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Abstract: The purpose of this experiment was to investigate the effects of groundwater depth and nitrogen ap-

plication rate on grain-filling process and water and nitrogen use efficiency of summer maize. ‘ Huaiyu 208’ was

s B H9:2022-04-12 &2 2 #8:2022-06-07

EETH A FHE O H (212102110233) ; B4 E S0 & 32150 H (2017YFDO800605 ) 5 H 9 4% 2 5 P FHFF 5 T B A BT Al 55 2%
(FIRI20210102) ; [E 5 A SR FH# L &0 H (51679241,51879268)

YEEBT - HI5 5 (1986-), %, W B B BH A, W58 25, B BRAIF 2T B, 32 20 DA 3l 7K 96 U8 5 7K 2R 5% O T 9 0F 58 T/, E-mail;
baiffang0921@ 163.com

BIE1EE P2 (1963-) , 5 B P BN 5T 61, 2B IRl /K W U5 AR A T 8 45 7K % R 22 2 R 98 T . E-mail : qxb6301@

sina.cn



%6 107 9555 < 1R K BRI S0 i 0 2 KRS AR M KoK SRR AR 3R B 52 ) 91

used as the experimental material. A two-factor experiment of groundwater depth and nitrogen application rate with
randomized block test method was adopted based on a large-scale lysimeter. The experiment was conducted with
groundwater depth (GW) of 2 m, 3 m and 4 m and nitrogen application rate (N) of 300 kg + hm™ and 240 kg -
hm™. Results showed that: (1) The 100—grain weight of summer maize under all treatments showed an S—shaped
curve with the days after flowering. Both nitrogen application rate and groundwater depth significantly affected the
100—grain weight of summer maize, but the interaction between them was not significant. Under the same groundw-
ater depth, the 100—grain weight of summer maize with nitrogen application rate of 300 kg « hm™> was significantly
higher than that with nitrogen application rate of 240 kg « hm™. (2) The grain filling rate of summer maize under
different treatments showed a “parabolic” trend. Logistic equation fitted the grain filling process of each treatment
well. The 100—grain weight of summer maize at harvest stage was significantly positively correlated with the grain
weight at the maximum grain filling rate, and the average grain filling rate of summer maize. Groundwater depth and
nitrogen application rate had a significant interaction effects on summer maize filling parameters. (3) Groundwater
depth and nitrogen application rate had a significant interaction on summer maize yield, and N300GW4 treatment
had the highest yield, while N24d0GW3 treatment had the lowest yield. The yield of summer maize was positively
correlated with ear length, ear diameter, 100—grain weight, ear rows, grain numbers per row and grain numbers
per spike. (4) Nitrogen application rate, groundwater depth and their interaction significantly affected the partial
nitrogen productivity of summer maize. Nitrogen application rate significantly affected summer maize WUE, but
groundwater depth and their interaction had no significant effect. Both the nitrogen use efficiency and WUE of sum-
mer maize under N240GW4 treatment were the highest. In conclusion, groundwater depth and nitrogen application
rate had significant interaction on water and nitrogen use efficiency and grain filling process of summer maize. The
N240GW4 treatment is the recommended agricultural green and high-yield production mode.
Keywords: groundwater depth; nitrogen application rate; grain filling; nitrogen partial productivity; WUE
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maize after flowering under different treatments
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Table 1  Characters of summer maize grain filling parameters under different treatments
4R Logistic 772 ) o O . Winas
Treatment Logistic equation R n/dn/d A/d e/ (mg d ﬁr?m ' /(mg ('rgl“)”n l /(mg + grain™") Dyu/d - Prd
N240GW2  y=29.109/ (1+37.965¢%1%*)  0.9918 18.526 39.562 21.036 4.428 9.112 145.545 20.044  65.742
N240GW3  y=29.016/ (1+66.249¢™%14 ) 0.9952 20566 39.399 18.833 4.618 10.145 145.079 29983  62.838
N240GW4  y=31.025/(1+56.914¢7 013" ) 0.9986 20.805 40919 20.114 4.704 10.157 155.123 30.862 65951
N300GW2  y=31.260/(1+71.614e70136") 09973 21.644 40941 19.297 4.812 10.667 156.302 31292 64.957
N300GW3  y=31.531/(1+69.451e™%13%) 09936 22.047 41910 19.863 4732 10.453 157.656 31979  66.630
N300GW4  y=31.877/(1+46.109¢™1%)  0.9979 19.476 39.881 20.405 4.883 10.287 159.384 29.678  65.276
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Table 2 Spearman correlation analysis of summer maize yield, 100-grain weight and

