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Effects of reducing nitrogen fertilizer and applying organic fertilizer on apple yield and quality and soil
biological characteristics

YANG Li-li', WANG Yong-he’, HAN Wen-she', MA Lin-ying', YANG Guai—cheng', HAN Yan—yun', TONG Yan-an"

(1.College of Natural Resources and Environment, Northwest A&F University, Yangling 712100, China; 2.Soil and Fertilizer Workstation
of Xunyi County, Shaanxi Province, Xunyi 711300, China)

Abstract: This study aimed to improve the current practice of unreasonable fertilization in apple orchards and to explore a suitable
fertilization scheme for improving the soil and fruit quality and fertilizer efficiency of apple orchards. Red Fuji apples were treated using
four methods of fertilizer application : conventional fertilization (T1), optimized nitrogen reduction (T2), replacing 25% of nitrogen fertilizer
with organic fertilizer (T3), and replacing 50% of nitrogen fertilizer with organic fertilizer (T4). The total amount of nitrogen applied in the
T2, T3, and T4 conditions was half of that applied in T1. The fruit yield and quality, soil microbial biomass carbon and nitrogen, and soil
enzyme activities were determined two years after the experiment. The fruit yield was not significantly different between T'1 and T2, and the
partial productivity of nitrogen fertilizer in T2 was more than twice that in T1. T4 had the highest fruit yield, which was 5.4% higher than
that in T1. T2, T3 and T4 had a significantly higher fruit soluble sugar and sugar—acid ratio than those in T1. Compared with those in T1
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and T2, T3 and T4 had significantly lower titratable acid and a significantly higher sugar—acid ratio. T4 had the best fruit quality, and the

ratios of soluble solids, soluble sugar, and sugar—acid ratio in T4 were 1.8%, 2.7%, and 16.9% higher than those in T1, respectively. Soil

microbial biomass carbon and nitrogen and soil enzyme activities were related to the soil layer depth and the application of organic

fertilizer; particularly at a soil layer depth of 20~40 cm, the soil microbial biomass carbon and nitrogen and the activities of soil B—1,4-N-

acetyl-glucosaminidase, B — 1, 4—glucosidase, and cellobiohydrolase were significantly higher in T3 and T4 than in T1; there was a

significant or extremely significant positive correlation between each pair of them. Given these results, it is recommended to reduce the

amount of nitrogen applied in conventional fertilization by half, and replace 50% of nitrogen fertilizer with organic fertilizer in the apple

orchards of Shaanxi Province so as to conserve chemical fertilizers, increase fruit yield, improve soil and fruit quality, and ultimately

promote the sustainable development of apple orchards.

Keywords : yield; quality; fertilizer reduction; organic fertilizer; combined application; soil microbial biomass; soil enzyme activity
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Table 1 Response of apple single fruit weight, yield and partial productivity of nitrogen fertilizer to reducing nitrogen fertilizer and

applying organic fertilizer

b R FrEE R A7 1
sb Single fruit weight/g Yield/(t-hm™) Partial productivity of nitrogen/(kg-kg™)
Treatments
2018 2019 2018 2019 2018 2019

Tl 160.67+3.06a 185.67+4.04b 12.96+0.15b 30.93+0.75b 16.20 38.67

T2 160.33+3.21a 190.33+0.58ab 13.12+0.18b 31.72+0.98ab 32.80 79.32

T3 162.33+2.52a 192.00+2.00a 12.99+0.38b 31.22+0.51ab 32.48 78.06

T4 162.00+4.36a 195.50+3.97a 16.52+0.80a 32.59+0.68a 41.30 81.46

T« (A S [l NG FREFR R AL BRIE] 22 53 % (P<0.05) , Tl

Note: Different lowercase letters in the same column indicate significant differences among treatments (P<0.05). The same below.
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Table 2 Effects of different treatments on the percentage (%) of

different fruit diameters

AbF Treatments  60~70 mm 70~80 mm >80 mm
Tl 20.0 55.7 24.3
T2 19.0 54.7 26.3
T3 16.7 543 29.0
T4 19.0 483 327
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treatments (P<0.05). The same below
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Figure 1 Effect of reducing nitrogen fertilizer and applying

organic fertilizer on soil microbial biomass carbon
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Figure 2 Effect of reducing nitrogen fertilizer and applying

organic fertilizer on soil microbial biomass nitrogen

®3 RIEBEEEAVIEXRLAFERRAIZM (2019 F)

