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The Effects of Intensive Planting and Water-nitrogen Coupling on the Yield of Seed Maize

Du Jian, Sun Ningke, He Shuping, Wang Xing, Zou Yue, Wang Juan, Jia Gaixiu, Li Jiali, Miao Chunqing
(Zhangye Agricultural Science Research Institute, Zhangye 734000, Gansu, China)
Abstract: To investigate the effects of close planting and water-nitrogen coupling on the yield of seed maize and its formation pro-
cess, a three-factor orthogonal design was employed in this study, with three irrigation levels, three nitrogen application levels, and
three planting densities. The regulatory effects of different treatments on agronomic traits, dry matter accumulation, yield compo-
nents, and yield of seed maize were systematically analyzed. The results showed that different treatments had varying effects on agro-
nomic traits, dry matter accumulation, yield components, and yield of seed maize. Among them, the W,N D, treatment exhibited rela-
tively high levels of kernels per row and single ear weight, and achieved the highest yield of 687.95 kg/667m’, which was significant-
ly higher than those of the W,N,D, and W,N D, treatments. It was recommended that in this region, an irrigation amount of 250 m*/
667 m’, nitrogen application rate of 15 kg/667m’, and planting density of 85 000 plants/667m* (W,N,D,) be adopted to achieve both
high yield and high efficiency in seed maize production.
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Tab.1 Information of tested fertilizers

Fror i

e (N=P,0-K.0) BIE% Al

RE 46-0-0 46.0 SPRR]

Tsla—4% 12-61-0 73.0 EFEyil

TR 0-0-52 52.0 SRR
iR — S 0-52-34 86.0  FRkOKIL
LA 45.5-0-0 45.5 RS R
IR BER — e 12-61-0 73.0  ERSALE
THUERR R ST 0-0-52 52.0 EPNEY L

1.2 RIEHAEER

TR0 U B A H N8 AR T H N X5 ZE T ZE A
(38°51'27"N, 100°31'29"E) , WA 37 0] 7 5 Ji§ o 350
SENHEDX, MR R 1 457.5 m, AEX SR 7 C 24,10 C
1H SRR 1 837~2 870 C, AR 165 d, 4E ¥ [ K =
127 mm, EEEPIETH—10 7, AE¥22 K% 5 2 345 mm,
M 3 SR T - | o g B TR R A
+, IR A R LR 2,
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Tab.2 Basic physical and chemical properties of soil

g PH O OWCHBUI O/ wORTAEE) wCH)
; & (g-kg™) (g-kg™) (mg-kg™) (mg-kg™)
ZH 8.16 19.60 1.10 12.30 154.00

1.3 RIEiEIT

R H IE R B, T K & it R PP A 2
BE3ANR R, HE K& (W) 2220 m/667 m*(W,) .250 m?/
667 m*(W,) ,280 m¥/667 m*(W,)3 7K F ; jifi & & (N)
% 1 15 kg/667 m*(N,) |20 kg/667 m*(N,) .25 kg/667 m?
(N,)3 7K 5 Bk 25 B (D) i . 6 500 #£/667 m*(D,) |
7 500 #£/667 m*(D,) .8 500 #£/667m*(D,)3 P KF, ik
95 73 3 A it BE XS i (b %% B 6 500 #R/667m?) , 3t
PEE 12T, 4438 3 R A, /N IX AR 108 m?
(6 mx 18 m), 336 N/NX, & /NXFEHLHES] . 56 X
ORI R AT NI Z R 1S m e g X, T A
B TE AR 1k /N X K BB B, KT SR, 56 7%
PR, 2547 40 em 54T 60 cm, 4T FE AR (A0 : BE A=

1:7) BARRIG T R I3,
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Tab.3 Experimental design scheme

ST %
Ak Wi[m® - Nkg:* DI[kk-
(667 m>)™] (667 m?)™ (667 m>)™']

W,N,D, 220 15 6 500
W,N,D, 220 20 8 500
W,N,D, 220 25 7500
W,N, D, 250 15 8 500
W,N,D, 250 20 7500
W,N,D, 250 25 6 500
W.N,D, 280 15 7500
W.N,D, 280 20 6 500
W.N,D, 280 25 8 500
W,N,D,(CK,) 220 0 6 500
W,N,D,(CK,) 250 0 6 500
W,N,D,(CK,) 280 0 6 500

