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EEE T RE2 (1978-) 2 IR, Wt BB, BT 58 J5 1)
S SR S EE TR (Eomail) yywaja@ 126.com the condition of rain-proof shed cultivation in the pool, and

BINMEE . W], (E-mail) huangming_2003@ 126.com ; F bk, (E- strong drought resistant winter wheat variety Jinmai 47
mail ) zhimin206@ 263.net (JM47) and weak drought resistant winter wheat variety

To investigate the effects of drought on
flag leaf photosynthetic characteristics, grain yield and wa-
ter use efficiency of winter wheat with different drought re-

sistance, three soil moisture treatments were set up under
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Yanzhan 4110 (YZ4110) were used as materials in 2013-2015, such as persistent drought treatment after jointing (W, treat-
ment, the relative water content of 0—140 cm soil lager was 50%+5% of the maximum field water capacity) , drought treat-
ment after flowering (W, treatment, the relative water content of 0—140 c¢m soil lager from jointing to booting was 70%+5% of
the maximum field water capacity, and the relative water content of 0—140 cm soil lager after flowering was 50%+5% of the
maximum field water capacity) , well-irrigation treatment after jointing (W, treatment, the relative water content of 0—140 c¢m
soil lager was 75%+5% of the maximum field water capacity). The mean values of different photosynthetic parameters, grain
yield and water use efficiency in flag leaves of winter wheat during morning (6 : 00-12 : 00) , afternoon (12 : 00-18 : 00)
and daytime (6 : 00—18 : 00) were analyzed. The results showed that the mean values of net photosynthetic rate (P, ), stom-
atal conductance (G,) and transpiration rate (T.) in the flag leaves under W, and W, treatments were decreased compared
with those under W, treatment, and the decreasing range in the afternoon or during the medium grain filling stage was greater
than that in the morning or during the early grain filling stage. Under the same soil moisture condition, the mean P, values of
JM47 flag leaves in the afternoon of the early grain filling stage and in the morning, afternoon and daytime of the medium
grain filling stage were all significantly higher than those of YZ4110. The mean G, of JM47 flag leaves in the afternoon and
daytime of the early grain filling stage, in the daytime of the medium grain filling stage of the growing season in 2013-2014

T value of JM47 flag leaves was significantly

r

was significantly higher than that of YZ4110 under W, treatment. The mean
higher than that of YZ4110 in the morning, afternoon and daytime under W, W, and W, treatments in the medium grain fill-
ing stage. In addition, the mean value of intercellular carbon dioxide concentration (C;) of JM47 flag leaves in the morning of
the early grain filling stage was significantly lower than that of YZ4110 under W, treatment. Compared with W, treatment, the
grain yield of JM47 and YZ4110 under W, treatment decreased by 12. 5% and 24. 2% respectively, and the water use efficien-
cy increased by 23.3% and 18. 2% respectively, while the water use efficiency under W, treatment increased by 13.2% and
13. 7% respectively. The grain yield of YZ4110 decreased by 9. 4% significantly. The photosynthetic parameters in flag leaves
were positively correlated with grain yield except for instant water utilization efficiency (IWUE) and intercellular carbon diox-
ide concentration in the medium grain filling stage and were negatively correlated with water use efficiency , while the abso-
lute values of the correlation coefficients in the afternoon and during the medium grain filling stage were generally higher than
those in the morning and during the early grain filling stage. In conclusion, planting winter wheat varieties with strong drought
resistance is beneficial to increase grain yield by improving the photosynthetic characteristics of flag leaves, especially during
afternoon and medium grain filling stage.
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Table 1 Soil moisture content under different treatments at pre-seeding and different growing stages of winter wheat

THFKE (%)

