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was studied in order to provide a theoretical basis for increasing in yield of maize benefited from nitrogen fertilizer and reducing
nitrogen fertilizer pollution to the ecological environment. [ Method] A field experiment was started in 2014 in Boai county, Henan
province where the cropping system was winter wheat and summer maize rotation and the soil was Fluvo-aquic soil. The experiment
included 5 treatments: No N fertilizer (single PK fertilizer), conventional fertilization, conventional fertilization+humic acid,
conventional fertilization and nitrogen reduction 15%thumic acid, conventional fertilization and nitrogen reduction 30%+humic acid,
and the effects of different nitrogen application on the growth, yield and yield components of summer maize were studied. The
effects of different parts of plants on nitrogen uptake, accumulation and distribution, nitrogen use efficiency and economic benefit of
summer maize under different fertilization levels were analyzed. [ Result] Compared with the conventional fertilization treatment,
application of P, K fertilizers decreased the stem diameter, ear length, ear diameter, and leaf area index by 4.61%, 8.55%, 6.20%,
26.91%, bald length increased by 21.60%. Compared with single application of P, K fertilizer, conventional fertilizer treatment
increased the single grain number per ear, 100-grain weight and yield by 8.01%, 10.85%, and 44.45%, respectively. The nitrogen
content and nitrogen accumulation in grain were decreased by 6.67% and 54.07%, in addition, the conventional fertilization
treatment increased the production value, net income and input-output ratio by 44.45% and 59.80%, and 43.84%, respectively,
showing that nitrogen fertilizer can promote maize plant growth, improve each index of biological characteristics, greatly improve
the summer maize, increase the concentration and accumulation of each part of maize plant, and further to improve the maize output
value, net income and input-output ratio. Compared with the conventional fertilization treatment, the combination of humic acid and
fertilizer could effectively improve the agronomic traits of summer maize, improve the yield of summer maize, promote the
accumulation of nitrogen in plant and improve the utilization rate of nitrogen fertilizer. The effect of conventional fertilization with
reduced nitrogen by 15% plus humic acid treatment was the best compared with the conventional fertilization, and the plant height,
stem diameter, ear length were increased by 3.73%, 2.30%, and 0.12%, the length of bald decreased by 22.45%, the yield increased
by 12.88%, grain nitrogen content, the accumulated amount of grain nitrogen, the total accumulated nitrogen amount of aerial part,
and the harvest index were increased by 2.68%, 25.98%, 10.70%, and 13.79%, respectively. Nitrogen agronomic efficiency, nitrogen
partial productivity, nitrogen contribution rate, and nitrogen utilization rate increased by 57.46%, 28.84%, 22.23%, and 59.86%,
respectively. Net income increased by 8.66%. In the conventional fertilization with reduced nitrogen fertilizer by 15% and plus
3 000 kg-hm™ of humic acid could effectively increase the yield of summer maize, improve nitrogen use efficiency; but 30%
reduction in nitrogen led the output and income of summer maize decreased.[ Conclusion]Nitrogen fertilizer has positive effects on
maize growth and development, not only can promote the growth of summer maize, but also can increase the yield, improve the
nitrogen content in different parts of plant, promote the absorption and distribution of nitrogen, improve the utilization rate of
nitrogen fertilizer. However, excessive or small amount of nitrogen fertilizer can reduce economic benefits and ecological
environment benefit. On the basis of the application of humic acid, the appropriate amount of nitrogen fertilizer could get higher
production value and income. The conventional fertilization with nitrogen reduced by 15% plus 3 000 kg-hm™ humic acid is the
best fertilization mode in the study area. At the same time, while this fertilizer application method not only can promote the growth
and development of summer maize, but also can improve the yield and composition of summer maize, promote nitrogen absorption
and utilization of plants, improve the utilization of nitrogen fertilizer, increase the output value of summer maize and net income. It
is of great significance to realize the high yield and high efficiency, resource conservation and ecological environment protection of
modern agricultural production.

Key words: humic acid; summer maize; nitrogen fertilizer; nitrogen fertilizer use efficiency; yield
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Table 1

The state of fertilization in various treatments (kg~hm’2)
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HRUENEIRE 15%+HIE AR 191.25 135.00 60.00 3000.00
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Table 2  Effect of different fertilization treatments on plant characteristics of maize plant

pusi! MR Eviil K vl TR 2 FTK
Treatment Plant height (cm) Stem diameter (cm) Ear length (cm) Ear diameter (cm) LAI Bared length (cm)
T1 239.17ab 2.07a 15.29b 4.69b 1.63b 1.25a

T2 241.33ab 2.17a 16.72a 5.00a 2.23ab 0.98ab

T3 247.83a 2.18a 16.58a 5.02a 2.42a 0.86ab

T4 250.33a 2.22a 16.74a 5.01a 2.48a 0.76b

T5 242.67ab 2.12a 15.45ab 4.84ab 2.22ab 0.96ab

e Edls g 2014 4EA 2015 AETME s FIZINEER S A FNS FRERIRTE 0.05 KT EEREE. T

Data are mean value of 2014 and 2015; Different letters in a column mean significant at the 0.05 level. The same as below
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Table 3  Effect of different fertilizer treatments on yield and it’s component

B 2014 2015 2014 4FF1 2015 473 Average of 2014 and 2015
Treatment g pRE R MR ARE R HRLL iR Pk T
Grains 100 grain yield Grains 100 grain yield Grains 100 grain ~ Average yield Increased rate
per ear weight (g)  (kghm™®) per ear weight (g)  (kghm?) per ear weight (g) (kghm™) (%)

