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Response of Photosynthetic Physiology and Yield of
Spring Wheat to Drought-Rewatering
YIN Haojie, WANG Rongrong, JIANG Guiying, CHE Zigiang, CHEN Tianpeng,
HU Jiajie, GUO Rougu, PANG Tiantian, LEI Qiqi
(Agricultural College s Shihezi University» Shihezi s Xinjiang 832000)
Abstract: In order to explore the effects of soil drought at different growth stages on photosynthetic
physiological characteristics and yield of different drought resistant wheat varieties. Taking “Xinchun 22
(XC22)” with weak drought resistance variety and “Xinchun 6’ (XC6)” with strong drought resistance variety
as the materials, under soil column cultivation and field conditions, five treatments were set up: conventional
irrigation (CK), mild drought at tillering stage (W1), moderate drought at tillering stage (W2), mild
drought at jointing stage (M1) and moderate drought at jointing stage (M2), respectively. The changes of
leaf chlorophyll content, leaf area index (LLAI), gas exchange parameters, chlorophyll fluorescence parameters,
above-ground dry matter accumulation, panicle weight and yield of wheat were studied. The results showed
that the drought-resistant variety “XC22” was more affected by water stress and its recovery ability was
weaker after rewatering. Only W1 treatment could recover to the level of stalemate with CK. Compared with
“X(C22”, the “compensation effect” of strong drought resistant variety “XC6” was more obvious after M1

treatment. The RuBPC enzyme activity, gas exchange parameters and chlorophyll fluorescence parameters
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could quickly recover to CK level after rehydration , which was stronger than other treatments. At milk
stage, the net photosynthetic rate (Pn), stomatal conductance (Gs), transpiration rate (Tr) and maximum
fluorescence yield under dark adaptation (Fm), maximum fluorescence yield under light adaptation (Fm’),
actual photosynthetic quantum yield (®PS [l ) and photochemical quenching coefficient (gp) of PSI were
significantly increased by 11.39%, 7.50%, 7.38% and 7.86%, 6.78% ., 17.24%, 2.48%, respectively,
compared with CK. Mild drought treatment did not reduce dry matter accumulation and yield of wheat, but
contributed to the increase of ear weight, and the dry matter accumulation, ear weight and yield of “XC6”
under M1 treatment were significantly higher than CK. The correlation and path analysis between photosynthetic
parameters and yield showed that yield was significantly positively correlated with Pn, Gs, Fm, Fm' and ¢p, Pn
was the most important promoting factor in yield formation. The recovery and maintenance of photosynthetic
physiological characteristics of spring wheat after anthesis were more strongly affected by water stress at
jointing stage. Under the drip irrigation model in Xinjiang, mild drought stress at the early growth stage was
beneficial to improve the photosynthetic performance of drought-resistant wheat varieties after rewatering,
increase the accumulation of aboveground dry matter, promote the transport of photosynthate to reproductive
organs, and facilitate the formation of yield.

Keywords: drip irrigation spring wheat; drought-rewatering; photosynthetic characteristics; dry matter