grain filling parameters under different treatments

b b 53 At Grean W oo Dy p ﬁ*i}ﬁ E. FE it
Index 100—grain weight  Yield
f 1
ty 0.829 " 1
At -0.600 -0.086 1
Grean 0.371 0.543 -0.086 1
Gax 0.771 0.829*  -0.371 0.829" 1
W s 0.314 0.657 0.257 0.886 " 0.714 1
Dy 1 0.829*  -0.600 0.371 0.771 0.314 1
P 0.314 0.600 0.486 -0.029 0.086 0.371 0.314 1
Eﬁ)ﬁi 0.314 0.657 0.257 0.886 " 0.714 1.000" "  0.314 0.371 1
100—grain weight
7 Yield 0.257 0.600 0.371 0.771 0.543 0.943* " 0.257 0.543 0.943" * 1

e« Fl = A3 HIRIRTE P<0.05 Fil P<0.01 K FAETER EES ., T,

Note: # and * * represent significant difference at P<0.05 and P<0.01, respectively. The same below.
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E A1)

M 3 A iU M S KRR I SR AR
FHB 2520 Bk = i, Ho N300GW4 A3 oK
() P B g, N240GW3 b B A 7= e 1K, N300G W4
AFE K 7 m T N240GW2 , N240GW3 Al
N300GW2 Kb {H 5 H A AN > (8] 25 5 K 2%, [F)
I, bR /KRR AR ] B, N300 it 07K - K = 2
5T N240 Jiti Z K-, o N300 it /UK GW2,
GW3 . GW4 LhH =1 43 5| b N240 Jits /K 7~ AH

HF K BRI B 0. 35% ., 14. 08% | 2. 60%; H:
N300GW3 b F i 3 &5 T N240GW3 Ab B, 41 F
JK IR N300 Jiti Z K P K RK B3 KT
N240 Jiti B K- 7 2 N EUKE R BRIy GW3
AR AR B, o N240GW2 \N240GW4 Ab P
KB K 2T N240GW3 43 N300 jiti & K -
TEABRKZEZERARE, MRERE T, EREHR-
PI B b T 7K SR B4 G 0 T 3G, L N240GW4 Ak
PR 2 = T N240GW2 Ab HLT N240GW3 4h B ; 76
N300 Jiti & AKF T, 45 4k B 2 [a] T oK FEOH TG i) 3 22
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5o MU KR it AU T S HAE R KR
REH T B ELW, FUAEERRRKER AR
F A E KT T BRF AR KRl T K R ARk
FABA 5, N240 T ZK T T, ERFRK P T
KRR (4 1911 7 A 5 N300 i UK SF T, E ok TR 4R
KAE GW4 MEFEF F ok, GW3 AL FE T &/, # Rk
TR A R B ) OK R i, H E A
VEFIXS L5 e A B 2 bt 260 0 B OK A BT 80
B3R (R K R B — 38 B D oK
MATEUA IO R, Horb N300GW4 Ab P R 3 1w
T N240GW3 Ab#, Fox 45 Ab 3 2 6] TG 1 3 25 5=
Jit 288 i B 2 R ) R K B A TR, (H R T K R