AR LA 3 i
i BT 2 TFAE I I
2013-2014 4f W, JM47 30.0 22.0 19.0 18.2 18.9 19.5
W, M47 29.6 21.9 23.9 21.8 19.1 19.3
W, IM47 29.9 22.1 28.9 26.3 26.2 27.1
W, YZ4110 29.9 23.4 20.2 18.8 18.8 19.6
W, YZ4110 29.4 23.7 23.9 21.9 18.7 19.6
W, YZ4110 30.3 23.7 29.5 26.9 27.0 27.5
2014-2015 4F W, JM47 29.0 21.1 18.8 16.8 19.7 17.5
W, M47 29.6 21.0 24.3 20.1 19.0 17.6
W, IM47 29.7 21.1 27.2 26.3 27.2 27.1
W, YZ4110 29.8 21.4 18.2 18.8 19.5 18.6
W, YZ4110 29.7 21.1 25.7 20.8 18.9 18.3
W, YZ4110 30.1 227 27.0 26.9 27.6 27.5
IMAT B3 4T, YZ4110 B 4110, W, KT JEHReEeT FACPE (3730 2 U 510~ 140 em 4 2 B9 AR X35 K 2k ) 45 K 4% K 2 19 50 % «
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Fig.1 Diurnal variations of light intensity, air temperature and relative humidity during early and medium grain filling stages
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Table 2 Effects of different treatments on the mean net photosynthetic rate (P,) of flag leaves in winter wheat in the morning, afternoon and daytime

TESRTIIAE AR [ pmol/ (m? « 5) ]

IR EOEEEZE [ wmol/ (m? - s) ]

ARk AR A il

B4 T HX L L HX

2013-2014 4 W, JM47 11.91d 8.54e 10.36d 5.08¢ 2.36¢ 3.82¢
W, m47 14.58b 10.34¢ 12.62¢ 7.26b 3.32b 5.44b

W, Jm47 16.01a 12.66a 14.46a 8.09a 5.34a 6.82a

W, YZ4110 13.00c 8.04f 10.71d 4.64d 1.46d 3.17d

W, YZ4110 14.69b 9.56d 12.32¢ 5.13¢ 2.51c¢ 3.92¢

W, YZ4110 14.82b 11.57b 13.32b 6.50b 4.06b 5.37b

2014-2015 4F W, JM47 8.26¢ 6.80d 7.58e 5.05e 2.32d 3.69¢
W, ma7 9.86b 1.77¢c 8.89¢ 7.21b 3.31c¢ 5.26b

W; Jm47 10.84a 9.29a 10.13a 8.20a 5.33a 6.77a

\A YZ4110 8.18¢c 6.01e 7.18f 4.63f 1.45¢ 3.04d

W, YZ4110 8.49¢ 7.47¢ 8.02d 5.13d 2.55d 3.84c

W, YZ4110 9.92b 8.83b 9.42b 6.48¢ 4.05b 5.27b

[l — K 2[R — BB S A AN RING ERE R R 22 5735 0.05 /K-, IMAT7 B2 47, YZ4110 )8 4110, A0HE W, ~ W, W3 1 7E,

212 AILFE HmEITUEE FELF FFAA
K, XA/ N 6 IEAREAT 252 0m  (H5%
MO PR A 4 3 SRRSO RN S R S, TEAC/NEE 2
AR ZRIRE BT (FR2013-2014 4F _F4F41) #12013-
2014 AFA/ N AR ZERER I LR, W A AR

IM47 SERREHEM: G 4T YZA110 fi b B4R m W, A0 3
ST IMAT EFREIEE G (S YZA110 SHFRhAH L)
TCREZER W AP IM47 SRR EN: ¢ 34(E
5 YZA110 S EC SRR, UERA T 24504 Fibi 2
PEA/INZE SRPIATER G IFTCHiy,
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Table 3 Effects of different treatments on the mean stomatal conductance(G,) of flag leaves in winter wheat in the morning, afternoon and

