B 225w, FER THEKENZES
Fli/ R ZIH] WUE 225580k, 2012—2013 4R, ZHRA /N il R WUE 43 7E 1.449—1.82 kg/m’ JuH Y, F-1
fH M 1.64 kg/m*, 907986 Hflk, 908274 fxfm . EAGL 411 TG4 47 4390 1.52 kg/m* F1 1.68 kg/m*, —# 2
A E) B 22 5, 2016—2017 4FJF , S & /N i &R WUE 8 i £ 1.554—1.857 kg/m’ S5 Bl N, -3 {E
1.712 kg/m’, 907986 1Ak ,908274 fix i, EA G 411 FE 22 47 43518 1.593 kg/m* 1 1.742 kg/m’ , — 3 Z []
BEREER,

®3 BNEEREERRRERANTE RKESKSFANE

Table 3 Water consumed, yield and water use efficiency of 15 near isogenic lines along with their parents

¥R 1/ (kg/hm?) Feok i/ (m*/hm?) IRADFIRR/ (kg/m?)

15 LA RE 3R R R A Grain yield Water consumption Water use efficiency
15 NILs along with their parents

2012—2013 2016—2017 2012—2013 2016—2017 2012—2013 2016—2017
908216 5238.8a 5122.0a 3147bedef 2964ef 1.665abe 1.729¢de
908240 5288.0a 4984.6a 3316abede 3075bed 1.595bcde 1.621fgh
907986 4870.9a 4816.1a 3371abc 3108abc 1.449¢ 1.554h
908092 5611.9a 5342.8a 3345abed 3094be 1.673abc 1.728cde
908106 5111.9a 4865.8a 3127bedef 2946efg 1.639bed 1.648efg
908174 4806.1a 4607.0a 2982ef 2789ij 1.608bcde 1.65efg
908054 5719.0a 5521.4a 3393ab 3127ab 1.685abc 1.767bed
907990 5381.3a 5302.4a 3196abcdef 3020cde 1.682abc 1.756bed
907984 4927.9a 4804.3a 3286abcdef 3041bcde 1.494de 1.58gh
w41l 5350.2a 5080.8a 3509a 3194a 1.522de 1.593gh
HE 47 4953.8a 4815.3a 2946f 2765j 1.675abe 1.742bed
907988 5171.5a 5162.8a 3049bcdef 2898fg 1.695ab 1.778abed
908120 5295.8a 5249.8a 3071bedef 2892fgh 1.723ab 1.816ab
908126 5428.0a 5358.3a 3187abcdef 2985def 1.703ab 1.798abc
908176 5107.5a 5104.4a 3032cdef 2865ghi 1.685abe 1.784abed
908188 4899.4a 4757.2a 2967ef 2796hij 1.649bed 1.703def
908274 5504.8a 5292.9a 3018def 2852¢ghij 1.82a 1.857a
SEHI{E Mean 5215.7a 5069.9a 3173 2965 1.640 1.712
TSR CV/ % 10.0 8.3 6.0 10.0 6.0 5.3

2.4 AFEBEEEFEHE R KLFEAN CTD 5EHA BFEKEER

P -ARE R AE AR R E 1 CTD SRR SRR B 2 B ERAECK R (K 2) b5
CTD 4K, BEA BRE KB/, RIFERRE 194 B I A2 9 CTD KB S b, BEREFE K 2=/ 1T CTD /N
Tl BER RFE K B, X 6 AH 5 5G R AE LA Sty 1) i P/ 2 v B Jom B I8, R S i ik i e A — T 7 101, DA G
AR B S IR 45 R4 T LUE Y, CTD F/J\E@M*Jra 411 F1 908054 , S AE/K 5 Y7 fe = — 41, 10 CTD S /=1 9
RS2 47 1908188, M FE/K FE A 1E f Il —

CTD %é%%7kgﬂ@*ﬁ3@@ﬁ?fiw@fh%/ﬁ;ﬁ%n%mfh%-ﬁiz,ﬁﬂﬁxﬂﬁ?% , T 7E T 3 301 0] B 8 %, 2012—2013
AEFE R*M 0.4556,2016—2017 45 R* R 0.5424 {HIRARSRA B i 7K, R d5emn s 1 P S BR—JF A6 309, 74
ANAEBESR 5 0.7042 F1.0.6095 , 413K B 27K, DX PIANE BE 1 SE 3 45 5 A, CTD R FH 0.1°C, SFEK
AP TRFEITE 25 m*/hm® 1 29 m*/hm?

2.5 ARG R 5AEA M B 78 1 R AR SL S B SRR SR K R OC R

2012—2013 4FFEFT 2016—2017 4F () S0 25 SR 2 B, b R AL 5 3 B RN Z8 i ol 3 5 (R B RE K 2 22

) AE DG PEAR 55 | W 4F B2 2 4k -2 B ey, R 43012 0.1477 F10.2583 3 ME B I RIAH] i 7KK (&
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Fig.2 The relationships between CTD and amount of water consumed
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Fig.3  The relationships between leaf transpiration rate and amount of water consumed
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Fig.4 The relationships between leaf stomatal conductance and amount of water consumed
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