CW4 LbFATRIET ) e N240 Jiti &K R AR 3 F
JKIVR i 2 7.14% (11.08% . 5.25% ; Jiti & & W 5
SR K RO I, bR KR S 3 S e EOK 1
FERLEL, (0 — 35 22 HAE X B K OB ELOG 8 3% 3
Wi b T 7K 35 AH [ s, N300 it 7K S K fiok %
P 35 5 1 N240 Jiti ZUKF-, Herb N300 Jiti 20K T
GW2 .GW3 GW4 A BRI £ 53] b N240 Jifi Z K-
AR LR K B 15.019% .30.99% | 12.54% 5 1E
N300 Fl1 N240 jiti KT, R A RN TE GW4
REFT e, AR E K i 5 i s R 1
Spearman FHICIMT (35 4) iE—0R W] B BT
W AT B AR BB RO (3 5 e K

R ZF A H AR N E R AT R A TC B3

Wi o L

TKERTRAHIE N, N300 it K £ KA TR 5 T
N240 MUK P, F N300 HERUK T F GW2,GW3

K3 BREFXFERFEMNER

Table 3 Summer maize yield and yield components under different treatments

2 AR E 0 0.547 ,0.535,0.730 ,0.614 ,0.544
0.816, [FIII, b T 7K H R A i 80 & X5 5 2K 7= B 52 il
S S S GBUR Ok 0 ) NN AT LN T S

1< ) BN A==y o s Tk K
fb SN i m.;kk ERT bt WA ﬁ*véﬂl/ hi iu\'*\/";ﬂl/ i P Yield
Ear length Ear diameter ~ Bald tip length 100—grain Grain numbers  Grain numbers o
Treatment . Ear rows . /(kg + hm™)
/cm /cm /cm weight/g per row per spike
N240GW2  14.60+0.29b 43.85+0.51b 1.43+0.33a 28.49+0.60c¢ 14.5+1.73ab 32.67+2.0bc 451.5+44.03cd  8796.06+254.69h
N240GW3  13.83+0.46¢ 44.63+1.64b 1.10+0.81a 28.41+0.49¢ 14.25+1.26b 30.83+0.84c 413.00£40.63d  8009.56+192.23¢
N240GW4  15.03+0.57b 47.15£1.43a 0.93+0.62a 29.71+0.34h 15.50+0.58ab 33.33+2.09ab  492.5+45.89bc  9073.98+374.17ab
N300GW2  16.20+0.0.27a  47.16+0.96a 0.98+0.67a 29.91+0.42h 15.50+1ab 35.00£0.72a 519.25+38.24ab  8826.63.+411.67b
N300GW3  15.90+0.61a 47.25+0.67a 0.63+0.52a 30.26+0.25ab 15.75+0.5ab 34.25+0.96ab  541.00+18.40ab 9137.08+170.05ah
N300GW4  16.50+0.34a 4791x1.11a 1.08+0.79a 30.67+0.52a 16.00+0a 35.08+0.88a 554.25+11.32a  9310.16+227.04a
N 90.034** 23.519" 0.964 58.755™ 5.838" 20.512™ 34.786™ 15.812"
GW 8.353™ 7.718"™ 0.555 11.269" 1.459 3.244 3.845" 9.508""
NXGW 1.021 2.751 0.603 1.987 0.486 0.902 2.113 8.297™
R4 BERBEXFERFEMMESR Spearman 10X FH
Table 4 Spearman correlation analysis of summer maize yield and yield components under different treatments
_ : N . Frki% U £
7 Rk AL Kk R AT s R
. . . . Grain numbers Grain numbers
Index Ear length Ear diameter Bald tip length ~ 100-grain weight Ear rows .
per row per spike
JEiE Yield 0.547™ 0.535" " -0.052 0.730™ 0.614™ 0.544™ 0.816™
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EpA!