daytime
. WERADAR AL FE [mmol/(m® - s) ] FEH PRI [mmol/ (m?® « s) ]
KT T LAk 5 il
kA TR EPN s T FIR
2013-2014 4 W, M47 0.13d 0.09d 0.11d 0.06d 0.03¢ 0.05d
W, M47 0.25b 0.14be 0.20b 0.12b 0.05b 0.08¢
W, M47 0.29a 0.19a 0.25a 0.17a 0.08a 0.13a
W, YZ4110 0.21¢ 0.09d 0.15¢ 0.09¢ 0.03¢ 0.06d
W, YZ4110 0.25b 0.13¢ 0.20b 0.11b 0.04be 0.08¢
W, YZ4110 0.28a 0.15b 0.22b 0.16a 0.08a 0.12b
2014-2015 4F- W, m47 0.13e 0.08d 0.10e 0.05¢ 0.03¢ 0.04d
W, m47 0.18c 0.13¢c 0.16¢ 0.13b 0.06b 0.10b
Ws M47 0.24a 0.20a 0.22a 0.18a 0.09a 0.14a
W, YZ4110 0.16d 0.09d 0.13d 0.08d 0.03¢ 0.06cd
W, YZ4110 0.21b 0.16b 0.19b 0.11c 0.05bc 0.08¢
W, YZ4110 0.21b 0.17b 0.19b 0.17a 0.09a 0.13ab

[l = [m]— R S AR A AN RING F R IR 25535 0.05 7K, IM47 .35 2% 47;YZ4110 % 4110, Z03 W, ~W, T3 13,

2.1.3 Jel —fAesoRkE R 4 LA EAR
FALBET, B o R A RE/NEEM ¢ HER
ARG AN 5o AEVER AT LA R &
IR, &/NE M CYERI T W,>W,>W, | JM47
SRR C ¥ AE 3 A K A Ak B A] 22 5 2
YZ4110 S AP W ALBES W, 4B A] 1 ¢ B{E 0 i 3
25 M FHEEET W, AR (FR2014-2015 4

F4 FAELEMLNEEM CEF THFERAXHEHIN

K& BRI C a1 ), DLW T AR T #E
R €, HSRHTPPEA /N b (TR C %
TREONBUR, R P, 2 MERFRL N
C AR —20, B W, AL Ry IM4T7 5 i LT
W ARBRAY TMAT b i S, HG Al Ak 31 8] G 82 25
I RT UL, 502/ I Hp BT €, ) i
/N, HES YU AR I R BB R

Table 4 Effects of different treatments on the mean intercellular carbon dioxide concentration( C;) of flag leaves in winter wheat in the morn-

ing, afternoon and daytime

FEIKRTHIANEE] CO, R ((mol/mmol)

FES IR E] CO, R ((pmol/mmol )

ERNEE AR i
B4 T HX B4 TR HX
2013-2014 4F- W, m47 255.8¢ 221.5¢ 240.0c 250.9ab 259.3ab 254.8ab
W, m47 281.6b 243.0b 263.8b 241.6b 244.1b 242.8b
W, IM47 297.1a 265.7a 282.6a 271.3a 263.9a 267.9a
W, YZ4110 277.7b 215.5¢ 249.0c 265.1a 272.4a 268.4a
W, YZ4110 296.8a 244.3b 272.6ab 265.4a 276.7a 270.6a
W, YZ4110 302.1a 248.4b 277.3a 273.3a 275.3a 274.2a
2014-2015 4F- W, JM47 259.3¢ 230.9¢ 246.2d 250.4ab 257.8ab 254.1ab
W, m47 296.6b 257.5b 278.6bc 241.3b 243.8b 242.6b
W, IM47 318.7a 280.2a 300.9a 270.9a 261.4a 266.2a
W, YZ4110 296.5b 237.8¢ 269.4c 264.5a 271.4a 268.0a
W, YZ4110 309.4ab 261.4b 287.2ab 264.9a 276.2a 270.6a
W, YZ4110 317.0a 269.6ab 295.1a 272.9a 274.5a 273.7a

