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Effects of humic acid urea on maize yield and the fate of fertilizer nitrogen
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Abstract: [ Objectives ] In this study, effects of humic acid urea on maize dry biomass, grain yield, and the fate
of fertilizer nitrogen were investigated. The result could provide a theoretical and practical basis for the prodection
of humic acid fertilizer with better quality and higher efficiency. [ Methods ] Zhengdan 958 was selected as the
test maize cultivar, and the tested humic acid urea was synthesized in the laboratory . The experiment was carried
out by using technique of the “N-label and soil column culture. No nitrogen (CK), common urea (U) and humic
acid urea (HAU) were included as treatments, and all fertilizer was applied into 0-30 cm soil layer as base
fertilizer. After the harvest, the maize shoots were collected and divided into five parts: leaf, stem, bract, cob

and grain. Then, the dry biomass, nitrogen contents and "N abundance in all parts of maize shoots were

IS BEA: 2017-02-20 HEZHE: 2017-06-04

EEWmE: BEARPEELSRHTH (31601827) 5 “T=H” EZRE MM AITRITE (2016YFD0200402 ) ; Hr 944\ 25 PERHIFBE BT
LI 4B H (IARRP-2014-5) ¥EBi,

TEEREN: HoKkE (1988—) , %, WMHEA, Mot FENFFANEHS ., E-mail: shuiqin08@163.com
* il {5 /E#H E-mail: zhaobinggiang@caas.cn



1208 HYEFSER %R 23 4%

determined, and ear traits were tested as well. The soil samples in different soil layers (0—-15 cm, 15-30 cm,
30-50 cm, 50-70 cm, 70-90 cm) were collected after the harvest, and nitrogen contents and "N abundance were
determined subsequently. [ Results ] The dry biomass of shoots and individual organs, except bract, showed an
ascending order as CK < U < HAU, no significant difference existed in the allocation ratio of dry matter in
aboveground organs among the treatments. The aboveground dry biomass in HAU was 13.8% higher than that in
U, and grain yield in HAU was 14.2% higher than that in U. The HAU enhanced grains per ear significantly (P <
0.05), while increased the hundred kernels weight slightly. The uptake amounts of total N and fertilizer N in
each column in HAU were 0.989 g and 0.072 g more than those in U, respectively. The fertilizer nitrogen use
efficiency in HAU was enhanced by 4.80 percentage points compared with that in U. The allocation proportion
of fertilizer N and total N in different organs showed an ascending order as: bract and cob < stem < leaf < grain,
and grain possessed 65.7%—74.2% of total N and 58.6%—60.5% of fertilizer N in shoots. The fertilizer N
amounts accounted for 13.3%-30.9% of total N in individual organs. There was no significant difference in the
total residue of fertilizer N between HAU and U. The residual amount of fertilizer N in 0-30 cm soil layer in
HAU was higher than that in U, while the residual N in 30—90 cm showed an opposite trend. The loss rate of
fertilizer N in HAU was 34.9%, which was lower than that in U by 5.1 percentage points. [ Conclusions ] Under
the experimental condition, the application of humic acid urea could improve the maize aboveground biomass and
grain yield, and regulate the fate of fertilizer nitrogen by enhancing fertilizer N uptake and reducing its leaching to
soil deeper than 15 cm.

Key words: humic acid urea; maize; yield; *N-label technique; fate of fertilizer nitrogen
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Table 1 Basic physicochemical properties of the experimental soil

TR (cm) . FHLRE (g/ke) 2% (g/kg) B A (mg/kg) B (mg/kg) R (mg/kg)
Soil depth P Organic matter Total N Available N Available P Available K
0—20 8.49 11.29 0.78 53.68 17.79 131
20—90 8.54 10.70 0.69 58.15 8.80 115
MR E TR SRR 57.55% F1 1.25%, BER SULETRIE

PEREE . R A S R 5100 6.30. 4.00 F11.30
mmol/g, E/E,{HH 3.62.
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Table 2 Basic properties of the experimental fertilizer

