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Interaction of nitrogen fertilizer and plant growth regular on plant
morphology and yield in spring maize of cold region

ZHANG Qian', ZHANG Ming-cai', LIU Ming?, TAN Wei-ming',
XIAO Jia-lei® , LAl Yong-cai?, LI Zhao-hu', DUAN Liu-sheng'"
(1. College of Agronomy and Biotechnology/Engineering Research Center of Plant Growth Regulator of Ministry of Education,
China Agricultural University, Beijing 100193, China;
2. Institute of Crop Cultivation and Farming, Heilongjiang Academy of Agricultural Sciences, Harbin 150086, China)

Abstract Excessive use of nitrogen fertilizer resulte in the lodging of maize, thus limite the potential yield of maize.
Plant growth regulator (PGR) can effectively solve the problem of maize lodging. However, previous researches on the
interaction between nitrogen and chemical control were lack of deeping study yet in spring maize of cold region. In this
study, Zhengdan 958 and Xianyu 335 were used to study the interaction between nitrogen and chemical control in spring
maize of cold region. Under different N rates, PGR 30% Hex-ethyl-aqua was applied through foliar at the early jointing
stage (seven expanded leaves) . Our results showed that plant height.ear height, the angle between the stem and leaf
and the length of the 3™ basal internode were increased with the increase of nitrogen application. In addition, the results
showed a tendency of increase in the leaf area index (LAl , diameter of internode, carbon content and lignin content
following decrease with the increase of nitrogen application. However, the ratio of carbon and nitrogen in internode and
strength of breaking-resistance were decreased with the increase of nitrogen application. Medium application of nitrogen

(180 kg/hm?) could improve the structure of canopy and promote yield. The plant height, ear height, leaf angle, LAl and
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the length of the 3" basal internode were decreased after treatment with 30% Hex-ethyl-aqua. However, the diameter of

internode, carbon content, lignin content, the ratio of carbon and nitrogen in internode and strength of breaking-resistance

were increased after treated with PGR. In general, application of Hex-ethyl-aqua could improve the lodging resistance

and increase the yield of maize. Overall,,our results demonstrated that application of the medium nitrogen (180 kg/hm?)

with 30% Hex-ethyl-aqua was the optimum cultivation practice in maize of cold region due to the best yield, plant

morphology , population structure and lodging resistance force.

Key words spring maize; nitrogen fertilizer; chemical control; yield; lodging-resistant
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Table 1 Effects of chemical control on yield and components of spring maize under different N rates
Ab B A7 T AR HORigr/  THE/g i ¥ Hig i/
Treatment FE/ ChEL/FH) Thousand  (10° kg/hm?)  (10° kg/hm?)
(i /m?*) Kernels kernels Yield Theory yield
Ear number weight
% 1(a) ZUEAF %% Low N 7.6a 605.9b  319.3a 10.93 b 14.6 b
N rate F1 & Middle N 7.6 a 618.3 a 321.6 a 11.45 a 15.2 a
A High N 7.7 a 608.6 b 317.3 a 10.95 b 14.8 b
o dz 4k 3 Xf g CK 7.6 a 603.6 b 315.9 a 10.86 b 14.5 a
Chemical control  ft#% HK 7.7 a 618.2 a 322.9 a 11.35 a 15.2 b
ditr X5 958 ZD 958 7.7 a 606.0 b 315.8 b 10.98 a 14.8 a
Cultivar 5k 335 XY 335 7.5b 615.9 a 323.0 a 11.24 a 14.9 a
F { F value

2 1(b) % Cultivars 22.50" 18.60™ 12.32" 2.26™ 1.39™
Effect N 1. 88 10.72 1.50™ 3.97" 9.16"
HK 1.83™ 40.61" 5.81°" 7.79" 49.20™
Cultivars * N 1.73™ 2.35™ 0.22™ 0.47™ 0.73™
Cultivars * HK 0.82™ 0. 04™ 1.28™ 0.03™ 0.09™
N x HK 0.26™ 2.30™ 0.09™ 0. 36™ 2.16™
Cultivars * N » HK 0.06™ 0.29™ 0.11™ 0.09™ 0.03™

T« 6] — 31 N [a] — 4b 30 R 38 B0 /5 Bl /NS F RN R R ORAE 0. 05 AKF 2R W E (n=3); K3 FH 5257 B EFKF *x,P<0.01,
% ,P<C0.05,P=0.05, KA.