[l — A& 2[R — SR G A AN RING EhE R 22 5735 0.05 /KT, IM4A7 B2 47, YZ4110 ABJE 4110, 0FE W, ~ W, W& 1 7E,
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WA/ NN T S {E 3 b 2 B AIR , (F B I s 3 1R
pn AP S, 5 YZA110 ShRPAR LE, IM4T b Floe i i)
THETE W, W3 ik B E 8w, 78 W &b
R, IM47 & A 0 T S5 (8 7E HE R 0t A
YZ4110 @ Fh B 548 m . 2 NMERRW T35k
LB 5 W AR, IM4T SRR W, W,
AC BRI Y T Y5 5 1 7 HE SR I 4300 Ry 44. 0% |
10. 7% FEHE SR 430 8 52. 0% . 26. 7%, YZ4110
A W W AR BRI T 2 A A T S T 4
x5 ARELEXLNEZEN T, L4 TFRAXRHENIIN

A 20.6% 4. 2%, £E B IK v 43 00 R 46. 6%
26.2% ;7E NI BE, 5 W, AL BEAH L, IM47 5 A
W, W, AR BREE I 11 T 66 i 4 (1 76 T8 SR i 301 430 A
48.0% \23. 9% ,FEHESK T3 23 )l 42.8% .27. 8%,
YZA110 fhFP W, W, AL B T R A A E I
i1 43 59 R 37.0% . 6. 9%, 75 HE 3% v 143 51 Ky
51. 1% .32. 7% ; 7E FA KRBT B, 5 W, AR BEAH [L, JM47
FRAR W, WAL BRI Y T R (A T R
BN 46.0% ,17.2% , £ HEH T HH 53 51 8 47. 6% |
27.2% ,YZA110 ShFP W, W, Ab B3 M- () T [ i 44
EAEFE A2 300 29. 1% 5. 1% , 7 HE 35 i 43
M 48.7% 29. 4%, DL F&ESRULH | T 5 i PR AR
T AN TN T I HAEVE SR 0] 0 AT e B KT
FESTT,

Table 5 Effects of different treatments on the mean transpiration rate( 7, ) of flag leaves in winter wheat in the morning, afternoon and day-

time
WA [mmol/ (n® + s) ] MO ZEBE B [ mmol/ (m? - ) |

AR T AR i
B TF EPN e T EPN
2013-2014 4F- W, IM47 2.75d 2.48e 2.62e 2.39d 2.75d 2.56d
W, m47 4.47b 3.68¢ 4.11c 3.60b 3.46¢ 3.54¢
W, M47 5.23a 4.95a 5.10a 4.96a 4.78a 4.88a
W, YZ4110 3.6lc 3.00d 3.33d 2.06e 1.92e 2.00e
W, YZ4110 4.33b 4.60b 4.45b 2.83¢ 2.68d 2.76d
W, YZ4110 4.32b 4.51b 4.41b 3.89b 3.94b 3.91b
2014-2015 4F- W, m47 2.49¢ 2.98¢ 2.72¢ 2.37¢ 2.72d 2.55¢
W, m47 3.88b 4.32b 4.08c 3.66¢ 3.45¢ 3.56b
Ws IM47 4.12a 5.56a 4.79a 4.95a 4.79a 4.87a
W, YZ4110 2.5% 3.20c¢ 2.87e 2.05f 1.92¢ 1.99d
W, YZ4110 3.15d 4.56b 3.80d 2.85d 2.61d 2.73¢
W, YZ4110 3.49¢ 5.33a 4.34b 3.81b 3.92b 3.87b

) — A= K 2 A — SN R b ARG FREROR 22 513K 0.05 /KK, IM4T 353 47;YZ4110 B 4110, AbPE W, ~W, W3 1,

2.1.5 BREPRA AR R e ATLIAEWN L
U R AR BE, AR A BN 4 /N2 T IWUE
TEJ{EL %) 5 Wi R) 4 40 s U R0 5 o s 5 K1 IM47
PRI, N IWUE FERER AT B R B A R
B E A RE R 0 L e B AE SR B W, <
W,<W,, H 3 NKArAbBE 2 [0 O RER IWUE Y{E 2%
S M R AR B W, A BRAY N TWUE
P AR, AW, SW,>W, . XF T YZ4110
AP S, WL AR H R AT B AR AR
B W, AbBRAG I TWUE S0 FHER T i F 4 it
Briiient IWUE YA F ol B & KT W, W, b H,