Rkt R R & 1 (%) A %) SN I (%) 5= IRAE (%)

Fertilizer Code Humic acid content N content 5N abundance Biuret content
JRZ Urea U 0.00 4421 10.24 1.12
JEFERRPR R Humic acidurea  HAU 0.51 4421 10.16 1.14
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Fig. 1 Precipitationirrigation, daily mean sunlight duration and daily mean temperature during maize growing season
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Table 3 Aboveground dry biomass and its allocation in maize organs under different treatments

e o = e KA it
Treatment Leaf Stem Cob Grain Total
CK 51.0+1.1b 40.1+£23b 125+1.1b 18.8+0.6b 166.0+3.3 ¢ 288.3+5.4¢
U 58.0+3.0a 47.1+34b 20.0+2.8a 21.0+1.7a 178.6+3.4b 3247+11.5b
HAU 60.8+1.7a 59.7+39a 19.6+0.8a 254+09a 203.9+38a 3694+75a
i (Note) : U—JRZE Urea; HAU—JEFHRIR % Humic acid urea. [F— 5 5 ARG FHEFR A0 H 2 ] 22 7 3% (P < 0.05) Values

followed by different small letters in the same column mean significant differences among treatments (P < 0.05).



51

SKROKE, S5 TR PR Z X E K i SRR 25 ] 4 5 )

1211

x4 TRICEERITR~EMWAK

Table 4 Maize grain yield components under different

treatments
Jb3 HHRLE (g) FHRLEL
Treatment 100—grain weight Grains per ear
CK 30.2+0.8a 549+£17b
U 313+12a 576 £ 25 ab
HAU 324+08a 637+22a

7 (Note) : U—JRZ Urea; HAU—J& 42K Z Humic acid
urea. [RFEHE G A R/NG 1 2R A0 Bl R 25 5 3 (P < 0.05)
Values followed by different small letters in the same column mean
significant differences among treatments (P < 0.05).
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Fig. 2 Total N and fertilizer N uptake of maize shoots under different treatments

[1E (Note) : U—JRZE Urea; HAU—JE 52 PR & Humic acid urea. ¥ AN[E/NG FHER RN 2 8] 24 5 8 38 (P < 0.05)
Different small letters above the bars indicate significant differences among treatments (P < 0.05).]
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Table 5 Residual amounts of fertilizer N in different soil layers under different treatments

b MR A5 B3 = Residual fertilizer N amount (g/column)

Treatment 0—15cm 1530 cm 3050 cm 50—70 cm 70—90 cm it Total
U 0.106 b 0.082 a 0.075a 0.020 a 0.007 a 0.290 a
HAU 0.120 a 0.087 a 0.068 a 0.011b 0.008 a 0.293 a

1 (Note) : U—JRZE Urea; HAU—JEFHRIR & Humic acid urea. [R5 EHE G A F/NEG TR R 2 (8] 22 57 52 (P < 0.05) Values
followed by different small letters in the same column indicate significant differences between treatments (P < 0.05).

*6 TRILEEHENED

Table 6 Fate of fertilizer N under different treatments

. FKMIL Maize uptake +3E5R B Soil residue %K Loss
Trj;tfent Wi (N g/column) FIHIZ (%) 5 EA it (N g/column) FRERR (%) ki (N g/column) R (%)
Uptake Use efficiency Residue Residue rate Loss Lost rate
U 0.611+0.012b 40.7 0.290 +0.004 a 19.3 0.599 +0.001 a 40.0
HAU 0.683 +0.056 a 45.5 0.293 +0.003 a 19.5 0.524 +0.006 b 34.9

7 (Note) : U—JKZE Urea; HAU—JEFHRIR Z Humic acid urea. [R5 EHE G A F/NG FEEFR R I 2 (8] 22 57 53 (P < 0.05) Values
followed by different small letters in the same column indicate significant differences between treatments (P < 0.05).
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