accumulation; yield
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“XC22” W2 620.6+10.6¢ 265.4+7.7h 0.434£0.028¢  0.70540.020c  0.624%0.015a  0.38320.010c
M1 734.6+10.5a 316.2+7.7a 0.51640.028ab  0.83440.022a  0.48140.015¢  0.653+0.010a
o M2 732.6+15.4a 310.2+15.2a  0.52740.022a  0.835£0.018c  0.480£0.004c  0.66240.028a
CK  796.6+£17.5ab  519.04-9.8a 0.60940.022a  0.81840.016a  0.44340.016b  0.693+0.014a
Wi 775.4%17.1b 492.8+14.1b  0.59640.022a  0.7854£0.010b  0.457£0.025b  0.6584:0.012b
“XC6” W2 709.24+28.6¢ 419.4+17.8¢  0.54540.020b  0.73540.009¢  0.496+0.016a  0.58940.030¢
M1 800.6+12.7a 516.4415.9a  0.60740.,021a  0.82040.013a  0.4514:0.022b  0.6904-0.008a
M2 806.6+7.5a 522.8+7.6a 0.60740.030a  0.81940.017a  0.45040.006b  0.700%0.178a
CK  683.4%5.6a 787.4+7.4a 0.71640.0182  0.836+0.006a  0.31540.017d  0.6564-0.015a
Wi 661.6+8.3b 698.8+£20.8b  0.65440.015b  0.84740.006a  0.39240.010c  0.67740.030a
“XC22” W2 612.4410.7¢ 572.1421.0d  0.60140.019¢  0.773+0.018b  0.45240.005b  0.6134-0.019b
Ml 619.2+16.1c 603.8+£25.0c  0.6464:0.020b  0.7610.009b  0.448+£0.012b  0.65140.022a
- M2 581.6+7.1d 568.6+17.2d  0.56040.013d  0.71340.007¢  0.5300.027a  0.5644:0.006¢
s CK 839.4%+12.1a 693.2415.6a  0.734420,020a  0.84940.005a  0.3134-0.008d  0.7454-0.023a
W1 812.84+15.6b 685.4+17.7ab  0.71540.017a  0.8360.008ab  0.3460.017c  0.73140.020ab
“XCe” W2 792.618.7b 648.3%16.1c  0.63520.017¢  0.82940.007c  0.380==0.011b  0.71620.016bc
M1 843.24+10.6a 666.6+13.5bc  0.67340.010b  0.848+0.003a  0.357+£0.014c  0.73240.008ab
M2 763.64220.2¢ 643.8413.4c  0.608213.400d  0.80840.005d  0.41140.015a  0.7004:0.012¢
CK  1275.8+34.3a 741.2422.7b  0.77440.017a  0.85940.012a  0.448+£0.011b  0.6984:0.009a
W1 1269.2421.7a 795141482 0.76240.012a  0.858+0.011a  0.4394:0.015b  0.7024:0.011a
“XC22” W2 1148.6£24.2b 574.6+£27.8¢c  0.65320.023b  0.824£0.017b  0.516£0.016a  0.62140.011b
Ml 1226.2+39.2ab  785.2440.9a  0.736+0.028a  0.825+0.008b  0.49140.005a  0.677=0.012ab
. M2 1099.4454.7bc  592.8427.3c  0.58140.020c  0.79240.014c  0.513£0.008a  0.5730.017c
TR CK  1338.6426.9a 902.8443.1a  0.74440.,019b  0.85240.007a  0.4744-0.018ab  0.7444-0.005a
W1 1348.3%31.4a 903.2426.2a  0.7624:0.032b  0.855£0.008a  0.4640.011b  0.7474:0.009a
“XC6” W2 1291.6+23.2b 774.4416.7b  0.71340.008bc  0.83140.003b  0.52540.024a  0.69120.019ab
M1 1351.24:29.5a 916.4+34.1a  0.82840.012a  0.851£0.003a  0.4520.013b  0.7534:0.008a
M2 1261.8+42.1b 754.4410.8b  0.65240.022¢  0.828+£0.004b  0.501£0.014a  0.6424:0.009b
CK  1172.8433.2a 714.8+39.9a  0.52340.018a  0.751£0.013a  0.538+£0.011b  0.6684:0.016a
W1 1198.6+46.5a 721.2437.2a  0.54140.017a  0.74740.003a  0.53240.005b  0.67940.026a
“XC22” W2 977.8+81.2¢ 581.4+24.6b  0.45320.032b  0.629£0.004c  0.583£0.008ab  0.5924:0.008b
Ml 1012.6+48.7b 711442052 0.52840.021a  0.69240.009b  0.541£0.018b  0.66340.014a
LR M2 943.6+50.3¢ 485.4419.5¢  0.37340.019c  0.52340.004d  0.6544-0.017a  0.4744-0.004c
CK  1211.6£34.1b 827.3+£43.3b  0.57940.026b  0.783+£0.008a  0.575+£0.021a  0.6584:0.003b
W1 1236.4%23.3b 837.6+£28.4b  0.57340.033b  0.788£0.006a  0.575+0.009a  0.66724-0.018b
“XC6” W2 1209.3%42.1b 771.74£15.8¢  0.5504:0.008b  0.73240.005b  0.51540.012ab  0.65924-0.004b
M1 1306.84:20.4a 883.4+31.6a  0.67840.018a  0.78540.011a  0.45240.011b  0.70240.011a
M2 1114.5+40.1c 683.8+26.5d  0.45840.029¢  0.69940.005¢  0.596£0.005a  0.56740.007¢
C * * % * * *
T % % * * % %
CXT % ns * * * *