1.4 KIEEHE
T SR FH IS TR 5 =X T AT AL T 24T Bk
], 1 2% T 4 o 24T oK o il AT R R it + 7K JE —
AL, 455 F K A= B BB K GG ; 7 I A
Y 50% HE it , 20% T3 IIRE KB i, 30% T ]
BEOK B, PR B B IE Y Dy K AT, B
JIE (P,0,) Jiti FH] 1 4 6 ke/667 m?, # I (K,0) jiti ] it Hy
5 kg/667 m*. F KA T IR HE 8 UK /K AL 6 K. 4%
T /INX PR RE BT DL 4, B A ) B2 L3R 5
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Tab.4 Experimental design of drip irrigation water-fertilizer coupling

for maize in the experimental area
P . m/667 m®

THEK I

NS IE SO UNE T B A )
WOomoomomom oW m W

1—3.10 30 25 30 30 30 30 30 15 220
4—6.11 30 30 35 35 35 35 35 15 250
30 35 40 40 40 40 40 15 280
5 HBXFAKEEKESEEERLEIRITR

Tab.5 Experimental design of drip irrigation fertilization

7—9.12

for maize in the experimental area
A, kg/667 m’

- SERlibpe]

f? HIL g wol g R ez g BT
T NNE R T T TR

1.4.7 6 2 2.5 1 1.5 1 1 15

2.5.8 6 3 3.9 1.6 2.3 1.6 1.6 20

3.6.9 6 4 5.3 2.2 3.1 2.2 2.2 25
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HH Microsoft Excel 2010 %% 4 #7745 3£ #1, >k H
SPSS 20.0 #4777 22534t
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Tab.6 Agronomic traits of plants under different treatments

oS SPAD i R Z2H1/mm TR W /em
W,N,D, 61.18 + 1.59abed 223.67 + 1.53bcdef 28.34 + 0.71abed 109.13 + 4.75abcde
W ,N,D, 61.55 + 1.05abed 232.33 + 5.51abe 28.60 + 1.54abc 106.07 £ 6.51bede
W,N,D, 60.56 + 2.21abed 222.00 + 5.00bcdef 26.53 + 0.64cdeflg 104.47 + 5.58¢de
W,N,D, 59.81 % 2.50bed 228.00 + 2.65abcde 26.58 + 0.30cdefg 106.07 + 10.61bcde
W,N,D, 61.20 + 3.20abed 221.33 £ 11.93cdef 25.74 + 1.00efg 105.00 + 6.12cde
W,N,D, 61.45 + 2.96abcd 224.67 + 7.09bcdef 28.24 + 1.25abed 105.40 = 4.67cde
W,N,D, 59.72 + 4.76¢d 227.67 + 5.13abcdef 27.19 + 0.97bedef 110.93 + 5.85abed
W,N,D, 61.51 = 2.20abed 229.67 + 8.08abcd 26.87 + 0.53cdefg 110.27 + 4.59abed
W.N,D, 60.57 + 2.80abed 225.67 = 6.03bcdef 25.83 + 1.25efg 98.80 + 5.54e
W.N,D, 60.05 + 2.63abed 222.67 + 1.53bcdef 26.08 + 1.45defg 105.93 + 18.77hede
W.N,D, 62.77 + 1.52a 210.33 + 12.66f 27.96 + 0.85abed 104.40 = 0.40cde
W.N,D, 61.35 + 2.00abed 222.67 + 1.53bcdef 27.01 + 1.94bedef 105.20 £ 6.97cde

T Fe PRI GI/ING SRR 3R 22 SR 1 3 (P<0.05) 5 T I

FH 2 6 AR, A (] b BDGT ) b 5 K b e EHRIR
IS IFAE—E 25, MSPAD(HEF , £ kb FH[a] 2%
Ak K AR RS IR /N o KRS 5 T, WON, D, Ab
P, 4 232.33 em, 23 5 T W N,D A EE LA b 3
] 25 AN E, XML W N, D ACF R K, 4 28.60 mm,
LT WOND, A1 W N, D, AR 3 BEA 1 7 4% AL 3 )
AR 2E AN, WON,D, A B 5, 4 110.93 em, WN D,
REPERERAG, 98.80 cm, H - H E R W FH ., HHKFE,
W N, D, 4b BE 75 % = 25 b & B, WN,D, &b 1
SPAD {H f5z i {HAK = S5 1K, 190 BH AN [] A B A 20tk 1)
WS R, EEHAKASEBEEHEGAMN T ERE
K 5CA BT HME
22 ARELEXEXRTYRREEHNZ N

ASTR] A BRI AP R SCEAE B T A B WLk
7o HIFR T R, AN [ AL B i A EORSAF T i
R E, BT Y R REL W N,D, AP 5

L, 6.41 o/Fk, B E T WN DAL BRI 4.52 o/t , HiAth
AbPRIE) 22 AN 2 O T Y R R A WON,D, Ab B
i, o0 107.00 /B, B35 =T WND AR B, il A T
W) B WON D AR PR Ry, WN D, A B R AIG, {H 454k
FRIA) 22 5 K08 B 3K U9 A R W N, D,
b B 5, A 384.00 o/bk L B3 T WON,D, 4b B AN
W N,D AbFE, Ak b, W N,D, A B TE 4 A B 1 4
B T TR K It WON, D, A AR S R R
AR, REE KA 5% EAGE M T TR
(=R R 5552
23 ARQPEMEXRFTFERFEHREZNZMN

