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Abstract; In order to investigate the effects of groundwater depth and nitrogen application rate on grain

filling characteristics and water and nitrogen use efficiency of winter wheat in North China, taking Bai-
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nong 4199 as experimental material, groundwater depth (GW2:2 m, GW3:3 m, GW4:4 m) and ni-

trogen application rate (N300: pure nitrogen: 300 kg/hm®, N240: pure nitrogen: 240 kg/hm*) were

set to evaluate the effects of groundwater depth and nitrogen application rate on winter wheat yield for-

mation, grain filling characteristics and water and nitrogen use efficiency. The results show that the

1 000-kernel weight of winter wheat is significantly positively correlated with turning point, the average

grain filling rate and the grain filling duration. Path analysis show that groundwater depth mainly affects

wheat yield by influencing grain weight per plant, spike number and kernels per spike, the direct

standardized path coefficient of groundwater depth on yield is 0.334 (P<0.05), and nitrogen applica-

tion rate indirectly affects wheat yield by influencing grain weight per plant and spike number. At the

same groundwater depth, NPP and WUE of N240 application rate are significantly higher than those of

N300 application rate. Therefore, the nitrogen application rate of 240 kg/hm® is recommended for win-

ter wheat high yield and green and sustainable agricultural development.

Key words: winter wheat; groundwater depth ;nitrogen application rate ; grain filling characteristics;

1 000-kernel weight;yield ; WUE ; nitrogen use efficiency
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Fig.1 Change of 1 000-kernel weight of winter wheat
after flowering under different treatments
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Fig.2  Change of filling rate of winter wheat after
flowering under different treatments
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Tab.1 Characteristic parameters of winter wheat grain filling under different treatment

Grvard © Gt - W .
Qb3 Logistic J78 R 1/d 1/d Avd mea (mg max (mg may/ (mg D,./d pyd
(Rid)y=H  (Rd)"hH i)
N240GW2  y=48.954/(1+41.669¢70-230x)  0.999 9 10.484 21.930 11.446 1.353 2.816 24.477 16.207 36.175
N240GW3  y=44.471/(1+35.844e70235%)  0.999 9 9.623 20.827 11.204 1.279 2.614 22.236 15.225 34.772
N240GW4  y=48.263/(1+27.973¢70-215x)  0.999 8 9.373 21.631 12.258 1.308 2.593 24,132 15.502 36.886
N300GW2  y=51.085/(1+34.077¢70-212x)  0.999 9 10.428 22.848 12.420 1.334 2.709 25.542 16.638 38.305
N300GW3  y=49.965/(1+32.678e70220x)  0.999 8 9.878 21.869 11.992 1.358 2.744 24.983 15.874 36.793
N300GW4  y=49.437/(1+24.963¢70-209*)  0.999 6 9.078 21.660 12.582 1.325 2.587 24.718 15.369 37.319
e e 7 = > LK > =X =1
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Tab.2 Yield and yield components of winter wheat under different treatments

b ¥ L/cm K /KL E/A S,/(10% - Hhm™2)  B/g G/s K./g HI Y/ (kg + hm2)
N240GW2  7.90+0.28 a 25+3a 20+1a 478+33.39ab  2.82+0.12a 1.34+0.13ab  48.20+0.83bc  0.48+0.03ab 5280.42+22.69ab
N240GW3  6.91+0.47b 19+3b 18+2h 334+44.36d 2.22+0.14c 1.07+0.06c  44.02+0.93d  0.48+0.03ab 4863.54+71.76d
N240GW4  7.46+0.31ab  21x3ab 18£lab  346+32.74d 2.55+0.05b  1.13+0.06c  47.41%1.15¢c  0.44+0.03b 5002.50+22.69¢d
N300GW2  8.00+0.40a 25+4a 20+lab  515+32.72a 2.91+0.14a 1.44£0.08a  49.99+0.73a  0.50+0.03a 5419.38+277.92a
N300GW3  7.75+0.39a 22+2ab 18+2ab  452+38.78bc  2.70+0.21ab  1.2420.04b  48.98x1.44ab  0.46+0.02ab 5183.15+45.72bc
N300GW4  7.83+0.39a 21+2ab 19+1ab  405£20.75¢ 2.48+0.15b  1.12£0.04c  48.4120.51bc  0.45+0.02ab 5141.46+22.69hc