R BRI M AR 22 RSN TF/ING R R W) — A 3 I 300 TR — 5 b R ) b L R) 22 5 8 3 (p<C0.05) ;C M A, T S A 3 5 ns
FIRAL TR ] 22 AN B3 (p=>0.05) 5 » F/RAL L] 25 5% .3 (p<<0.05), T,
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26 THRBMEEFENTL

HH 2% 2 AL, b 13T T RR R B A A A
LB R AR FL B R . WA 5 AN R b B DL K
WA 9 A AR 38 5 /N 22 b 138 T 9 R 2R R
BE, W2 5 M2 b B EREAR 2 AR NE &4
BT AR B, “XC6”TEE K G T W B i
8 RE J1 3 T “XC227, “XC2271X W1 4b B AE7E FL
I . CK K, “XC6”7E M1 AR, S, 2UH
Hbu b3 o AR BR A At &b B B R R R 9.55 %6 ~
25.98% . W3R 3 WAL TE45AE A B, dhAh 5 A [R) Ab
B K HOAH AR RO /N 22 B R A Y,
M1 kb HBE S W 2538 2 A~ R/ 22 B X C227 78
M1 Ab 38R F 48 351 0 2L 2 300 Ak i o Al Ak 34 43 1)
FHEAN 19.21% ~ 37.97%,10.50% ~ 22.27% , 1
“XC6”FEFF A6 9 FnFL 2 M1 4b 3R 5 43 0] 55
b B AN 12.69 %6 ~33.70%,2.63 % ~17.01% , 7~
HAME T, “XC227 ) W1 5 CK AbHi % 3 AR %,
B 3 T H AL AL B, “XC677E M1 &b B 7 & & H
A B 5 4R R 3.86 %0 ~20.92%
27 AHEBAEGHUESHEFENHXEERS N

H AR WDE A FRIE S 505 )7 i 2Z (AR G 43 Hr
GR O AL H, 77 8 (Y) 5 FF 16 WL i o & 3% (Pr)
(XD VZILGE (Gs) (X)) G F e R4 R 98k
(Fm) (X5) SERB N R R 5%t (Fm') (X)) J6fk
SRR F B (qp) (X)) M 25 1E A0 56 10 5 i E] CO.,

WPE (Ci) (X 3) GERE R (Tr) (X)L hRE & 131
F OPSI (X ) KRN FRE(Fo/Fm) (X)L K&
A A K ZBNPQ) (X ) KR RBB/N. X, 5 X,
X X5 XM Z ) AR 2 E A OC B R X, Ak
BEAME. X, 5 X, X, X, X, 2ZH.X, 5 X,,
X5 X0 X WERBFEMEL. X5 X, 2BFIE
X, X, BREAMHELR, RUZILEH
TES 05 7= 5 A SR gk B B K & A4S
WM ECRRME R EHE,

FESCAFRIE S B0 7 B A G B ka2
A (AU 5 3 T PR S (YD) 45 7R R (XD B R A )
BIFEY=2371.164X, +2.278X; +3.069X, —1 283.826,
J7 T AH S 1k B4 S 2 KT L 3 B 58 2 2 5 1R 5K
ST 8 43 748 i Vo R I RN T e K PG R
JN T B KB 7 i S A S IR AR G

