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Effects of density and fertilization combination on yield of maize
under mulched drip irrigation in semi-arid and cold areas

ZHANG Fa-ming, YANG Ke-jun, LI Zuo-tong, ZHAO Chang-jiang, WANG Yu-feng, XU Jing-yu,
ZHANG Yi-fei, WANG Zhi-hui, FU Jian, GU Ying-nan, YANG Xi-ling, LIU Hui-di, LIU Cheng, LIU Yu,
FANG Yong-jiang, TANG Chun-shuang, WANG Cong

( Key Laboratory of Crop Germplasm improvement and cultivation in Cold Area/ College of Agronomy ,
Heilingjiang Bayi Agricultural University , Daging , Heilongjiang 163319, China)

Abstract: To investigate the cultivation practices for high yield of maize under mulched drip irrigation in the semi-
arid and cold areas in western Heilongjiang province, maize variety Zhengdan 958 was used as the study material. In ad-
dition, nitrogen, phosphate, potash and planting density were selected as the four experimental factors, each of which
was tested at five levels. A quadratic regression model was thereby employed to establish in accordance with rotation de-
sign statistical analysis methods (1/2 implement) to analyze the effects of different fertilizers and planting densities on
grain yield. The results showed that each single factor had obvious influence on grain yield, exhibiting a trend of down-
ward opening parabola. The effects of these four factors were in an order of nitrogen (N) > density > potash (K) >
phosphate (P). Also, the marginal yield reduction caused by unit volume level applied was in a order of phosphate (P)
> density > potash (K) > nitrogen (N). Coordination between nitrogen and phosphate had a mutual promoting effect

2 the best combination of nitrogen and

on the increase of grain yield. To achieve a yield higher than 12231.97 kg*hm™
phosphate fertilizer, potash fertilizer, and planting density were as follows: 246.24 ~279.59 kg*hm ™2 nitrogen; 133.77
~151.52 kg*hm™? phosphate; 82.85 ~97.16 kg*hm~? potash and 79 676 ~ 85 324 plants* hm~? planting density.

Keywords: maize; semi-arid and cold areas; mulched drip irrigation; fertilizer and density; yield
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Table 1 Meteorological data of experimental area in 2014

A SFHRIE/C HEEEUh KR /mm

Month Average temperature Sunshine hours Precipitation
FH May 14.6 152.0 69.7
ANH June 23.3 218.8 104.6
LA July 23.3 147.2 59.6
JAH August 22.0 221.8 60.4
JLH September 15.6 222.5 60.5
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Table 2 Design and treatment of the combined tests

pisil N P,05 K,0 B Density

Treatments X X X 4 /(kgrhm™2)  /(kg'hm™2)  /(kg'hm™2)  /(Fk+hm=2)
1 1 1 1 1 285 195 135 93750
2 1 1 -1 -1 285 195 45 71250
3 1 -1 1 1 285 65 135 93750
4 1 -1 -1 -1 285 65 45 71250
5 -1 1 1 1 95 195 135 93750
6 -1 1 -1 -1 95 195 45 71250
7 -1 -1 1 1 95 65 135 93750
8 -1 -1 -1 -1 95 65 45 71250
9 -1.682 0 0 0 0 130 90 82500
10 1.682 0 0 0 380 130 90 82500
11 0 -1.682 0 0 190 0 90 82500
12 0 1.682 0 0 190 260 90 82500
13 0 0 -1.682 0 190 130 0 82500
14 0 0 1.682 0 190 130 180 82500
15 0 0 0 -1.682 190 130 90 60000
16 0 0 0 1.682 190 130 90 105000
17 0 0 0 0 190 130 90 82500
18 0 0 0 0 190 130 90 82500
19 0 0 0 0 190 130 90 82500
20 0 0 0 0 190 130 90 82500

x3 BB LERKERR

Table 3 Soil water content at different stages

HE Y £ ET) GHGER 1 PO Tl il 22 22 5 32 FEH
Vegetative stages VE-V1 V1-V6 V6 - VT VT - R1 R1-R3 R6
AR E KA/ %
Relative soil 70 ~ 75 60 £ 4y 70 ~ 75 80 ~ 85 75~ 80 60
water content
PR FE 2 60 056 7% AR o A0 [ D %4 BB FNEELETHERSE
M R BT B A, A AR BRI AL %% Table 4  Yields of maize under different treatments
A ANTRE S AN B AKERL ™ 5 1 52 e B~ BH R, of nitrogen, phosphate, potash and density
IBENT0.01 WA HALLA P Z0 TRKFAL MRER R/ (kgrhm ) | AREE R/ (kgehmo?)
FZ: % E"J%ﬁ ﬂ["il Z:E% ° Treatments Yield Treatments Yield
20 BRI T K 7= LI 40 R 4 ! 166145 T o320.25
AU PR LA B 307 L, 1950 : 1285470 2 1089.15
(V) HHEX) B (X) 8 (X3)  HHE (X,)4 T ’ 1047795 e 3.7
IE]UEH‘;‘?ELJ : 4 11654 .85 14 12017.10
5 8033.10 15 13557.75
Y = 15634.14544 + 996.03226 X, + 74.22154X,
) 6 9438.75 16 14213.10
~ 177.10671X; + 126.47224X, — 984.79710X} - ; 1036635 - L6401 9
1927.96262X5 — 1476.57218 X5 — 593.04228X; + 8 11130.60 18 15607.50
801.05625X, X, — 25.03125X, X5 — 82.21875X, X, 9 11016.60 19 15340.80
(1) 10 14538.15 20 15353.55