N 7.94% * 1.20 0.29 25.58 % * 7.92% % 827" * 41.88* * 0.05 15.75* *
F{i GW  542** 5.74%* 3.49 28.67 * * 18.63 % * 31.46** 14.11%* 4.17* 17.66 * *
N#GW 2.03 0.62 0.78 2.94 7.43% % 3.09 9.13* * 0.65 1.58

T R R A AL P e b 2% ; R [R)NG ) B+ R R AL BRIRIAE 0.05 7K 28 5 BATGETH 208 35 o 12 0.01 AP 22 R B Gt 2 L, TR

FE N300 Jiti KT, 7 5 Bl o R 7K HE R 11 3
T B, Herh b 3 N300GW2 fi 2 K T N300GW3,
N300GW4 , {H 2 40 FH N300GW3, N300GW4 2 [i] 2%
ANEA G2 5 X 16 N240 T BOK -, 7 s T
TRIERAR A R B/ IMR IR AL B GW2, Ab B GW4,
AEFR GW3, R ARBE GW2 WL E KT GW3,GW4,{H

AP GW3,GW4 Z 1) 2 5 A HAT G ih2 2 A
R K HE TR R, N300 Jifi 0 K °F 4b B GW2, GW3,
GW4 /NZZ P43 I e N240 i /K ST AR R T 7K B
AL PR 2% , 7% ,3%.

Jits 280t b AR /N K 2 B A
FEom | H U g A8 B FEG TG 355 A (] b
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X PR ) BRI AR R AR 0.334( P<0.05) ,
it 2R et T BT E Ao S M BRI ESOR (W) 42252
M .

T3 NFAHNE R Y TR SRS
GO EPSARTEAE N ETIPSIVANY Jhe = SEE/STE 3 S
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FAEMSE, 5 TR0 A | o T I T R AL o
W, 825 TE A5G 0/ 22 PR T 5 45 TR [ s T
NP /NS TR i i R T R T R IR L S
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Bt PR R G, JEIRIFE ] P, 5D
TEARSE 0] T Ao R o - 42 T R A R IR S
() i v /N A2 ToRL T, BEITA 3 427 H Y.

PR3 Al i 3R 0 7 R W) ) 445 ) 5 AR A A
SHT(P,=0.469, X*/df=0.956,GFI=0.973,
CFI=1.004,RMSEA=0)

Fig.3  Structural equation model analysis of effect of

nitrogen application rate and groundwater
depth on winter wheat yield

R3 J[RENETE THRESERSHNBEXSHT

Tab.3 Correlation analysis of yield,1 000—kernel weight and filling parameters of winter wheat under different

treatments
EELD t ty At Gnean 7 max W inax Dnax Py K, Y
K, 0.366 0.910 * 0.697 0.824 * 0.436 0.999 * * 0.735 0.905 * 1
Y 0.682 0.945* * 0.415 0.786 0.651 0.884 * 0.920* *  0.760 0.896 * 1

2.5 ZINEKEFARE

34 AN AR AR R, o w,
SR, W, R TR &, AW SH R I
KESWERIG H K S 258, W, S BFEK &,
NPP JRICAR 77 1, WUE Rk A3 RIHRCR i 3 4
AT, Hi T 7K BRI 20 B 6] /N 22 b T 7K R A
SRR AR B A et 25 5 S o R KR i
INAE IR K R0 3.70% ~ 10.38% ; Bt 5 L F 7k
BRI, Hb R K R 32 0 D, AN [R) R K
Rz 2R BA51 %58 A GW2, GW3
T, N300 Jift 0K -1l 7K R FH o 3 5 2 S T N240
Jiti K- b K SRR i R i e K A HAE Y
PN AW S B o243 X AW B Rt T
K HLR i 186 I g 4 n, 2B FE N240GW2 5 N240GW3