IR RRE S EUS P R AHE R T X
XM X5 Y MEZESEER IR EE R R
MRS AR RS RN CR, HES Pl
L3 AR (X X X o) % RS & (YD) Ry B AE
FHIFA — 80, #e 4 XHE KRR X > X > X5,
XXM X ¥k i e A E AR SEAE T, R OR
FREAXHE TN o AT FEAE I | ot & 3R (Po)
e R R AR BB AR T AR i Fr i B 3R (P
ARG RN T e K g 9 (Fm) BN T e K i
LRV (Em )X = AR 24 A,

K2 FAREERPARKSBETHESNZH LB TORRESFENTL

o AT Y BTE/ (kg « hm *)

.
i A e S BE] W T AL 1] L
CK 325.08+6.35a 1953.91+27.46a 6769.57+53.03a 13620.72+197.29a
W1 286.49+5.88b 1812.08+33.67ab 6521.87+76.08a 13558.364+207.63a
“XC22” w2 214.38+9.71c¢ 1665.84+48.03¢ 6275.04+27.89b 9843.554+179.53¢
M1 324.58+8.85a 1732.95+34.27b 6478.97422.59ab 12871.43+87.33b
M2 318.08+3.65a 1492.19420.58d 5766.88+41.21c 9713.51+68.65¢
CK 398.13+7.95a 2248.31+26.35a 6616.81+114.77a 12648.21+137.07bc
W1 382.85+t11.43a 2314.45427.98a 6554.39435.23a 13528.83+131.84b
“XC6” W2 229.23+4.85b 2037.70+42.53b 5834.82+70.24b 13364.47+153.03b
M1 384.08£3.37a 2145.05+81.11ab 6829.324+106.92a 14820.87+201.61a
M2 397.64+4.52a 1829.18£27.56¢ 5525.474125.27b 12230.09+99.68c
C * * * *
T * * % %
CXT * * * *
3 it i A LR N BEA NZE PSR B s BB AR AR, AR

3.1 AEEBERHARBEKS HETFEENEZHEF
Z4EM LAl BN
Mg R RAEY LA A B S 5O RE MO L 8 AN
S At R A E B R L o S R R D A AR
i 5 G RE A BRI AL 20 V8 FE AR T LAT Rt 28 3 1% i

g 2 A S AP Az 2K 43 kg B b e K S i 5 LA
By A R R B A 10 A T X T R — i ANz
SRR R 1 S TS R N o L A= e N (2L I i 1
AT RS F B — B, PR MR SRR XC227 7 W
M1 AAHETF LAL 588 & 550 34 CK W
% 19.70 % ~42.92% ,21.24 % ~35.78 % Fll 16.91 % ~
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Pt (S R

29.36%,10.78% ~33.54 % , 1 Pr 7 M 5 b Fh < XC6”
FE M1 Ab B 2 2 5 B CK B 35 BEIR 10.36 %0,
M WIAAAET LAT 5 RS8N CK LT &%
S KA Rl X XC22 7 B A K I AE SRR . K
Ja“XC22” Pk & B J1 55 T “XC6”, H W A R I
Ak A M O L A WL &b B 7E 42K S RE DK & R 15
e CKAM MK, T e S 0 BEI /N 22 g A K08 )
5RE FE A, AT “XC227,“XC6” E M1 4b B
TREAKEM SR &R CK 405 B E = m 4.80%,
10.52 %, LAI 855 CK 22 5 A i 2 (B AT 800k B 2H 43 531)
T 1.75%6,3.47% . 2 A R /N 22 X6 7K 43 B 36 e
() 22 S F 25 A A AR A AR oG, T
S aa T B AR AR AR AR B 3 T ) T A G
it , Gk S A0 B AL o AR AR P I L A U A
PERY AR AT i — P IR RIS .