I 5 AT, b T 7K LI R i Za0 d B o 2 5 i)
T KM R KR AR FE K R A s AR Y
AN H R OK R & R KA B AR K & Y
3.43% ~9.77% ; K & T K S ER 3G i, b AR
EBEREAL, 2 MERE AR T, AN A LT 7K 3 PR Ab
PR ] Hb K &34 25 5 W3 7E GW2 .GW3 4b
R N300 Jifi LK Ak B AR 34 8 2 T
N240 jifi /& 7K °F; GW4 A4b B, N300 Jifi % /K F- 5
N240 iR AKFTC i 3 22 5. AW Rk A - oK
i SRS K B 25, H T K IR R A
Ko — B 38 TAR I B 25 B oK AW, Hb R K3
TRAH [F] B, N300 it &0 /K - 2 38 AW ¥ & 3 5 T
N240 i &K Ab 38, bR K SR AR [ B, N300 it

KT Ab B SRE K B 43 ) 2 8 T N240 Jif /UK
o M HL T KRR I A A HAE R AR
SR E K FUE A 7 7 5 Horb N240 Jta 20K 7 GW2
GW3 GW4 Ah 3 K U0 f A 7 1 4351 Lk N300 Jiti
FOKFE K B E = 24.57% . 9.57% . 21.83% ; N300
Jith R T, A TR) MR K R VR Ak B 2 R G B 25 S
N240 i B /K F T ,GW2 .GW4 AbHiY) & 5 F GW3
ARFE N240GW4 Ab P () R AL 7= ) des o UL
W i E oK WUE , T 7K 3R Je =3 28 HLAE H
XTEK WUE 20 R . Hrp N300 jifi &K T A
[F) R 7K B AL B 22 ] T K WUE TG 35 25 5% ; N240
JERKE T, GW4 AbHE i 25 T GW3 b B, HoAth ik
Pz A 22 SN, 28 F AT, N240GW4 Kb B T K
BRI B K o R AR 34 B, B N240GW4
Ab PR AT B A M S €8 2 7 A AR
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Table 5 Water use efficiency and nitrogen use efficiency of summer maize under different treatments
AbF BE K 5/ mm R KA/ mm AW/ FE/K H/ mm RN A= 77 WUE
Treatment  Total irrigation water ~ Groundwater utilization mm Total water consumption NPP /(kg - hm™ - mm™)
N240GW2 270a 29.19+1.30b 4.55+1.41c¢ 303.74+2.17¢ 36.65+1.06a 28.96+0.88ab
N240GW3 270a 17.05+0.95d 1.15+£1.59¢ 288.19+0.64d 33.37+0.80b 27.79+0.63bc
N240GW4 270a 10.33+0.88e 24.76+11.59b 305.09+12.36¢ 37.81+1.56a 29.80+2.19a
N300GW2 270a 32.16+1.93a 26.85+5.30b 329.01+5.55b 29.42+1.37¢ 26.84+1.61c
N300GW3 270a 20.63+1.46¢ 57.80+4.11a 348.43+4.90a 30.46+0.57¢ 26.23+0.45¢
N300GW4 270a 11.60+1.48e 56.47+3.11a 338.07+4.13b 31.03+0.76¢ 27.54+0.87bc
N 21.34% " 253.16" * 24447 " 164.33" " 14.79* "
GW 413.52 38.63" " 1.45 10.86™" * 3.49
NxGW 1.51 19.53* " 17.63" * 9.68" " 0.17
3F i REIR YR S 18] (A ) BE3 R KBRS AL B
> B RN o N
— B, HIFRRSE W R R & T KA S
31 MEEMMTKERMEXRBHRERER TS ERBEEERIERKSE (W, ) A
SH M SRBRN (P)  SETTHERS T 5K AT ETHL R B

