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Abstract: To investigate the effects of different water and nitrogen treatments on photosynthetic char-
acteristics, yield and water-nitrogen use efficiency of drip-irrigated winter wheat during the grain-fill-
ing stage, a field experiment was conducted using the cultivar Yinong 22. Three drip irrigation levels
5 250(W,), 6 000(W,) and 6 750(W;) m’ »« hm ? and three nitrogen application rates 0(N,), 240
(N;) and 300(N;) kg * hm ? were established to analyze the impacts of water-nitrogen combinations
on chlorophyll relative content(SPAD), photosynthetic parameters, leaf area index(ILAI), dry matter
accumulation, yield and water-nitrogen use efficiency, and the response of each factor to yield was re-
vealed by path analysis. The results showed that irrigation amount and nitrogen application rate sig-
nificantly affected SPAD, ILAI, photosynthetic parameters(C;, G,, P, and T,) and dry matter accu-
mulation per plant (leaf sheath, grain and stems) from anthesis to 20 days after anthesis. Under
W, N, treatment, the above indices did not increase significantly with the increase of water and nitro-
gen supply. Analysis of yield and water-nitrogen use efficiencies revealed that yields under W,N,,
W,N,, W;N, and W, N, treatments were significantly higher than those under W, N,, W, N,, W, N,,
W,N, and W N, treatments. The highest yield was achieved under W, N, treatment(8 395. 88 kg
hm %), followed by that under W, N, treatment(8 208. 37 kg «+ hm ?). Irrigation water use efficiency
under W, N; treatment reached 1. 37 kg * m*, significantly surpassing that of the W;N, (1. 22 kg *
m *) and W,;N, (1. 23 kg * m ?) treatments. Precipitation use efficiency was highest under W, N,

"« hm %), showing no significant difference from the W,N, treatment.

treatment(33. 66 kg * mm
Both partial factor productivity of nitrogen(34. 20 kg « kg™ ') and agronomic nitrogen use efficiency(6. 08 kg *
kg™ ') were highest under W, N, treatment. Path analysis showed that photosynthetic characteristics,
dry matter accumulation and agronomic traits direct regulated wheat yield, and the direct effect values
were 0. 889, 0. 334 and 0. 137, respectively. Water and nitrogen input mainly affected wheat yield
through indirect pathway, and the indirect effect value was 1. 27. In summary, photosynthetic charac-
teristics are important factors affecting wheat yield, and water and nitrogen inputs affect yield mainly
through the indirect drive of photosynthetic characteristics. Under the condition of drip irrigation in
the Ili River Valley, taking yield and water and nitrogen use efficiency into consideration, the recom-
mended drip irrigation amount is 6 000 m® * hm™?, and the nitrogen application rate is 240 kg « hm*
(W,N,) is the optimal combination.

Keywords: Winter wheat; Photosynthetic characteristics; Water-nitrogen coupling; Yield; Water and

nitrogen use efficiency
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Table 1 Amount of drip irrigation and nitrogen application at different growth stages under different treatments
T ——
i E 4 Irrigation amount /(m?® « hm %) Nitrogen amount/ BEKEL R
JIs: (kg + hm—2) . Totl Total
Treatment @B SYBEW] R ZERRM] JTAEM  fE)m 10d ThRz0d  EBE R Loelen Tieee
Seedling Tillering Jointing Booting Anthesis Anthesis 10 days Anthesis 20 days Jointing Booting 3 2 T2
° . (m® » hm?) (kg * hm %)
stage stage stage stage stage after anthesis after anthesis stage stage
Wi Ny 750 750 750 750 750 750 750 0 0 5250 0
Wi N; 750 750 750 750 750 750 750 100 140 5 250 240
WiN, 750 750 750 750 750 750 750 120 180 5 250 300
W, Ny 870 870 870 870 870 870 780 0 0 6 000 0
W2 N, 870 870 870 870 870 870 780 100 140 6 000 240
W32 N, 870 870 870 870 870 870 780 120 180 6 000 300
W3 Ny 970 970 970 970 970 970 930 0 0 6 750 0
W3N,; 970 970 970 970 970 970 930 100 140 6 750 240
W3 N, 970 970 970 970 970 970 930 120 180 6 750 300
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23.13% . LA g5 AR W, BE K R it 20 7T Sk 3542
A&/INFE T 0 1 SRR AL i S K ORI 5% B AR T
YA R R R SCR N R E AB R, K
RABMNENELERSE T TY R E =N
T LU 51 52 i A /0 o HC b, i B Y 4 TR LG 45 S TR Ry
12.55% ~13. 83% . W, N, &b & %5 (13. 83%) ;

H-#4 Leaf and sheath
4.0
A
3.5 a a g
be 2 be b
a a a
bl | b b b

BRTYRBER

Dry matter accumulation per plant/g

AbPH Treatment

D ¥%. Grain

FERL Y 43 BC LE 91 8 FEL ol 32, 6200 ~ 35. 01X,
W, N, &b B 55 (35, 01 %6) 5 25 19 43 BiL L 45131 BT R
51.55% ~54. 44% , W, N, Ab B f 5 (54. 44%)
25 BRTIR T4 AR R o 32 K EUAL B 5 e G
HAE AR E 48 5 0y 40 e B 461 A8 e 48 /0 L 3 90 0T R
% F PR AR 1 52 T K