FEHES PR 27 i B W, AR B ERT IWUE $41H
FmT W AN (AT BT WA, Bk
KFE, TR RERE TR R B
(AN B IWUE B AR T 3K rh 01 F AF B Be
M IWUE , H W AR BER JM47 (5 B 114 A1 s 3
/NT YZ4110 S,
2.2 AESEIZPNEIFRF=EMAKS T HRE
EpA)

R 7 AT LUE ), B E K A N, 4 /N A
B HIFEK R KPR S0, 1 3K FE R 53
FIFHRCRRAR RN R R, N 2 DMK R&E
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FRSBERE 5 WAL BEAH EE, IM47 SR EE W, W,
AR R A A K I FE & O R T 227.7%
212.5% ,YZA110 fFPfE W, W, AREE T 1 + 5K I #E
IR T 198.6% ,198.5% . TR FWFEKETT
1,5 W ALBEAH L, JM4T7 ShRhAE W, W, A BT 1
P IR K 2 IR T 29.2% (13. 6%, YZ4110
A ATE W, W AR B A1 24 2 7 AR K i3 R A1
T 35.7% .16.5%., TEFFRLF= 5T, 5 W, A0 FAH
Lb,IM47 ShRPTE W, W, AR B R [ SF AR R 43 )
FEAR T 12.5%.2.4% ,YZAL10 ShARAE W, W, Ab B R

AR R = 5 o I REAR T 24. 2% .9. 4%, FE7K 57
FIFHRCR T, 5 WAL BT HE, IM4T SRR E W, W,
b BN 3K 43 RO iR R T 23.3%
13.2% ,YZ4110 SHhFH7E W, W, &b 3R [ °F- 357K 43 F)
FARCRAT AR T 18.2% 13. 7%, 5 YZA110 S Fil
FHEL, W, W, A0 38R IM47 5 B FERL 77 2013
2014 AR ZE W ALBE TR A R 3EFEK DL S W, WL Ab
FHR BY/K 2 F AR 2014-2015 A2 K28 W A3 T
(A B IAAE K S A 2 4 o A A R K 23 2% 4 T 1Y
Fei IKORIHRCRTE 2 A A TE B & 25,

®6 FREIENZNEEMBERKSFIRAYEL TFRERHENZE

Table 6 Effects of different treatments on the mean instant water utilization efficiency (IWUE) of flag leaves in winter wheat in the morning,

afternoon and daytime

TR AT A BRI 7K 20 AR (umol/ mmol )

FEAE TR A BRI 7K S0 AL (umol/ mmol )

AR TR SF
P S EPS A TR EFS
2013-2014 4F W, m47 4.32a 3.34a 3.87a 2.34a 0.91b 1.68a
W, m47 3.48¢ 2.79b 3.16b 2.17b 1.00ab 1.63a
W, m47 3.25d 2.44c 2.88¢c 1.68d 1.06a 1.40c
W, YZ4110 3.77b 2.50¢ 3.18b 2.16b 0.77¢ 1.51b
W, YZ4110 3.60b 2.00d 2.86¢ 1.81c 0.94b l4lc
W, YZ4110 3.75b 2.62bc 3.23b 1.67d 1.09a 1.40¢
2014-2015 4 W, m47 3.23a 2.25a 2.78a 2.13b 0.85d 1.45b
W, m47 2.74c 1.69¢ 2.25¢d 1.98¢ 0.96¢ 1.49ab
W, m47 2.55d 1.62¢ 2.12d 1.66e l.11a 1.39¢
W, YZ4110 3.12ab 1.93b 2.57b 2.26a 0.76e 1.53a
W, YZ4110 2.74¢ 1.59¢ 2.21ed 1.80d 0.98be 1.41bc
W, YZ4110 2.99b 1.61c 2.35¢ 1.70de 1.03b 1.36d
[)— R ] — SR S bR AN /NG FRER IR 22 53K 0.05 7K, IMAT 532 47, YZ4110 )% 4110, Ab8E W, ~W, WL 11T,
R7T AEENLNEFR=EFKSF ARERHZIE
Table 7 Effects of different treatments on grain yield and water use efficiency in winter wheat
LR T A Ty s Tt - m]
2013-2014 4F W, m47 119.9¢ 199.7a 319.6¢ 6 544bc 20.5a
W, m47 178.7b 185.1ab 363.8b 7 041a 19.4ab
W, m47 393.6a 50.2¢ 443.8a 7 048a 15.9¢
W, YZ4110 121.4¢ 176.2b 297.6¢ 5239d 17.6b
W, YZ4110 180.9b 167.3b 348.2b 6 230c 17.9b
W, YZ4110 411.4a 49.8¢ 461.2a 6 770ab 14.5d
2014-2015 4F W, m47 133.7¢ 169.9a 303.6¢ 5977c 19.7a
W, m47 229.3b 167.4a 396.7b 6 926a 17.5b
W ma7 373.6a 62.6b 436.1a 7 265a 16.7¢
W, YZ4110 114.2d 158.5a 272.6d 5303d 19.4a
W, YZ4110 224.4b 167.3a 391.7b 6 359b 17.7b
W, YZ4110 362.8a 62.3b 425.1a 7 130a 16.8¢

