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Effects of reduction of nitrogen and water of shallow drip irrigation
on material distribution of root and canopy and utilization efficiency
of water and nitrogen of maize under dense planting

ZHANG Yushan, YANG Hengshan, GE Xuanliang, LIU Jing,
MENG Fanhao, ZHANG Mingwei, GUO Zihe

(College of Agriculture, Inner Mongolia University for Nationalities, Inner Mongolia Autonomous

Region Forage Crop Engineering Technology Research Center, Tongliao, Inner Mongolia 028042, China)

Abstract : To explore the effect of reduction of nitrogen and water of shallow drip irrigation on root and canopy
characteristics and water and nitrogen utilization efficiency in spring maize under dense planting, the root distribu-
tion, dry matter accumulation and transportation, yield and water and nitrogen utilization efficiency of maize under
the density of 90 000 plants + hm ™ were studied. The study adopted a split plot design with the irrigation level as
main treatment including 40% (W1), 50% (W2) and 60% (W3) of conventional irrigation and the nitrogen ap-
plication as secondary treatment including 50% (N1), 70% (N2) and 100% (N3) of conventional nitrogen fertili-
zation by using the traditional border irrigation cooperated with the conventional nitrogen application as the control.

The results showed that the root dry weight of different soil layers increased with the increase of amounts of irrigation
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and nitrogen application, and there was no significant difference in the root dry weight of CK, W2N3 and W3N3 in
20~40 cm and 40 ~ 60 cm soil layer. There was no significant difference in dry matter accumulation of W2N3,
W3N3 and CK before spinning, but W3N3 was significantly higher than CK after spinning, 9.74% and 7.62%
higher than CK in 2018 and 2019. The difference of transport capacity of stem sheath and leaf among W2N3,
W3N2 and CK was not significant, and the contribution rate of stem sheath and leaf to grain increased by 0.37%
and 0.43% in 2018, and 0.27% and 0.56% respectively in 2019.There was no significant difference in root-shoot
ratio between W3N3 and CK at silking stage, and the root-shoot ratio of CK was significantly higher than the other
treatments except WIN2, W2N3 and W3N3 in 2018, and the root-shoot ratio of N3 in different irrigation amount
had no significant difference with CK in 2019 at maturity stage.The yield per unit root dry weight of CK was signifi-
cantly lower than that of other treatments except W3N3 in 2019. The material distribution of root and canopy of
W2N3 and W3N3 were reasonable, and there were no significant differences in yield and nitrogen partial productiv-
ity with CK, however, the irrigation water use efficiency increased by 94.15% and 65.80% , respectively. The treat-
ment of W2N3 under shallow drip irrigation had reasonable root distribution with proper root shoot ratio and high
yield and high efficiency under dense planting. The study provided a theoretical reference for high yield and high ef-
ficiency in shallow drip irrigation under dense planting of maize in Xiliaohe plain.

Keywords: maize; dense planting; shallow drip irrigation; water and nitrogen reduction; water and nitrogen

utilization efficiency
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x1 WMEMETREHEKDBRENEERRTFRENTMIE (¢ - &%)
Table 1  Effects of reduction of nitrogen and irrigation of shallow drip irrigation on root dry

weight of spring maize under the condition of densification

Ay I i EUK T k2239 Silking SEEUY] Maturity
Year Drip irrigation quota  Nitrogen level 0~20 cm  20~40 cm  40~60 cm 0~20cm  20~40 cm  40~60 cm
N1 14.06e 0.67¢ 0.29¢ 9.52¢ 0.40d 0.15¢
w1 N2 16.69de 0.82de 0.35abe 12.19¢d 0.52¢d 0.23de
N3 18.81cd 0.94cd 0.40abe 12.62¢ 0.56¢d 0.26¢d
N1 14.84¢ 0.79de 0.31be 10.80de 0.45d 0.23de
2018 w2 N2 18.93c¢d 1.03be 0.47abc 14.42b 0.63bc 0.35b
N3 20.52be 1.27a 0.55a 15.72ab 0.79ab 0.41ab
N1 16.25de 0.83cde 0.30c 11.23cd 0.43d 0.18de
W3 N2 19.81be 1.15ab 0.44abc 14.87ab 0.76ab 0.32be
N3 22.38ab 1.27a 0.52a 16.34a 0.87a 0.42a
CK 24.01a 1.21ab 0.51ab 16.91a 0.81a 0.38ab
N1 15.29¢ 0.86d 0.26d 10.44¢ 0.47¢ 0.23f
Wi N2 17.52¢fg 1.10¢ 0.30cd 12.93¢d 0.59de 0.32d
N3 19.51cde 1.23b 0.35bed 13.34be 0.64cd 0.36¢d
N1 16.18g 0.98d 0.29¢d 11.72¢de 0.54de 0.29de
o1 w2 N2 18.74def 1.23b 0.38bed 15.12ab 0.75be 0.37be
N3 21.65bc 1.34a 0.46ab 16.26a 0.86ab 0.42ab
N1 16.45fg 0.98d 0.31cd 10.69de 0.48e 0.19f
w3 N2 20.57bed 1.23b 0.39he 15.23ab 0.72¢ 0.38be
N3 22.58ab 1.38a 0.55a 17.37a 0.94a 0.48a
CK 24.18a 1.42a 0.57a 17.22a 0.91a 0.41ab

LE : A B 5 A RN R RTEA R K RAL BE 2 [0 95 53 {2 25 (P<0.05) , R Al
Note: Different lowercase letters after the same column data showed significant differences between different water and nitrogen treatments (P <

0.05) , the same below.