[CJZ Stem

At Treatment
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S+ B H A
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Fig. 4 Effects of different water and nitrogen treatments on dry matter accumulation(A) and distribution(B)

2.4 AEKBLERZLNEZMHRS BKEFHF
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M 2 AT LUE . T i R0 it R M H AR
X AR R A A AR R B R, AN [ K
RACB R AR G FEIAE 84. 10~99. 37 em, BK B
FEI7E 9.54~9. 78 cm, W, N, 4b B A9 B 25 1 B K
B W N, A B 2 38N (P <C0. 05) . 34 iiF 43 51 Ay
18.16 %01 2. 52% ., [] — i VE &t S 14 T . Bl 45 Jit
R BB In, 77 w B G H, Ho WN, AR
W N, &b 387 65 I 25 3 (9. 87%), W, N, 4b 3
B W, N, Ab #7155 35 18 (24. 38%6) , Wy N, 4b
PREE W, N, Ab 3™ 5 2538 0 (21, 41 %) ; it A
B P25 s N, Ab 3R 3477 e e i .38 7 875. 04 kg »
hm ™" B8 N, AR 2 48 & (18, 74 00) . [RI B3 fin
%V R 0. WL N LWL NL LWL N, R W N,
MR R ERT WN,.W, N, . W,N,, W,N,
W, N, Ab 3, A= o o s K B G WL N,
AbHE(8 395. 88 kg « hm “) % W, N, 4b#(6 333. 37
kg « hm ) ¥4 Jm 24. 57% . DL E&5 SRR, K
i U B R A B R B AR AN =L B K 2
T TR R R A 0N kAR A S L AR X
INFZ TR R .

®2 FEKELBTH®ES . BRKEFE
Table 2 Plant height, panicle length and yield under

different water and nitrogen treatments

height/cm length/cm (kg « hm ?)
Wi N, 84.10c¢ 9.54b 6 333.37d
WiN, 89.11b 9.58b 6 604. 20cd
Wi N, 91.67b 9.62ab 6 958.37b
W32 Ny 89. 09bc 9.55b 6 750. 03bc
W2 N, 97.83a 9. 70ab 8 208. 37a
W3 N, 99. 67a 9. 70ab 8 395. 88a
W3 No 89.56b 9.55b 6 812.53bc
Wi N, 99. 34a 9.75a 8 250. 04a
W3 N, 99. 37a 9.78a 8 270. 87a
F {fi F value
w 20,147 3.23 125.07* "
N 26,74 6.86" " 127.57**
WXN 0.62 0. 70 12.39" 7

W K3 5 N U 5 [ 910 B0 5 AN [R] S 8 3R 7 AR [R] Ak B il
ZSAE 0. 05 KFWF ;s » * . P<<0.01. T,

W. Irrigation amount; N: Nitrogen rate; Different letters
following data in same column indicate significant difference a-
mong different treatments at 0. 05 level; * % . P<C0.01; The

same in table 3.
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P2 3 AT i EE ORI i AR B L A S
T8 7K ) FH 285025 6 7KORIFH 280 53 46 48 B 19 5% i) 29 4%
3 (P<0. 01), Fifi %5 i VE 5 1 35, o W 7K R
FHRCR 2 e TH 5 Ja B AR 0 8 35 (N, BRAM . WL N,
MW, N, b 8 E KT H Al kb B, WLN,
W, N, b ¥R, H W & m T Wy N, W, N, Zb s,
N 12, 30% .13, 82% ., W, N, kb3 & 7K F)
R R . ik 33.66 kg «+ mm !« hm 2, [fiJ5
WK N WoN, \ W N, F1 W, N, &b B, 45 B K F)
R R 5 A A A B CW N B89 43 5 R 32, 57 % .

30.60% .30. 29 % 1 29.62% .

R EFIHERIA N W N, . W, N, W,N,
MW, N, Zb P& =T WoN, W, N, 4b#E, &
JIE i A 7= 1 R Bk WL N HT W N b3 5 3% i T
W, N, W, N, W, N, #l W, N, Zb3, 754 [ 3 3
BAIET LB W, Ab BT 9 U8 AR 4 F) T R Bl &
Jit 0 H (8 388 f0 T B i A G A Ak 3R RIS A 2 R
FH 2 FANE A A= 77 77 ¥ W 2 il 20 S 0 185 0 i
fiK. F—iissEh, W, & W, &b 3§ %8
NE A 2200 RNE A A= 7 0. W, 5 W, &b B TE] 4
B A 200 EE A A 7= ) 25 RN

R3 TRLETHEZMNEXEFARE

Table 3 Water nitrogen utilization efficiency of winter wheat under different treatments

THE WK R R
Irrigation water use
efficiency/(kg * m %)

' KK
ik Total irrigation/
(m® « hm %)