[ — R 2 ] — VB S BT AN i) /NG FRER IR 25 53K 0.05 7KF-, IMAT . 552 47, YZ4110 )% 4110, AR W, ~W, R 11T,



1116 O K ¥ R

2021 4E & 37 % 5 M

23 ZNEFEMASFARES EF . TFRA
KIEM A SHHENEXE

& 8 ITLIE &/ NZHEMHOL A SEIE 5™
K IR B A S TR A RV R B T D & 1
R PBTBL R IR, FERESR R, PR i
TP E R LARX G, .C, T35 B3 5
FIEAE K FIHRCR S T at By P ME, B,
TR ERNE G, CF T YE 5 B a3 Al
KB KA FITTRCR St IWUE B9 AR OGP
RIRBWEAE, R, " ES LT T X

HREE: P, G, T3 XTIt B IWUE Y9{E 2 7]
PIFRIMAR B E IE ARG KA FIHRCR S PN A
KEFBSBER G, T, B R R AR B #41E
IWUE TPt B ¥ A 2 1 2 B0 i 35 A oG (3
e IWUE 14 | A I B 349 18 52 W 2% 1E A
Ko BMATF  EMCESHIE S5 5 KR
BCRIAHSC R L X HE R BN T P BT Bt
Bt R IR TR AT, DA AE ARG 55 T, 2k
SNSRI T i B s S 6 A D Ak

AT A /N AR 1

®8 ENEFENKSAARESEMNAGSH EF TFREXYENEXRY

Table 8 Correlation coefficients of grain yield and water use efficiency with the mean value of different photosynthetic parameters in flag leav-

es of winter wheat in the morning, afternoon and daytime

PR HIHOLA SRR R L

TR TR SR a5 S A R AL

e it ] 240
R T EPS IS TR EPN
BT P 0.289 0.615* 0.421 -0.410 -0.630" -0.505
G, 0.449 0.778 ** 0.614* -0.777* -0.697 * -0.784*
C 0.407 0.732 0.577* -0.688 " -0.580" -0.664 *
T, 0.566 0.671" 0.691°* -0.659" -0.744* -0.783*
IWUE -0.286 -0.085 -0.194 0.253 0.296 0.280
I P P, 0.858 ** 0.868 ** 0.879** -0.517 -0.651" -0.591 "
G 0.691* 0.774 0.718** -0.848 ™ -0.809 ** -0.841"
C -0.130 -0.364 -0.180 -0.662* -0.370 -0.548
T 0.860 ™ 0.892 0.878 ** -0.671* -0.621" -0.650"
IWUE -0.499 0.937* -0.188 0.842 -0.622° 0.770 **

* LTI 0.05,0.01 K REAZ, P EOCE R G AL MR TARARBRIK L T, ZRE R IWUE : BRI K 2 A AR

3 17 i

AN R T R 20% ~ 30% 3K H 1Y
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