Note:In each factor treatment, different lowercase letters within the same column indicate significantly different at 0. 05 probability level (n

=3); F values and significance levels are given ( ¥x P<C0.01, * P<C0. 05 and " P=0. 05). The same as below.

F2 FAEEBKETHELEINEERES

oA

Table 2 Effects of chemical control on morphological of spring maize under different N rates
b MR /em AL E/em Z5f/mm e A/ T AR AR L

Treatment Plant height Ear height = Stem diameter Leaf angle LAI
% 2(a) ANIKF XA Low N 309.1b 116.5 b 19.1b 19.0 b 6.12 b
N rate F1 & Middle N 308.4 b 118.4 b 19.5 ab 19.1 ab 6.46 a

EA High N 317.1 a 125.3 a 19.9 a 19.6 a 6.34 ab
a4k 2 Xt CK 313.8 a 125.6 a 19.2 b 19.4 a 6.46 a
Chemical control ki HK 309.3 b 114.6 b 19.8 a 19.1 a 6.22 b
i A FREA 958 ZD 958 292.2 b 125.7 a 19.7 a 16.9 b 6.26 a
Cultivar JeE 335 XY 335 330.9 a 114.5 b 19.6 a 21.6 a 6.42 a

F{H F value

2 2(b) R Cultivars 629. 00" 41,40 1.54™ 708.00" 1.72™
Effect N 13.21™ 9.59™ 4.99" 3.87" 3.75"
HK 8. 38" 39.90" 8.81™ 3.33™ 3.77"
Cultivars x N 7.347 0.21™ 0. 14™ 0.56™ 0.18™
Cultivars * HK 0. 34™ 0.31™ 0. 89™ 0.06™ 0.09™
N x HK 0.35™ 0.05™ 0.35™ 0.09™ 0.07™
Cultivars * N % HK 0.51™ 0.27™ 0.67™ 0.00™ 0.02™
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Fig. 2 Effects of chemical control on length and diameter

of 3" internode under different N rates

£33 FRAEKFTHELENEEREFEITEAVRSENZ N

Table 3 Effects of chemical control on material content in 3™ internode of spring maize under different N rates
b f A e £ 4 %2 dHER VNGES
Treatment C content N content hemicellulose content Cellulose content Lignin content

% 3(a) HAEKF & Low N 26.9b  0.78b 20.2 a 32.0 a 5.16 b
N rate F1 A Middle N 32.1a 0.94 a 20.6 a 31.8 a 6.26 a

=& High N 25.9b 0.95 a 20.5 a 31.3 a 5.78 ab
gz 4k 1 Xt CK 26.9b 0.8 b 20.0 b 3.0 b 5.50 b
Chemical control fb$&# HK 29.7 a 0.90 a 20.9 a 32.5a 5.96 a
st Fof e 958 ZD 958  27.4b  0.88a 20.6 a 31.7a 5.70 a
Cultivar JeE 335 XY 335 29.3 a 0.88 a 20.3 a 31.8 a 5.76 a

F{f F value

% 3(b) BN Cultivars 21,12 0.69™ 1.06™ 0.17™ 0. 16"
- N 52.50™  48.83" 0.55™ 0.70™ 15.32™"
Effect N )
HK 25.11™ 6.98 * 9.28™ 17.50* 7.88"
Cultivars * N 7.897 18.12™ 2.42™ 8.75™ 33.54™
Cultivars * HK 2.55™ 0.01™ 0.10™ 0.01™ 0.09™
N % HK 3.73 % 5.367 0.18™ 0.28™ 3.96™
Cultivars * N * HK 0. 25™ 0.02"™ 1.27™ 1.23™ 0.95™

TE BRIk = T A R

Note: Content of carbon= content of soluble sugar + content of starch
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Table 4 Effects of chemical control on C/N in 3™ internode of

two spring maize under different N rates

AN A P AL vt 7o A L

(N rate) C/N (PGR) C/N (Cultivar) C/N
KA Low N 34.49 Xt g CK 31. 28 FREL 968 ZD 958 31. 14
F A& Middle N 34.15 k¥ HK 33.00 S E 335 XY 335 33. 30
254 High N 26. 98
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5 RE 5 bty Bl 847 AE AR RO S Al Ak B S 25 38
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Figure (a) is strength of breaking-resistant of ZD 958,figure (b) is strength of breaking-resistant of XY 335
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Fig. 3 Effects of chemical control on strength of breaking-resistant of 3™ internode under different N rates
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