AN TR A T ] b T K 7 e AR L R 5 I L 3R
8, X F oK iR bR i WK 9,

H 2% 8 T, A7) AL B ) b R OK 7 AR L B Y
EMLETE S, KDL WON, DA K, N 14.49 em,
5355 F W,N,D, 1 W,N,D, AZb B, TR K DL W,N,D, Ak
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Tab.7 Dry matter accumulation of seed maize at key growth stages under different treatments
B g/ bk
ibEn i BT Eillpitl sl
W,N,D, 6.41 + 0.09a 107.00 £ 19.52abed 138.33 + 9.87abc 305.33 + 33.50bcdefg
W ,N,D, 5.80 + 0.45abcede 104.67 + 18.04abcd 127.67 + 23.33ahc 384.00 + 85.51abcde
W N,D, 5.10 £ 0.31cdef 79.67 + 20.03cdef 125.00 + 28.62ahc 283.67 + 16.62efg
W,N,D, 5.64 + 0.86abcde 92.33 + 12.01abcde 124.33 + 10.69ahc 271.33 £22.48(g
W,N,D, 5.12 £ 0.55¢cdef 73.33 + 14.01def 132.67 £ 16.29ahc 330.33 + 23.50abcdefg
W,N,D, 5.44 + 0.48bcdef 81.00 = 15.39bcde 132.67 + 6.43abc 372.33 + 58.45abcdef
W,N,D, 5.72 £ 0.77abcde 97.33 + 19.55abcde 138.33 + 27.54ahc 324.00 + 38.28abcdefg
W,N,D, 6.02 + 0.44abcde 98.33 + 7.51abede 146.00 + 29.17ab 364.00 + 25.87abedef
W,N,D, 4.52 + 0.05f 68.67 + 18.50ef 118.33 + 12.70bc 305.33 + 21.96bcdefg
W,N.D, 5.22 + 0.44cdef 78.00 + 5.29cdef 130.67 + 17.62abc 322.67 + 73.09abcdefg
W,N,D, 4.99 £ 0.12def 87.33 £ 5.51defg 134.33 + 18.04abc 364.33 + 49.54abcdef
W.N,D, 5.02 + 0.66def 96.00 + 30.07abcde 132.33 + 20.60abc 331.67 + 29.03abcdefg
®8 AREMEBTHMEKRTEMRERR
Tab.8 Yield components of seed maize under different treatments
Jb 3 FiK/em FegKlem FEHL/mm AR (7 -3 AR CRE- 4771
W,N;D, 13.32 + 0.40bcdefg 0.70 £ 0.19bedefg 47.07 £ 0.36a 15.33 £ 0.61ab 26.27 + 2.11abede
W N,D, 13.93 + 0.37abed 0.80 + 0.24abcdef 46.55 + 1.36ab 15.20 + 1.06abe 26.40 + 1.91abede
W N,D, 13.96 + 0.97abed 0.87 + 0.07abcde 45.93 + 0.46abc 14.67 + 0.46abed 25.20 + 2.66hcdef
W N,D, 13.10 £ 0.10cdefg 1.29 + 0.40a 44.88 + 1.83bed 14.80 + 1.06abed 23.27 +2.13efg
W,N,D, 12.87 + 0.42defg 0.81 + 0.23abedef 45.56 + 1.01abe 14.93 + 1.01abed 22.87 + 0.83fg
W,N.D, 14.29 + 1.17ab 0.93 + 0.27abed 46.05 + 0.63abc 15.07 £ 0.61abed 23.73 + 4.46defg
W,N,D, 14.13 £ 0.63abe 0.81 + 0.15abedef 45.83 + 1.00abe 14.53 + 0.23abed 24.40 + 0.82cdefg
W,N,D, 1441 +0.21a 0.73 £ 0.11bcdefg 45.52 + 1.12abe 14.60 + 1.00abed 27.50 + 0.30ab
W,N,D, 13.91 + 0.83abed 0.63 + 0.34cdefg 43.37 £2.37d 14.40 = 1.40bed 25.40 + 4.34hcdef
W,N;D, 14.17 £ 0.71abe 0.95 + 0.37abe 45.33 £ 0.67abe 14.93 + 0.87abed 24.33 + 2.54cdefg
W,N,D, 1444 £ 191a 0.74 + 0.04hcdefg 45.47 £ 1.14abe 14.40 + 0.69hed 25.20 + 2.30bedef
W.N,D, 14.49 + 1.09a 0.72 + 0.19bcdefg 46.08 + 0.91abc 14.93 + 0.23abed 26.40 + 1.64abcde
®9 AEAETHFMERFBIERE
Tab.9 Yield indicators of seed maize under different treatments
Ab3E BT /g AR RL B /g TR /g FeiE kg (667 m*)™']
W,N,D, 166.33 £ 15.12bcdefg 122.67 £ 15.01bedef 357.63 £ 25.09abed 571.90 + 32.37abcdef
W,N,D, 170.47 + 25.37abcedef 131.33 + 16.80abed 361.43 + 24.38abcd 572.60 + 55.86abcdef
W N,D, 165.80 + 15.59bcdefg 129.33 + 16.17abcde 350.33 + 24.86abcd 575.99 £ 52.96abcdef
W,N,D, 131.60 + 2.35¢g 99.33 + 4.62(g 369.70 + 5.97ab 544.08 + 37.62cdef
W,N,D, 169.20 + 11.86abcdef 134.67 + 11.02abed 349.50 + 27.52bed 521.03 + 35.84ef
W,N;D, 155.93 + 24.05cdefg 118.00 + 24.25cdefg 350.37 + 15.57abed 555.89 £ 50.39bcdef
W,N,D, 159.13 + 30.76¢defg 119.33 + 24.01cdefg 346.30 + 28.39cd 562.96 + 69.19abcdef
W,N,D, 180.73 + 34.59abcd 137.33 + 27.06abc 353.13 + 23.13abed 687.95 + 50.74a
W,N,D, 148.80 + 46.26defg 114.00 + 39.00defg 340.00 +22.20d 537.72 £ 90.51def
W,N,D, 144.40 + 12.43efg 117.33 £ 10.50cdefg 360.80 + 25.26abed 604.98 + 47.96ahcde
W,N,D, 170.00 + 2.00abcde 128.00 + 5.29abcde 349.03 + 19.05bed 496.86 = 12.55f