ZRZERARAG T8 S, AR & A2 ] 2 5
YIEA G 5 S R K B AR [R] s, N300 Jiti &
IR BFE /K T N240 it BU/K - it &L A R 7K
HRRNT N RIE I A= 7 00 F0 WUE 5% il BAA Geit
PR BB EAEMNBYARA G G H
1 N240 Ji 2 K A GW2, GW3, GW4 /N4 AR
i A 7= 41 43 ) He N300 Jiti &K F N & B E
21.79% ,17.29% , 21.62% ; 2 A~ Jiti Z K¢ T, 4b B
GW2 RICR A" )1 34 i 2 = F GW3, GW4  {H &4
B GW3,GW4 Z i 22 5 RN B A Gt 22 & LN E
WUE 352 B A BE T 7K IR A 3 I T R ; b T K
HRZRAH R, N240 Jiti 2K -F- WUE Y418 3 5T N300
it K i N240 it 20 it 7E QR FFHRR R 1 77 i R, K
R IR b .
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Tab.4 Water use efficiency and nitrogen use efficiency of winter wheat under different treatments
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QhER W/ mm W/mm AW/mm W/ mm NPP WUE/ (kg » hm™2 « mm™!)
N240GW2 225a 23.49+1.26b 4.70+3.16e 253.20+4.15¢ 22.00£0.09a 20.86+0.43a
N240GW3 225a 14.00+1.83d 6.99+1.00e 245.99+1.98¢ 20.26+0.30b 19.77£0.37b
N240GW4 225a 8.82+0.84e 35.72£4.28d 269.54+3.63b 20.84+0.09b 18.56+0.20¢
N300GW2 225a 26.59+2.85a 46.57+6.15¢ 298.16+5.23a 18.06+0.93¢ 18.18+1.08cd
N300GW3 225a 17.40£1.58¢ 55.92+6.81b 298.32+8.38a 17.28+0.15d 17.39+0.63de
N300GW4 225a 9.46+1.42¢ 66.78+5.38a 301.24+4.62a 17.14£0.08d 17.07+0.29¢

N — 1.12** 417.46 % * 434.58 * * 456.15* * 85.36 % *
Fii GW — 167.77 * * 60.82 " * 14.73 " * 21.99 * * 17.43% %
N # GW — 1.50 6.83" * 8.56" * 2.98 2.28
AJ A
3 4 i’

3.1 MEERBUERFEXNE

T HEAE R 3K Gy 25 /N AR A R IR
1Y AR AR R i A T RN
TR, X5 R A B A R — K, X R
SRR 7 AR 1 SR A A T PR I R R S
6] Av RN FRSEmTE] P, .t A R /N2 TR
Jr e Bt T KRR AR A A — 2, R R KRR
F/IN | ZINAZ TR BT i AR 32 TRy e K B R R
AN MR K] BN R Z IS K R A
AR IK AT NINTE AL, VE S AR5 i /N FE AP I 3
TR F TS IR ) DR R AR T T D
FEVESORPRL T4 B R B A v e g K
ARWFFE R, 1T KRR T /)N 22 T SR 1 1 )
0453 40 ¢, AB/0N  U50 IHDRSH T ST B 1 R 7 3 ] i
SEFCAEY A MR K s N 2 T R E
PR T A ATRHVEE S I 3¢ 1 1) 1 340 T 3R R R R A
o TR 11 S B 38 Y 17 it 2R A B /N 27 T
PRI | $2 R TR S TR Sk e 2 v 1 TR
J At T8 WA R AT R, TR a5 PR 1 R
B 0, CPHESRGER G, JERFEET ] P,
I 0 TE R O ORT S g B R /N A2 O S R
VESRP SRS 0) P, SRR /N TR i, F T A 3]
7 H S B KRR /A P B T KRR 3
Ty 0 A ST A B U A TN R
it b /K SRR B8 TR, 33X 5 55 240k 50 i B
52 ANE 4 Bt BB FE o B2 B, R KSR AN
Jit 8 T Bl g R pH (E AR IR S A
S [R5 R 7 2 5 7E N240 i ZUK R, /NEE =
KEMER AL HE GW2,GW4, GW3, X T8 2 [H
AP GW3 1Y pH (H 12 # = T GW3,GW4, pH {H5 1
VERIXHIK 73 FNF% 43 WA

