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Effects of humic acid urea on maize yield and the fate of fertilizer nitrogen

ZHANG Shui-gin'?, YUAN Liang', LI Wei', LIN Zhi-an', Li Yan-ting', HU Shu-wen’, ZHAO Bing-qiang"*, LI Jun'
( 1 Key Laboratory of Plant Nutrition and Fertilizer, Ministry of Agriculture/Institute of Agricultural Resources
and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China;
2 College of Resources and Environmental Sciences, China Agricultural University, Beijing 100193, China )

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
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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) - FHLB (g/kg) 2 (g/ke) AR (mg/kg) A3 (mg/kg) HAH (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
PR AR LR S BB 57.55% 1 1.25%, MR S4B .

PEEE | RIEFM R E 550 6,30, 4.00 F11.30
mmol/g, E/E,{EH 3.62,

PEICAEAL A &« KR I AR 5 %o 1 L B3]
WINEIEMGIRE T, MR B hiE, o
i (2.0 mm), A% R R PR L5077 i HAU; W)
BF, A AU AR R S AR I PR ZE ™= 5 U BT
FRAEAL ™ & HAU 1 U B3 A% 5% HG/T 5045-
2016 HATINE, S5 2,

1.2 R

RIET 201548 6 H 15 H~10 7 3 AfEHEL
Ml A2 BE A PH R B - R S R 3 5 ) =
(36° 50’ N, 116° 34’ E) #tf7. KA LB EE
5, BEFHNAE 25 cm, 7 100 em [ PVC 4 HA +
o, O S HIE 3 em, LABG IERETR S PR AR nO
BRWWmA, FAHD, 5K EEEM, Bl
H A A SRR IR . AT+ 50 kg, 30—
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Table 2 Basic properties of the experimental fertilizer

HEE (¥E B HATR 5 ik (%) ARG (%) N £ (%) B MR (%)
Fertilizer Code Humic acid content N content 15N abundance Biuret content
JRZ Urea §] 0.00 4421 10.24 1.12
JE5R IR % Humic acidurea ~ HAU 0.51 44.21 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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T A 114 SR 3R A R WA A ARk 2R s 43 i)
4012 g F10.683 g, W ET UALRHE 32.8% 1 11.5%
(P <0.05), HAU AbFRAFE K ZEFFFUFFRLE AW IL
B0 0313 g F12.867 g, kb U AFEA 5115 67.4%
F132.7% (P < 0.05); T T K ZEFFFUFFARL A RE R
W HAU AR BEAM I b U b BE G 3R 5 34.1% FiI
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Table 3 Aboveground dry biomass and its allocation in maize organs under different treatments

s o T it i Fk it
Treatment Leaf Stem Bract Cob Grain Total
CK 51.0£1.1b 40.1+23b 125+1.1b 188+0.6b 166.0£3.3 ¢ 2883+54¢
U 58.0+3.0a 471+3.4b 200+2.8a 21.0+1.7a 178.6+3.4b 3247+11.5b
HAU 608+ 1.7a 59.7+39a 19.6+08a 254+09a 203.9+38a 369.4+75a
7 (Note) : U—JRZE Urea; HAU—JE 4 RJK 2 Humic acid urea. [F]—3 55 G A E)/INE FREF R AP 2 [0 22 573 B 2 (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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Table 4 Maize grain yield components under different

treatments
Qb3 R (g) TR
Treatment 100—grain weight Grains per ear
CK 302+0.8a 549+ 17b
U 313+12a 576 +25 ab
HAU 324+08a 637+22a
# (Note) : U—JRZE Urea; HAU—JEHifiRJK £ Humic acid

urea. [AIFVEUHE G ARR/NG FREFR R G E 25 B2 (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
[[# (Note) : U—JRZE Urea; HAU—JE BRI & Humic acid urea. ¥ FAN[E/NG 7R AL 22 7] 22 53 5 2 (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

Lb 3 Ak} 5% B8 it Residual fertilizer N amount (g/column)

Treatment 0—15 cm 15—30 cm 30—50 cm 50—70 cm 70—90 cm BT Total
U 0.106 b 0.082a 0.075a 0.020 2 0.007 a 0290a
HAU 0.120a 0.087a 0.068 a 0.011b 0.008 a 02932

¥ (Note) : U—JRZE Urea; HAU—JEJHAR KR ZE Humic acid urea. [FFEHE G AN F/NG F AR R4 2 (8] 22 5 8.3 (P < 0.05) Values

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

*6 NEALEBEREMNZEE

Table 6 Fate of fertilizer N under different treatments

. FKIEIR Maize uptake +1e5% F Soil residue 12k Loss
Trifent Wi (N g/column) FIHZ (%) B8 (N g/column) BRHE (%) 5 E (N g/column) R (%)
Uptake Use efficiency Residue Residue rate Loss Lost rate
6] 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 455 0.293 +0.003 a 19.5 0.524 £0.006 b 349

I (Note ) : U—FKZE Urea; HAU—J@7HRIKEK Humic acid urea. [FIFEHEE A R/ING FREFORAL I [7] 22 55 2 (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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