W.N,D, 163.80 + 8.20bcdefg 126.00 + 7.21abedef 361.27 +27.73abc 533.14 + 48.00ef
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PR, b 1.29 em, B3 @ T H A Z 500 B, R Z AL
PR AR AR 2, S 0 25 o FEHLLL W ON,D, AR BRARHL,
47.07 mm, .7 & T W N,D, 203, W N,D, kb B i) f A7
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BT LA WON,D, AR L i 5, 4 369.70 ¢, W,N, D, Ab 3 i
i, 9 340.00 g, i35 25 5 W 3 . 77 1 DL W, N, Dy A B i
1=, M 687.95 ke/667 m?, & 3 & T W,N,D, 5 W,N,D, &b
BRI , WON, D, A B P2 R A0 7 e A
Z (PRI AR ) FRISE T W N,D A0 B T
T A, (L LR | UREOR R R A R e i AL T
AR AR, U B TR i I AR He e e e — R 3R
7 BSORII R ST 5 6] 7= B 14) DR B Oy A
3 itig

AT ZE 26 BH , & 2R 0% 7K 20 R o] A HF 6 R AR i
TEAE A, 2= PrERaE 117, AT R, AR A
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SRR A B ER W, AR Z MR,
W N, D, Ab B R A Z5 R R BN, 35 IH 3 B A 7K
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BEAR , WoN,D AR B () SPAD (B 5 5 , {H K & B A1, 3 ] g
SR T G T Y 43 BL SR WS AT G, RIVRE HRCHE B 20
BT A BC T R G MU B 4R RS T E 2SR

T R RO 7 T R A, AR 5T
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T A%, 10 BH 2o 20 3R RO XY % 3 T R A T 4 5 [k
Biliz . X —245 15 0 A R 45ie—50, K AR &
A 3 I O A TR W LR W B R e Ab
W,N, D, &b BEAE 52 9 B R 82 RN S de i, (H
IR, I A B AE T B DR RL %) 43 B ROR
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FE A BB BT Bk, WON, DA B e g,
TR BRI S5 48 bR 440 T3 = 7K F, B Iz AL BE 7
PIRREES & F O T EA . BAR W ON,D, AR B T
J e A (AR HOHLR TR B I A, S BOR R S
AR T, SO PR I TR O R F
iy B S TN AT A 3 4 0 S AT R e
A7 1o R R, L ik 25 25 Jn A R T S5 4, 5% i el
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A — 210 H 7 SRUR A5 XoF 288 00 A RS VR

4 Z5iE

A 5, WON, D, Ak 2 (7K £ 250 m*/667 m’ . jifi
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BRRMLR , TR BTN T 55w K, %
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