P4 I RO 7 A 5 e 1Y) 254 7 R AR Y 3 Ay
(P,=0.463, X*/df = 0.9439, GFI = 0.999,
CFI=1.002,RMSEA=0)

Fig.4  Structural equation model analysis of soil pro-

perty on winter wheat yield

JINZZ 7 e 260 1 1 o 22 2 B ek D 1
R E B A A 3 TREEYE R K 5 A
AR B L T R, SE B 5 Y g R
N300 Jifi K-/ INZE 7= 359 8 F N240 Jiti Z K7, 1
JEAFEALFE GW2 T/NE R HA SR X,
Hoh 2 AR KRR T 22 R R BB G #E X
XA BB A PR A it iR A 275 keg/hm B /N2 HF
U IR PR AR A A B i R R
EXT VY a0
3.2 MWENEREF AR

K53 it L B A2 5 e VR ) K BRI FH AR Y
BRI Y MR KRN T 0.4~ 1.5 m B HB T
KXFVEY H T 7K B 1 5Tk R it 65% . AF 5T &
1,2.0~4.0 m Hi /KRR B P, T 7K R 4 o
INFEE B A K1Y 3.73% ~ 10.49% ; Bl % b T /K
HRESE TN, db K R = A . 2 A it A
/NFZ WUE Bl 7K HEER A 38 T FAAL 5 1 T /K PR
AHIFI , N240 Jiti ZKF-/N2 WUE Y9757 N300 Jifi &
I3 22 1 RS 4 5 BUVE P BT R I 0%
I, ZRMAFE IR B IE 1Y b, & i T K AY
FRER TS Y S ARG DR, 338 224 9D At [ st
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WA A K B, 25 7 AR B W] K I RS 2800, /)N
A2 xR B 7 BT e s A A A KR
i LR R K EUR SR 1 O 2K AR 5T 3R BT, N240
it B K-/ N 22 BUIE D A= 7 0 34 1835 15 1 N300 Jifi &
K, X5 5 AR g — B X B R
JIES i P 358 U 57, D i 2 vt 2L 1 4 A0, g RS 2
BB R 0 7= 3 i (HR) &3 4 B L.
N240 Jiti K-/ N2 K BRI RCR B, Bt T 7K
TR T 4.0 m I, 1R AW A= 4 52 0 ] 2200 | i
TEHL R /KB KT 2.0 m HBIX i 2l % 240 kg/hm* 1]
7. 32 S A BRI AR AN R T it R R
JKHRGR 2 PR R I K B X /N 22 2R K RKOIE
FFHRCRR B2 | A 1 46 v W 78 K il g A
2 DA RT3 7K SR /N 22 o IXCHE K £ it A
i, PR NZ AT i e

4 % it

1) /NZE TR0 5 R G K A B ] 453 73
M R PEAR RS A] 2 AT E.

2) MR KHE PR A B R a5 i /N 2 RRR AR
Jor e A R BSOS i 7 1Y, i K R
TR Y B RERR ME AL AR R BN 0.334(P<0.05)
Tl 20 e = 2 e 52 M) AR AT B S AT R SOk
[ 42 5 ] 7= i T oK.

3) MR KA & L NEE R R OKED
3.70% ~ 10.38% ; T 7K HE R AH [ B, N240 i 07K
SEEAE m A== F1 NPP K5y R FHACRE WUE Y558 3%
= T N300 jifi K-

25 AT Rk R R i 2 R A DA 20%
FIAT  AEHE P KB R T 2.0 m ML IX /N A2 g 72 Fl A
b 2 ] RESE K R i U N 240 kg/hm”.
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