537 45
£3 REEERBRAKS G FRES
NEWES R NE e/ b’
BT i}
L A i
CK 2483.20+11.08b  7919.49+266.31b 6857.13+138.43a
W1 2305.85+138.24b  7716.51+188.91b 6703.20+170.72a
“XC22”7 W2 2145.58+80.36¢  7157.294+182.04¢ 5192.55+120.42¢
M1 2960.19+35.47a  8751.32+80.86a  6303.36+49.43h
M2 2408.53+155.13b  7536.96+109.05¢ 4698.89+100.31d
CK 2118.11£51.73b  7389.99+153.28¢ 6714.47+82.43h
W1 2159.46£79.69b  7954.48+217.61b 6857.50+85.36h
“XC6” W2 2035.16+£42.32h  7076.324+245.04c  6629.26+91.92h
M1 2386.81+74.03a  8163.29+173.68a 7121.89+109.38a
M2 1790.96+15.98h  7134.05+143.24c  5889.54+113.25¢
T * * *
CXT i . i

£4 ROBEBUSFENMEMLRY

S8 X X, X; X, X Xs X Xs X, X0 Y
X, 1
X, 0.571"" 1
X, —0.169 0.102 1
X, 0.528" " 0.617° " —0.146 1
Xs 071777 0.835" " —0.008 0.512" " 1
Xs 0.202 0.483° " —0.043 —0.131 0.573" " 1
X 0.294 0.053 0.124 0.217 0.269 0.034 1
Xs —0.284 —0.038 0.294 —0.086 —0.078 0.074 0.155 1
X, 0.624" " 0.640" " 0.012 0.550" " 0.626 " " 0.402" 0.203 0.105 1
X0 —0.500" " —0.163 0.131 —0.348 —0.320 —0.170 —0.437" —0.084 —0.442" 1
Y 074377 0.6477 7 —0.091 0.324 0.838" " 0.659 "~ 0.355 —0.113 0.678* " —0.361 1

TE . o= Ml %« IR p<<0.05 Fl p<<0.01,
x5 AHMNEEHEXEEE BENSHRERLTEX
MEERAEFENERRYSAREY

FMR AkER ESREES K

E34 M XY XooY XY AN

X: 0743 0.468 0.336  0.095  0.476
Xs 0838 0266 0.191 0.152 0375
Xo 0659 0412 0133 0.236 0.373

32 AREEHNBARKSHEXHERNELS
A IR R Y 00
K38 22 51 AL S PAT AR e
fifp I S 2R DG S P RO R 5 2R R
PEMTZ G & RAL P 0 5 5 RN 5 &
B, /N B SRS B bk ™ AL R B F
SO 2R PR /N B A DG S VR I OK A BE
MG hF PR A . AL R R WL op K o o da Ak B
W2 5 M2 # 5 EFEAL 2 A fh Ff RuBPC B 15 1 A
USRS H AT R 5 B XC6” B 38 43t & 2 4L
(P \Gs . Tr)TEE 5 W RES K 5 2 X IROK S, BT 5
PESS A AN XC227 7 W1 Ab 3] K 1K 52 B8 T B0R

fH*XC6”7E M1 &b 3T B4 F F 52 /K J5 RuBPC i %
PSR SRS S B IR S R LR AT g
AN T) /N2 b Xof Tl 26 g 7 ) 22 S L L XC6 7 7 3115 3
T 25 2 U 58 36, WP T SR BURE sk . M1
Ab PR 55 ¢ XC22” 7 2 K 5 Wk Z RE . (H 4
“XCO"TEE B IR WL A RE Mk G 5 55, AT
W1 b3, M1 4B XA H 5 W RuBPC BG4 50 A
BNLNE e 2 AT E N

