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1 pH<4.5 4.5<pH<S5.5
1.1 5.5<pH<6.5 6.5<pH<7.5
pH>7.5 pH 4.08
3 11.8°C
890.1 mm
#z1 I HIEEAREBEAER
Tablel Basic physicochemical properties of tested soil
(g/kg)
(g/kg) (mg/kg) (mg/kg) (mg/kg) pit (cmol/kg) (g/em?’)
10.42 112.5 37.13 115.49 4.08 1.14 1.52 255 406 339
1.2 02~03m
11a 4 0~40cm
48 40
( =
20% N-P,05-K,0 15-5-10) (N-P,05-K,0 -
15-15-15) ( 1 mol/L
Ca0 20% K,0 4% SiO, 10% MgO 5%
HA 6%) (
Ca0 20% K,0 4% SiO, 10% MgO 5%) pH L5
Sartorius PB-10
1.3
4 + 3, 5-
( 1 500 kg/hm* CF) -
+ (
1 500 kg/hm® HF) 15%+
( 1 275 kg/hm’ 28
85%HF) + (CK)
720
Excel 2007 SAS 8.1
1 2013 3 20 2 Duncan
2014 2 18
2 250 kg/hm® 2013 6
22 2014 6 17 3 000 kg/hm® 2
4 3 1 4 2.1
48 I m
20 cm 25 cm 1
8 ( 2 2
1.4 6.54% ~ 8.50% 2.72% ~
(2013 10 25 2014 4.76% 15%
10 18 ) 08~12m
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1.21% ~
2.04%(2013 ) 1.74% ~3.54%(2014 )
F2 AFREIAESLIRYEER
Table 2 Soil physical indicators under different treatments
(g/em’) (%) (g/kg)
2013 CK 1.51a 42.67b 255a 406 a 339 a
CF 147 a 42.88 b 253 a 401 a 346 a
HF 1.44 a 4354 a 257 a 409 a 334a
85%HF 144 a 43.02 ab 257 a 411 a 332a
2014 CK 1.53a 4232 ¢ 252 a 405 ¢ 343 a
CF 147 a 42.97b 245 a 417b 338 a
HF 1.40b 43.82a 242 a 439 a 319 a
85%HF 1.43b 43.07b 249 a 430 a 321 a
LSD P<0.05
(2 1
2
3.74% ~ 10.57%
15%
(3
6.17% ~ 8.40% 3.12% ~
5.28% 15%
2.2 5.31% ~ 14.35%
1
0.18~027 g/kg  0.14 ~2.23g/kg
3.86% ~ 15%
5.26%(  3)
#3 ATRLEHLIENFIER
Table 3  Soil chemical indicators under different treatments
(g/kg) (mg/kg) (mg/kg) (g/kg) (cmol/kg) pH
2013 CK 10.24 b 113.75b 3235a 1.29b 1.13a 4.06 ¢
CF 10.39 ab 11498 b 32.80a 1.32 ab 1.12a 4.12¢
HF 10.69 a 125.62 a 3432 a 141 a 0.94b 433 a
85%HF 10.57 ab 119.28 a 3443 a 1.39a 0.98b 4.19 ab
2014 CK 10.27 b 114.57 b 32400 1.30b 1.12a 4.05d
CF 10.37b 115.19b 34.12b 1.34b 1.07 a 4.19¢
HF 10.81 a 12736 a 37.05a 1.57a 0.76 b 4.64 a
85%HF 10.77 a 121.82 ab 36.30a 148 a 0.84b 4.53ab
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pH 12.41% ~ 31.79% 11.47% ~ 28.46%
(3
pH 013 23
~0.27 (2013 ) 0.48~0.59 (2014 )
0.07 ~ 0.21 (2013
) 034 ~0.45 (2014 )
15% 15%
pH
H AP 7~13 (2013 ) 6~11 (2014 )
2013 2014
x4 TRALEERTERT
Table 4 Apple yield components under different treatments
(® (o (kg) (kg/hm’) (%)
2013 CK 156 b 266 b 41c¢ 27 839b -
CF 157b 279 a 44b 29539 ab 6.11
HF 170 a 278 a 46 a 30728 a 10.38
85%HF 164 ab 273 a 45 ab 30179 ab 8.41
2014 CK 156 b 264 b 40b 27316¢ -
CF 158b 270 a 44 ab 29822b 9.17
HF 168 a 275 a 46 a 31266a 14.46
85%HF 165a 271 a 45 a 30678 a 12.31
2.4
6.11% ~ 10.38(2013 )
9.17 ~ 14.46%(2014 )
14.46% 7.41% ~ 14.77%
4.84%
15%
#5 ARLEERRREEF
Table 5 Apple quality components under different treatments
(kg/em®) (g/kg) (mg/g) (g/kg)
2013 CK 8.7a 164 a 85a 32a 26.4b
CF 84a 162 a 8.8a 3.1a 28.4b
HF 7.7 a 153 a 9.6a 28a 341a
85%HF 83a 154 a 9.0a 33a 272b
2014 CK 8.8a 162 a 83b 33a 253b
CF 83a 158 a 8.6b 30a 28.8b
HF 7.5b 154 a 9.6a 2.6a 37.0a
85%HF 8.1 ab 154 a 9.1a 30a 304 b
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15.46% 5.68% ~ 11.59%
pH
15%
pH
20.42% ~
29.12%(2013 ) 21.84% ~ 46.58%(2014 )
F6 ERFERMBRESTIFEBUEKMEXM
Table 6 Correlations between apple yield, quality and soil physicochemical properties
pH
-0.98" 0.90 0.90 0.82 0.83 —0.82 0.86
091" 0.96” 0.93" 0.97" 0.86 -0.86 0.84
0.73 —-0.89 -0.72 -0.81 -0.78 0.75 -0.81
* P<0.05 *ok P<0.01
[10]
3
3.1
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7.52%
3.74%
[15]
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5.26% 6]
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Humic Acid Soil Conditioner Improved Soil Physicochemical
Properties, Apple Yield and Quality in Acidified Orchard Soil