Precipitation use

e K L 8k FL A 2 7] A

Agronomic nitrogen
use efficiency/

A A= 7 1
Nitrogen partial

efficiency/ productivity/

(kg * mm~! « hm™?2) (kg * kg™ 1) (kg = kg™ 1)
Wi N, 5 250 1.21d 25.39d / /
WiN, 5250 1. 26¢ 26. 48cd 1.13b 27.52b
WiN: 5 250 1.33b 27.90b 2.08b 23.19c¢
W; N, 6 000 1.13e 27.06be / /
W, N, 6 000 1. 37ab 32.91a 6. 08a 34. 20a
W;N; 6 000 1. 40a 33. 66a 5.49a 27.99b
W3 N, 6 750 1.01f 27.31bc / /
Wi N, 6 750 1.22cd 33.08 a 5.99a 34. 38a
W3N; 6 750 1.23cd 33.16 a 4. 86a 27.57b
F 14 w 59.20" " 125.25" " 52.35" " 170.47 "
F value N 121.68" " 127.75"* 134.01° " 10 400.76* *
WXN 10.16* * 12.417 7 15.23" " 47.627 "
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g e it . KRB A A R T iR
B LA R R 2R T R
FEARAE D E., KARA AR
T4 R 2R RN A 25 RO 7 1 L N (E
539 A —0.396.,0. 889.0. 334 Fl 0. 137, XJ y=
RGN BTER 19 —41. 08%.92. 22% . 34. 65 % I
14. 21 % K BN OGE FbE T BT 2 2 %) ™

YRRV AE 43590 R 1. 27,0, 28 F1—0. 02, (5 X}
R B AKON BT Y 83, 20%0,18. 04% 1 —1. 24 %
(RO RPEERHEEELZWTYRMAR KL
PR = ) BB R P L K AR A T A 0t 0K
AR i AR AL AT O A
R B AT W AR e R A B 5T 0. 926, b R
fLA BE (0. 974) iRy T R4S £ (0. 964) 2K A
SSE=E SN TN o Al /T A
0. 947, At T BT AL R (0. 976) X T
Yy o RS 0 A R ) R ik, 3R WD A O T
T4 10 OC B 2% B s MR (0. 933) AT K (0. 888)
) 3807 50 v o G P R R X A 2 IR A BT R s A
TRk B it &K OF (0. 773) FEi% K - (0. 634) B
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Drip irrigation

TR TR

N application A BEGOF=0.859

0.773

0.634

b p KREZA

P, Water and N
SHTE

G,

JRIECO M
c Plet 2
0 Photosynthetic
. characteristics

B R

T,

q S=N
SRS SEE FHRBRR REHR
Dry matter Agronomic R*=0.821
accumulation character
HERIR
LAI
0.888
TYERE || TOHER TYFRRE ¥
B || R || o oE Ol B
Dry matter matter Dry matter .
accumulation-| |accumulation- | | accumulation- height length
stem grain leaf sheath

[ JE2 AE v i) 738 5 Ry 0 78 o L B HE Hh 0 78 o Ry W A K AR A DA R LT W BB SR A R 2 MR A 2 ) Y Sk % A R OR B

TRAg 1), LR AL R R B AR R BRSBTS R R R IE L B S B E R R R GRS R R
P55 Sk A )RR B AR R B RERAE, x . P<C0.05; % » ;P<C0.01; * * % ;P<C0.001,

The variables in the circular box are latent variables, and the variables in the rectangular box are explicitvariables. The arrow con-
nection line between water and nitrogen input, photosynthetic characteristics, dry matter accumulation, agronomic traits and yield repre-
sents the path direction; Line thickness represents the absolute value of the path coefficient; Black solid line and the hollow line represent
the positive and negative of the coefficient, respectively, and the number next to the line represents the path coefficient. The arrow point-
ing between the latent variable and the explicit variable indicates that the latent variable is represented by the explicit variable. * . P
<20.05; * * ; P<C0,01; ¥ * x ;P<C0,001.
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Fig.5 Structural equation model analysis of different factors and yield of wheat at grain-filling stage
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Table 4 Effect decomposition of each variable on yield

B R Direct

[8] $£ %0W Indirect BN Total

&k
Index B 1E i A {E g LA di bk
Effect value Proportion/ % Effect value  Proportion/ % Effect value  Proportion/ %
IKAHA L as . ) o
Water and Ninput 0. 396 41.08 1. 27 83. 20 0. 877 35.16
G R y )
Photosynthetic characteristics 0. 889 92.22 0. 28 18. 04 1.165 46.71
) e
TR R ik . 0. 334 34. 65 —0.02 —1.24 0. 315 12.63
Dry matter accumulation
e e
A ZIER 0.137 14. 21 0. 00 0. 00 0.137 5.49

Agronomic trait
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AR THE AR K. A AR5 R W], 2
IK AR 3K B — 5 B A S . Ak 2 MK B A A
et E LA AR, 2 S S EHE Y LG FE
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FEVE IR I RE 2 /N 22 0 A K 2 0 T R AL e A, ik
T P R AT W A A /N 22 LAT R i AR
B X 52 IE MG SR AR B A o 45 SR —
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