Jin A VK i RIS Y B b 0 R A
R R S R E R R IV E
LTS R W AR T KR 1~4 m SEFIN, Tk
TR R PR S S, R KRR 2.5 ~
3 m B, FOKE R BT R AR, b KR 1 m B, R
KER TR R K, AR it 20 AT 7K 3
TR o 5 ok ok R B R B A
83 T KRR [ e 0 b v, oK R
R, X HIME AR WSS, 7E N300 Jiti &
IR, T 2K F S i T K R 8 o i 1 A
X5 AR WA S BRI AIAT , 3 AT RS R N B 2 T
TRILGRIE N, A S JE B 1 I, A= 3 vh 3% 45 B )
TIEBBALK, FAERX R, AR T £ KIE
WO A R A5 R A R R B R 5 AE N240
TR T L3 mo T 7K B 5 A 3 K A R
B/l X GV ST RS AL, X S O %
AT R AT B F 1) T A8 A ALl T K ) L b
AR M, — 2P R N240 i & T 3 m H
KR FEAE AR X S0 B F B R L 4 m
TOKHRGRARER D | R R R T K ) AN WA
2 m MR AKERAR PR, i 3 m MR K HLR AR PR &
KR B d IR, A R )T SA T  H R R R AE
TR Y O 3 it 2 T B R R ORRERL Y B
KMEIE R HE I 2 e K ) AR Ko, 15 0
WA RFS2 ], e kR T4 R A LR T AR
FE 2 B, B 2R e T2 R T a1 K R OKHE S R
B (P) KB R I R iR R B i (W, )
AR e K I 8] (D, ) 38 n F K @ RL BT
XX T T T — 3 (0 2 it A AR R
2 R KGR 20 e 58 BRI R, R K
S B (15 A (e ) PR TR B 455 0 (e, ) (R

ABEFEAFH WG AT, M T KPR 32 2
Ao B T R R S A5 252 I ) oA 52 ) T K PR
T R N240 Jti 2K T R KR 32 B i
Wi Frg A SR HR IR PR B (W, ) BRI R 2
IFTE] (P) SR K FrRn B ., 6 T4 T 7Kt
A FARFEIE SR W 38 R AT NS, AR5
TR R FORFEIAF IR M BEE
32 MREMMTKEBRNEXTERKEFNA

e ES A

K RVERE X /N2 7= R T A T B 5 45
(7K Rz % AL K TR IZ B T AL % . AR
FAW TR HOKHILFEE T, K SR
TR o) 3E el FHRTE— B Ry 4 m 0 R K
4 m N 3T KSR 98 K R TR R4 )
A KA T BRI SR K T A AL
TR PIA LR , R Bt 20 13 o 22 S
Ja s RS TR AR A g TR A SR AR
K AFAER, B 1L S0 e, SEBE By =0
ABIFEFRI, i 0 7 B AR 2 BR T SRR
R AU 3 B R R MR R, XS
RIS B SEARRE . IME 25 B R0, &
oKy g L ZACHE TR A 4 T ) | L2 R K
TROY 3 m I K= R AR, T 80™ B 22 5 (07
R RERA, XIARAE W R, 3t T KR
2SS SRS (N VA T E R A 9L &2 80
i, AWHFFERY, N240 ji UK T, R KLy
3 m IR A EUIE D 2 7 0 B fiG, 3 5 v 22
AR — B X R R AL LR A AR
Or R IE M BT K ) b kb 25 36 ) 1 A 45 2R
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77 Bt Hb T K R B I 3G X R R D R
TR ) b 38 T 4 7 43 2 - [n] N I8 B8 AR 3K
K, HZKrsem, ) N s B8, fEER X LR
B2 TR 2~4 m T KSR TG BN, # T /K H3 R
X HEFE 0 B TR KT X R KA R,
YEPI7K R FH AR 2 AR b 2 0 ] 2 B U SR
LK IR R AR FAEY K R SR A
o, ARBFFE Y, N240 Jiti UK 2R A 7 T
FE T N300 Jiti K 3% 35 = PR RIS A
YRl 2 B it R R O, A B A R AR AT
el RN (HRI) 2% FEIR, 2 B A
TR ANA T, H T K 2 S A E Y T K
I, 2~4 m Mo /K VRGP, R KR o
TR T WFEKE Y 3.43% ~9.77%, A Tal jifi 7 &
T, H K IEREE DK AR RS A — 2 X
ATRESE R FRAE K R R A % | 3 OGS 5)
B A R RHOK- R FORAR B DL E MERE S
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1) Logistic J7FE RE WS 1R 47 #4815 45 Ab HL E K A7
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TN K R 5 N300 Jiti 0 T, i K P 3 2
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