T1 568.50d 28.25¢ 7628.60d 558.10c 28.13¢ 7324.90c 563.30b 28.19b 7476.75¢ —
T2 607.80b 31.24b 10743.00bc  609.00b 31.26b 10857.60ab  608.40ab 31.25a 10800.30ab 44.45
T3 623.80a 31.41b 11509.30ab  624.60a 31.43b 12410.30a 624.20a 31.42a 11959.80a 59.96
T4 601.90bc 33.58a 11897.30a 603.70b 33.74a 12485.20a 602.80ab 33.66a 12191.25a 63.06
T5 571.20d 30.92bc 9755.40c 568.20c 30.86bc 9700.24b 569.70b 30.89a 9727.82b 30.11
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Data are mean value of 2014 and 2015; Others indicate for the tassel, husks and cob and other mixed samples. Different lowercase letters indicate significant
differences under various treatments in the same organ at P<<0.05
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Fig. 1 Effects of different treatments on the nitrogen content in different parts of summer maize
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Table 4 Effects of different fertilizer treatments on N accumulation and allocation of summer maize plant (kg-hm™)

posi! KL ES i HoAth B RAFEBERIREL
Treatment Grain Stem Leaf Others Total accumulation Nitrogen harvest index (%)
T1 78.51d 15.55b 44.71b 8.75¢ 147.52¢ 53.22a

T2 120.96b 19.51a 56.66a 13.00a 210.13ab 57.57a

T3 138.73ab 21.81a 54.26a 14.54a 229.34a 60.49a

T4 152.39a 18.36ab 48.32a 13.53a 232.61a 65.51a

T5 109.92¢ 20.08a 52.0la 10.16b 192.17b 57.20a

F By 2014 4EH1 2015 4ERFHEME Table data are mean value of 2014 and 2015
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Table 5 Effects of different fertilizer treatments on nitrogenous
fertilizer utilization efficiency of summer maize

Ak B AUl FINmWAE ) ATtk ZUIEAI %
Treatment ~ Agronomic N Partial factor Nitrogen Recovery

use efficiency productivity of contribution efficiency of N

(kgkg™) N fertilizer efficiency fertilizer

(kg'kg™) (%) (%)

Tl — — — —
T2 13.33b 47.50¢c 28.07ab 27.83¢
T3 17.03ab 51.20b 33.26a 36.37b
T4 20.99a 61.20a 3431a 44.49a
T5 12.95b 61.76a 20.96b 28.35¢

TR A 2014 £ 2015 AEFIME
Table data are mean value of 2014 and 2015

(P<0.05) . Hrf, T2 AbFEF={H. didlezi. =&
FL#E T1 AR B> 5088 0 44.45% . 59.80% 43.84%,
it FH I R DA A 3 B v B OK A Al 2 A
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11 1] e AN

Jit P B8 BEL R NS T K 7 B R R 1 5

2195

i 17.46% 13.97%. TS AFAEF={H . 2ifiizi. 7=
L& H5 AR 7 MR T T2 AbFE, 4% T2 AbFE 4 5 BE A%
17.87%- 20.89%- 36.51%. ¥ Fjiti A i L mk - fic e
— P JE R T LA B S I B K ) 7 R RN Al
Ao EFTA KB A R 15% 10 It S5 e 1 1 Ak 3 A

Fabi e as femn, (HIERA 30% 4t PS8 E L
KPR = (A B o bl Tt FH 6 B R 086 I 1 A 0t 4
NFISLARFE N, JLP= 45 LU I 2 A0 T it 10 A B
JE AR AL . 2 BRI, T4 AbER RN 15% 00 it JE i
P 7 2B 7= v B LA S AN

®6 AREAEME EREFFUEAIF M

Table 6 Effects of different fertilizer treatments on economic benefits of summer maize

pusi! JeE 7AH RGN AN ISES I alilfg i sidaa
Treatment Yield Yield value Agricultural Other inputs Total inputs Net income Ratio of
(kg-hm™?) (yuan/hm?) inputs (yuan/hm?) (yuan/hm?) (yuan/hm?) (yuan/hm?) output to input
T1 7476.75¢ 13458.15¢ 1323.00 2900.00 4223.00 9235.15¢ 2.19¢
T2 10800.30ab 19440.54ab 1683.00 3000.00 4683.00 14757.54ab 3.15a
T3 11959.80a 21527.64a 2883.00 3100.00 5983.00 15544.64a 2.60b
T4 12191.25a 21944.25a 2829.00 3080.00 5909.00 16035.25a 2.71b
T5 9727.82b 17510.04b 2775.00 3060.00 5835.00 11675.04b 2.00c

R EAE A 2014 4R 2015 AERPPIME: RPRBEBNGIERT . AR, b, JREN 1.6 Jt/ke, WIBERES 0.6 Jo/ke, HALHIN 3.2 Jt/ke,
JEEHERR 0.4 TC/kg. FABBINEFENMAELA N THN, 2015 45, KIS INHEA 1.8 To/kg

Table data are mean value of 2014 and 2015; Agricultural inputs, including seeds, fertilizers and pesticides, among them, urea is1.6 yuan/kg, superphosphate 0.6
yuan/kg, potassium chloride is 3.2 yuan/kg. Other inputs, including machinery and labor put into operation, straw to field, 2015, the corn market price is 1.8

yuan/kg
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