2% RS BUR A 1E A TCIHRET . T A 3L
J Wi B A ZR GE R G RE I W L A% 3 L RE R 4y T
L BREAVE S il B AR W 7 o 48 bR . A5
BN ETEAHE KG,OPSIL 5 Fo/Fm 1R R
e PSIT S I 0 S B o' Ak 2 16 M 1) 3 2248 4 2
E I SR LB ISP A TR T N ) SIS i R -
WA HE SR s, O R RE S M
0% v BE 30 X AR B 7 AR A e T A o R B 0
AR X C227 3 BE 9] A4 4 1 5 a4 H R
A SH G M R VOCS B B A T W0 5 5 1k
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02 2 B KT, T R AT AR O, 7 43 BE AR KO T
TR, T Az B0 5 5 () S A T T A5 R T R AR B K
JIES % ) FH B 5 4 AT Bh U WOk A AR B i
B PR G R X C6” [ M1 &b B8 7E FF A8 ] 4% 4 &
WIS B E CK K, H OPSIT 4 W1 1 CK 43
SR R 8.67%.11.29% . i FL A M1 4 B R
Fm Fm' ®PSII, gp 43l % W1 1 CK & % #2& &
5.6970,5.47%,18.32%6,5.2500 5 7.86%,6.786,
17.10%.6.69% , “XC22”7F W1 kb3 T % H Ath /K 43
o6 Ah B K 52 RE D R AR L AR R S AR R AR A
S A BRI RERRE S, “XC6”7E M1 Ab B AN
AL REAE & K5 IR B2 L AR T CK H B4 3% 4R
1o - AR08 3R B L A0 WDt A M AR

33 ARAEERHBARKSMENBEEENETY

BRREFF=EMNF T

K G375 e 5 W A ) T W B AR R R
K, BRI B, — IS B K o 7 A
T 77 g FK 43 ) 2803 4 e o FLAE I 300 e B3R b
AR I AN SBONE R AR 38 ) D ) AR R
ABFFE, “XC227 5 “XC6” 7E 43 BE W 1% B HL 8 I 1y
KA AL B (W) R, T4 BB BRI R AR IR AN
3 A AE R i W2 i M2 Ab B K G BT TR
ARG U W25, 2L, “XC227 1) W2 5 M2
AbFF B 1T 0 R R R R A3 A CK B
A% 27.73%6,9.62% 55 28.69% ,4.84 % , 1 “XC6” 1E
W2 il M2 kb B R L2 e B3 T R RS R
FHIREIKE 2 CK /K, B 25 30 B2 B8 1, O & 4%
F 5 1R 4k 9 %% 52 249 32 20 il xE T 55 Bt 5 SR
“XC227F W i 2, “XC22” 4 4L F oV W1 Ab3g
TREM E B CK /K-, i “XC6”7E M1 AL R #_E 35
T AR gy ) O A b PR 4R
9.55%~21.18%,3.86 % ~20.92 % . s -k & A 7E
BT RR T SAL R L A AL B o T
T, IRl i & R AR 1) K7 RL I e 52 L 4 e =
FHAEE T3 BE A 19 7K 43 e 36 b X 2 A4S SR A /)N
22 T o AR B RN TR B 5w BE R, “XC22 7 FE 4R
K A3 ka0 b 35 WK e T A 1R XC6 7 AE M1
Ab 3 B RE R I — 2 I AMERCR T A R 57
A H AL A B AR .

4 45 &

- TR U AR N O A A R I o A2
U360 R BE S AP RE J i I  RE 2 AS R B R
PEBR /N A A R (PR 55 R4 X K 4 T 38 1
W) 37 A7 7F 8 35 22 57 B 5E 1k 59 R XC22 7 78 4 BE )
2 18 K A3 b3 AL B (60 % ~ 65 U FC) T A #5388 i K &2
[ I S O R e S o WA 1 /A o Wl

“XCO6” T W54 B K 43 il 3 AL B (60 %0 ~ 65 % FO)
Ja BEAR AR e A BE S #E )5 Pn 4E451E 5 = K
L e 3 AT B e e, R P IH A RN

SE
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