R2 HEEMETXEHEKARENERTURREERZHZIT
Table 2  Effects of reduction of nitrogen and irrigation of shallow drip irrigation on dry matter accumulation

and transportation of spring maize under the condition of densification

] TR/ (kg - hm™2) TY % izit/ (kg - hm™) FERLTTRR A/ %
Ay (E(%;\E%ﬁ W Bk Dry matter accumulation Dry matter translocation Grain contribution rate
Year Drip irrigation Nitrogen level e . T
quota It 22 Hij k225 EX gy EX L
Before silking After silking Stem Leaf Stem Leaf
N1 8050.05¢ 9993.60d 837.45¢ 286.95¢ 8.85d 3.03¢
Wi N2 9367.50cd 10719.90d 1011.15de 362.25de 10.11ab 3.62d
N3 10455.30bc 12078.90c 1126.95¢d 400.35¢d 10.14ab 3.60d
N1 8538.15de 10724.40d 886.05ef 319.20de 8.98d 3.23e
2018 w2 N2 10820.70b 14173.65ab 1231.95be 482.25bc 9.40¢ 3.68d
N3 11621.25ab 14651.40ab 1334.25ab 572.85ab 9.86b 4.23ab
N1 9018.45de 10917.15¢d 939.90ef 398.25¢d 9.28¢ 3.93¢
w3 N2 11679.00ab 14570.85ab 1331.10ab 551.25ab 9.92b 4.11bc
N3 12238.20a 15271.80a 1453.05a 617.25a 10.27a 4.36a
CK 12784.05a 13916.25b 1267.35bc 523.80ab 9.90b 4.09bc
N1 8888.40f 10432.80e 975.60f 288.90d 9.65¢ 2.86f
W1 N2 10008.90def 11077.20de 1184.40e 371.70cd 11.01cd 3.46c¢de
N3 10822.50de 11682.00d 1382.40cd 430.20bcd 12.04bc 3.75¢
N1 9523.80ef 10581.30e 1153.80e 326.70cd 11.11cd 3.14ef
2019 w2 N2 11436.30cd 13675.50b 1455.30¢ 481.50bc 10.80d 3.57cd
N3 12656.70abc 12565.80¢ 1702.80ab 601.20ab 13.73a 4.85a
N1 9923.40ef 11230.20de 1242.90de 368.10cd 11.11ed 3.29de
w3 N2 12370.50be 14085.00ab 1678.50ab 576.90ab 12.11bc 4.16b
N3 13313.70ab 14624.10a 1821.60a 685.80a 12.50b 4.71a

CK 14063.40a 13589.10b 1629.90b 559.80ab 12.07be 4.15b
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Fig.1 Effects of reduction of nitrogen and irrigation of shallow drip irrigation on root-shoot ratio and

yield per unit root dry weight of maize under the condition of densification
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Table 3  Effects of reduction of nitrogen and irrigation of shallow drip irrigation on yield and

yield components of maize under the condition of densification

THE TG R R . Thi FrhE
o Dr(f) i}iift)ion ﬁ ERKT Effective panicles %ﬂé& loj()*jiin Yield
Year quota Nitrogen level /( 10%ear - hm’z) Grains per ear weight/g /(- hm’z)
N1 8.52a 335.27d 318.7% 9.06f
Wi N2 8.67a 382.57bc 333.37cd 10.86¢cd
N3 8.50a 417.14ab 335.82cd 11.05¢
N1 8.59a 348.15¢d 328.85de 9.77e
2018 w2 N2 8.67a 416.81ab 343.93bc 12.5ab
N3 8.71a 423.09ab 350.84b 12.63ab
N1 8.62a 383.40bc 322.58e 10.29de
w3 N2 8.82a 413.02ab 348.77b 12.42h
N3 8.77a 426.78a 354.19a 12.99ab
CK 8.42a 428.48a 362.29a 13.04a
N1 8.62a 382.44e 318.93e 10.70f
w1 N2 8.63a 397.34de 337.23cd 11.42¢
N3 8.69a 415.17cd 355.67bc 12.13d
N1 8.81a 384.27e 329.36de 11.13ef
2019 w2 N2 8.55a 424.88bc 343.41cd 12.51cd
N3 8.52a 439.30ab 361.38abc 12.83abc
N1 8.64a 383.46e 331.64cd 11.17ef
W3 N2 8.62a 425.73bc 344.12cd 12.63bed
N3 8.69a 448.10a 364.26ab 13.12ab
CK 8.43a 445.36a 376.61a 13.20a
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Fig.2 Effects of reduction of nitrogen and irrigation of shallow drip irrigation on water and
nitrogen use efficiency of maize under the condition of densification
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