Table 3 The internal fruit quality of different treatments with nitrogen fertilizer and organic fertilizer (2019)

Jb 3 PR AR AR A E TR YR C Wil /i%
Treatments Soluble solids/% Soluble sugar/% Titratable acid/% Vitamin C/(mg-kg™) Sugar/acid
Tl 13.23+0.06b 11.04+0.14b 0.31+0.01a 20.18+0.36a 35.71+0.14¢
T2 13.24+0.05b 11.33+0.01a 0.30+0.01a 20.06+0.22a 37.88+1.70b
T3 13.26+0.05ab 11.31£0.03a 0.27+<0.01b 20.77+0.48a 41.60+0.59a
T4 13.47£0.12a 11.34+0.06a 0.27+<0.01b 20.52+0.21a 41.74+0.38a

1% WHART]



PR 5 SO RO AT LI A 2 7 it T 0 0 P R 635

1801
T a a
-
o0 7
2 L b b {7
EPT e a 7
= b b b 7
R \Be \Hl
< 7 //
of | |1 zz
g Z 7
£ 30l 7 7,
sl 7 7
= 0 7
0~20 20~40 40~60
2RI Soil depths/cm
100 [ . a
> g b o :ir“ig
2 S rE
= a
=e ab @
= o0t a a
g, b b
& -
Ez 40t
| =
<+ =
L 20t
0
0~20 20~40 40~60

1 JZ R Soil depths/cm

ey 157 a
it[u
2 b
B N
'S a g é7 N
T L T. NN
B0 N A
il b PPN o \
EZ o N ;
NS N
| = AN
=z N
! 3r 77NN
= ZN\
N N
0~20 20~40 40~60
+JZIRFE Soil depths/cm
251
a
= 2 ab
- | L
£ sy Z a
o e %
== % b b p
2 10t 7 P
LI 7 7
il 7 7
w0 Z 7
22 7
0
0~20 40~60

1 JZRE Soil depths/cm

OTl
OT2
13
N T4

N\ =
7B
N

40¢
a & a
Rt b EPIRY
= | M
//
2 24t Z .
&
2“;‘[
T 161
&K
&
8-
/.
/7,
7
0~20

20~40

40~60

+ 2R Soil depths/cm

B3 @mIEEEEREA VBT T R E R0

Figure 3 Effect of reducing nitrogen fertilizer and applying organic fertilizer on soil enzyme activity
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Table 4 Correlation analysis of yield, SMBC and SMBN, soil enzyme activity

+JZIRE Soil depths/cm SMBC SMBN AKP NAG BG CBH

0~20 SMBN 0.805%

AKP -0.179 -0.457

NAG 0.736%* 0.504 -0.067

BG 0.7647%% 0.515 -0.237 0.848%*

CBH 0.764%* 0.435 0.004 0.458 0.675*

i 0.587* 0.672% -0.423 0.618% 0.576 0.385
20~40 SMBN 0.545

AKP 0.465 0.693%

NAG 0.674* 0.856%* 0.500

BG 0.743%* 0.650%* 0.826% 0.674*

CBH 0.707* 0.869%* 0.617* 0.935% 0.723%

i 0.521 0.386 0.379 0.385 0.423 0.426
40~60 SMBN 0.624*

AKP 0.381 0.687*

NAG 0.449 0.849% 0.929%

BG 0.32 0.792% 0.779% 0.848%

CBH 0.372 0.859% 0.446 0.600% 0.692%

s 0.020 0.580% 0.206 0.433 0.303 0.574

A FIRAE R 2Z A A S s 25 (P<0.05) 5 ## /R F8hm Z A AH MM 42 2 (P<0.01) 5

Note: * indicates the correlation between the indicators is significant at the 5% level ; ** indicates the correlation between the indicators is significant at

the 1% level.
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