CHEN Shigeng', ZHANG Min'", DING Fangjun'?", GUO Xinsong’, MENG Qingyu’, WANG Huanxi’

(1 National Engineering Laboratory for Efficient Utilization of Soil and Fertilizer Resources, College of Resources and
Environment, Shandong Agricultural University, Taian, Shandong 271018, China; 2 Engineering Technology Research Center
of Shandong Province, Efficient Utilization of Humic Acid, Shandong Agricultural University Fertilizer Science Tech. Co. Ltd.,
Taian, Shandong 271000, China)

Abstract: In order to study the improvement effects of soil conditioner on soil physicochemical properties, apple yield and
quality of acidified orchard soil, four treatments were designed which included common soil conditioner + conventional
fertilization, humic acid soil conditioner + conventional fertilization, humic acid soil conditioner 85% application + conventional
fertilization, and equal nutrient fertilizer + conventional fertilization. The results showed that the humic acid soil conditioners
improved the physicochemical properties of acidified soil and increased apple yield and quality in acidified orchard. Compared
with common soil conditioner, humic acid soil conditioner reduced soil bulk density by 2.72%-4.76%, and increased silt content,
porosity, rapid potassium and pH by 3.12%-5.28%, 1.74%-3.54%, 3.74%-10.57% and 0.07-0.45 units, respectively. Meanwhile,
humic acid soil conditioner increased apple yield by 4.84%, even 85% of humic acid soil conditioner application still increased
apple yield by 2.87%. In addition, humic acid soil conditioner increased total sugar content by 9.35%-15.46% and reduced sugar
acid by 21.84%-46.58%. In conclusion, humic acid soil conditioner of 1 275 kg/hm? under conventional fertilization is regarded
as the effective way in improving soil quality and apple yield and quality in short term for acidified orchard in Jiaodong area
(pH<4.5).

Key words: Humic acid soil conditioner; Acidified orchard soil; Apple; Yield; Quality
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