552 1Y

5K A WA < B S 2 5 3o FE M 5 DB T8 T K R R 35

2.2 1REISH

2.2.1 RBBEFHEZHE,N ERFRO
Mr BT R N R B T WL Mg ab 2, H
B —URIRFR AL G A H I F-J7 T[] 05 2 550 a)
AAHICHY , B 2] )3 R B AR AL o O [T H 2R 8K
2 N A AN AT 4 R AR B X6 P Y S IR
B A A e A, L R0 R IR

1) —WI X, Xy Xy B RBE IR, X5 19—
IR REORE, U BRI R TS Y, &L B R
5 B DR T A G Ak, L ER 7R s (RN H
W 4 R L% S R e I A A > R > il
P SRR e R SRR A VR BB
it B E G N, FORAFRL ™ A R AR 3

2) SCHI X, X, RECHIEAE, HR 28 B0 R 4L
S AAAEL, A it S5t A 2 ) ) TRC A 6T A S
HAMEALHIER;

3) WM AR R A, UL A R R
T8 TF F ] T R 2 ke F A8 Ak, BVFE B AR K
DA B, 7 f I P R 3G g, 24 7 /K7
b AT, P BT e
2.2.2 FREFHEESH  EFRFRT AR
BEAYrh S8 T BRS04 2% PR 2 % 7 a5
W = AR 2R e 2R 2 B 0 KR, 159 2]
A R —IC IR AR B ANF

ME&: Y = 15634.15 + 996.03X, — 984.80X7}

(2)
WM. Y = 15634.15 + 74.22X, — 1927.96 X3
(3)
a4 .Y = 15634.15 — 177.11X; — 1476.57X3
(4)
Fhoki % BE.Y = 15634.15 + 126.47X, -
593.04.X3 (5)

FERIR T 1 R 2R K (E 1,682 ~ - 1.682 3
PP, ARl o 2 ] ) - A2 8 7 Sl 1 45 PR X ROk
FER ™ s i A5 [, Al 1 s o

ML 1 AT LA it 0 A i B L S A 2
FE 4 AP AR RE R 0 E KRR = i, I H o b A
PR A (38 4 220 H ) T il £t 34522 4k,
A i A PP E s E . IR REA
HH S (088 P35 R, 454 A R %) T o5 il 2 4% BA TR R 1)
S A, S AR R ) A P R A ol A
i, EARE T, BB RERAE R 1), 52
B FH & 0 Sk 285 kg« hm =2, JLE = H AT 35 15 645.38
kg hm ™2 ; BEACFIAR AL 1) e A4 A o0 OCRS (D) , 5P

FHEEIU A 130 kg* hm™2H1 90 kg* hm ™2, M f = ik

15 634.15 kg hm ™2 ; il AR B ok OCRE () RVA AR

B 82 500 Fk - hm 2, BUE AR ATIA 15 634,15 kg

-hm=2, FIAEGERA B, P s A RS

IR, R NIBEZ /N B 1 R AT VB Y TR

TRAR AT, 35 5 A 1 7 RIOR W e T AR it
—o— 5 [F Z 2 3 il 28 The effect curve of nitrogen

—a— i (K1 35 RV il 28 The effect curve of phosphorus
—— 1 [ 3% R W i 28 The effect curve of potassium

18000

——

*hm?)
™
(=)
(=)
S

Yield

7/ (kg

-1.682 -1 0 1 1.682
[XF 7K °F- Factor levels

B ORARE TR

Fig.1 Effects of experimental factors on yield
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Fig.3 The coupling effects of nitrogen and phosphorus (A), nitrogen and density (B), nitrogen and potassium (C) on corn grain yield
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Table 5 The probability distributions of Xi in the combined applications

X, X, X; Xy
i o e W e W e o e
Times Frequency Times Frequency Times Frequency Times Frequency
-1.6818 0 0 0 0 0 9 0.125
-1 4 0.056 7 0.097 17 0.236 17 0.236
0 21 0.292 44 0.611 38 0.528 20 0.278
1 29 0.403 21 0.292 17 0.236 17 0.236
1.6818 18 0.250 0 0 0 9 0.125
x 0.768 0.194 0 0
S, 0.089 0.07 0.081 0.128
95% RYEL AR X [A]
95% credible (0.592,0.943) (-0.058,0.331) (-0.159,0.159) (-0.251,0.251)
interval
Tty

(246.240,279.585)

Measures range

(133.770,151.515)

(82.845,97.155) (79676, 85324)
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