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Accumulation and leaching effects of seasonal nitrogen fertilizer
in the soil profile of dryland dwarf apple orchards

LI Rong, WANG Yilin, QU Hongchao, ZHU Zhijun, ZHANG Zihao, ZHANG Hao, JIANG Rui
(College of Natural Resources and Environment, Northwest A&F University , Yangling, Shaanxi 712100, China)

Abstract: To study the accumulation and leaching of seasonal nitrogen (N) fertilizer in dryland dwarf apple
trees, soil auger sampling and "N isotope tracing techniques were used to determine the nitrogen accumulation dis-
tribution characteristics and seasonal N fertilizer residues in the soil profile (0~300 c¢cm) of six-year-old late-matu-
ring dwarf ‘ Yanchanghong’ apple orchards. The results showed that soil water content and nitrate-nitrogen content
had a strong similar trend. Nitrate-nitrogen was significantly enriched in the 80~ 140 cm soil layer in CK, N400 and
N800 treatments, with peaks of 174.9, 194.8 mg - kg™'and 211.1 mg - kg™' respectively. In the 0~300 cm soil
profiles of the CK, N400 and N80O treatments, the accumulation of total N was 10 927.3, 13 734.8 kg - hm ™ and
15 645.4 kg + hm™, the accumulation of nitrate was 1 873.5, 2 353.9 kg + hm™ and 2 892.7 kg - hm™, and the
accumulation of ammonium N was 12.2, 42.6 kg - hm“and 44.4 kg - hm™, respectively. The proportion of
nitrogen from seasonal N fertilizer in the orchard soil (0~300 ¢cm) ranged from 0.10% to 1.50% in the N400 treat-
ment and from 0.18% to 2.03% in the N8OO treatment. The proportion of total nitrogen from seasonal nitrogen fertil-
izer was significantly higher in the 80~ 100 cm layer (1.50% and 2.03% for N400 and N80O, respectively) than in
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the other layers. The residual rates of TN="N, NO;-"N and NH;-"N were 21.6%, 19.2% and 0.2% under
N400 treatment and 48.8% , 39.3% and 0.3% under N80O treatment, respectively, and the residual rates of N in

the soil increased significantly with the increase of applied N, and were mainly nitrate N. The residual rates of NO;

—"N in the 100~300 c¢m soil layer were 8.5% and 25.5% for N400 and conventional N80O treatments, respective-

ly. The N fertilizer leaching out of the root zone (0~80 cm) in the season was obvious. The optimum fertilizer ap-

plication rate and the effect of fertilizer application rate on yield are still to be determined on the basis of N400.

Keywords: apple; "N; N application rate; nitrate nitrogen
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Table 1  Physico-chemical properties of the experimental soils
. HE Li[W5is £ i RA
LEE GRUR R R
. Bulk Organic Total Mineral
Soil depth . . . pH
Jem density matter nitrogen nitrogen
/(g em™) /(g-kg') /(g-kg') /(mg-kg")
0~20 1.267 8.58 0.84 9.67 8.35
20~60 1.547 7.26 0.76 240.25 8.40
60~100 1.312 4.73 0.47 115.54 8.45
100~ 140 1.443 4.18 0.34 173.72 8.27
140~200 1.384 3.48 0.29 92.64 8.32
200~300 1.384 3.09 0.25 84.44 8.30
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Fig.2 Experimental plot (a) and micro-area (b) layout
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Table 2 Fertilization treatment in micro-area

AEFE Treatment N BN P,04 K,0
CK 0 0 24 32
N800 19.6 50 24 32
N400 89.1 50 24 32
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Fig.3 Changes in inorganic nitrogen concentration of dwarf apple orchards under
different fertilization treatments from November 2018 to October 2019
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Fig.5 Distribution of nitrogen content in soil profile at mature stage of apple orchard
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Fig.6  Nitrogen accumulationof each soil layer in apple orchard at fruit ripening stage
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Table 3  Nitrogen residue of apple orchard at fruit ripening period

TN-N B8/ o (FREFE/ %)

NO; - N Sk B it/ g (SR P /%)

NH;-"N kB 5/ g (5 EH/ %)

Sioil%'fprtg; TN-"°N residue amount/g NO3;-"°N residue NH; =N residue
Jem (residue rate/%) amount/g ( residue rate/% ) amount/g (residue rate/% )
N400 N800 N400 N800 N400 N800
0~100 2.67(11.7) 4.35(18.9) 2.45(10.7) 3.30(14.3) 0.016(0.1) 0.034(0.1)
100~ 300 2.29(10.0) 6.87(29.9) 1.97(8.5) 5.74(25.0) 0.032(0.1) 0.037(0.2)
0~300 4.96(21.7) 11.22(48.8) 4.42(19.2) 9.04(39.3) 0.048(0.2) 0.071(0.3)
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Table 4  Effect of different fertilizer application

rates on apple yield

L R S

LSz . . A Yield
Treatment Av:,frage'smgle Average yield /(ke - bm™)
fruit weight/g per plant/kg
CK 221.76a 17.19b 21491.89b
N400 226.38a 31.25a 39057.66a
N800 215.04a 30.14a 37679.78a

T (BN NG SRR Ab Bl ) 2% 5 1 35 (P<0.05) .
Note ;: The different lowercase letters in the same column indicate sig-

nificant differences among treatments ( P<0.05).
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