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Analysis of Effect of Soil Quality After Orchard
Established in Hilly Loess Plateau
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Abstract: [Objective] The study of soil quality after orchard established on slope cropland is of importance to exploration of
the soil quality evolution and its evaluation during the agricultural production in loess hilly region. [Method] Orchard at different
years in loess hilly region was chosen as the subject to reveal changes in soil quality through experimental analysis and statistical
method, and the slope cropland was used as reference. [Result] The results showed that soil physical properties and anti-erodibility
did not change markedly or had a little decrease at the early stage of the land use from slope farmland to orchard, then improved

significantly with the following years, and kept stable from 20 to 30 years. Soil organic C, total N content increased slowly with the
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years and reached the peak from 20 to 30 years. Available N improved significantly after 2 years and then increased gradually. Total P
and available K dropped at the early stage of restoration and then increased, reached the peak from 20 to 30 years. Available P had no
significant change in the first 10 years. The value of pH increased at first but then dropped, which was opposite to CaCO;. The
content of soil microbial biomass C increased significantly at the early 5 years and then kept stable, soil microbial biomass P did not
vary at the early 10 years and then increased markedly. Basal respiration increased drastically 10 years later and substrate-induced
respiration increased significantly 5 years later, then kept stable. Metabolic quotient dropped markedly compared to slope cropland at
the early stage but gradually improved with the increase of years, 15 years later, tended to be stable. Urease, alkaline phosphatase,
saccharase and cellulase activity increased slowly at early stage and kept stable in 20-30 years. Catalase activity took on wave-like
increase, amylase and polyphenol oxidase generally tended to slow drop with years and then kept stable from 10 to 30 years. Soil
quality index (SQI), an integral indicator reflecting soil phyico-chemical and biological properties, increased markedly in the early 20
years and kept stable in 20-30 years. Regression analysis showed that SQI took on linear increasing with years (7=0.946).

[ Conclusion] The slope farmland had a low content of soil quality (including physico-chemical, biological properties) due to
improper tillage practices and heavy erosion. Compared with slope cropland, soil quality improved quickly at the early stage of
orchard and tended to be stable with the following years. The ecosystem of orchard faced a strong ecological stress because of its
high output based on a high input.

Key words: loess hilly region; artificial orchard; soil quality
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Table 1 Description of the sampling plots

FEd S AERR R TR YEY Crop
Sites Age (a) Altitude (m) Soil type

SL 0 1175 Wt LS BT Setaria italic(L.)

Or2 2 1121 Wt LS ¥R Malus domestica
Or5 5 1128 Wt LS ¥R Malus domestica
Orl0 10 1168 Wt LS ¥R Malus domestica
Orl5s 15 1142 WA LS W Malus domestica
0or20 20 1150 Wt LS ¥R Malus domestica
Or30 30 1143 Wt LS W Malus domestica

LS F/n 347 1. LS means Loessial soil
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Table 2  Anti-erodibility and soil physical property of different periods of orchard

FEH HE MILBREE  KHIRAE KB HIR <1 pm %4 THEEEREE RIERCRE LIRSS RE IR
Plot Bulk Total Macro Water stable RARD Aggregate Dispersion Soil structure  Ratio of structure
density porosity aggregate aggregate <<1 um micro aggregate degree coefficient coefficient deterioration
(gem?) (%) (%) (%) composition (%) (%) (%) (%) ()
SL2 1.14 57.04 87.92 12.66 2.72 10.71 87.91 12.09 85.60
Or2 1.16 56.33 67.10 38.50 2.56 15.85 90.73 9.27 42.62
Or5 1.14 57.04 71.12 34.30 2.60 4522 78.14 21.86 51.77
Orl0 1.33 49.83 83.90 36.00 3.09 1.30 32.89 67.11 57.09
Orl5 1.47 44.39 84.52 41.44 2.96 24.34 28.24 71.76 50.97
Or20 1.27 51.99 81.76 41.60 3.52 41.64 32.21 67.79 49.12
Or30 1.14 57.04 79.93 41.03 2.33 49.05 30.14 69.86 48.67
*3 ALREAREEREIELFMER
Table 3 Characteristics of soils of different revegetation periods of orchard
FEH ALK = TR X R pLvy Gl pH CaCoO;
Plot Organic C Total N Available N Total P Available P Available K (H,0, (mg-g™")
(gkg" (gkg"h (mgkg™") (gkgh (mg-kg™") (mg-kg™") 1:25)
SL 2.50cd 0.292d 17.59d 0.573b 2.00d 90.10f 8.68bc 107.82a
Or2 3.13b 0.345¢ 24.16¢ 0.453¢ 1.23d 84.46g 8.77ab 104.14b
Or5 2.32d 0.294d 23.28¢c 0.427f 1.32d 100.37¢ 8.85a 95.66d
Orl10 2.72¢ 0.296d 24.70c 0.516d 1.64d 166.22d 8.89a 99.89¢
Orl5 4.75a 0.582a 30.34b 0.545¢ 5.43c 171.84c 8.52d 73.03f
Or20 5.07a 0.539b 31.19b 0.638a 8.77a 189.10b 8.56¢cd 88.28¢
Or30 4.96a 0.585a 34.51a 0.633a 6.84b 205.22a 8.58cd 99.18¢

[ —BE SR AR 7 B R 2 A E) 1% 2% %257 . FIF

Values in the same columns that do not contain the same letters are significantly different at the 1% level. The same as below
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Table 4 Microbial biomasses, respiration strengths and gCO, values of different revegetation periods of orchard

Fefts  SMBC SMBN SMBP  RUEMRD WMAEMER BEWERY ST IR AR
Plot Microbial Microbial Microbial H Ik R A TR Microbial Metabolic quotient
biomass-C biomass-N biomass-P Cmic/TOC Nmic/TN Pmic/TP SIR respiration  (mg CO,-C- g'1 biomass-C-h'l)
(mg-kg™") (mgkg™") (mg-kg™") ratio (%) ratio (%) ratio (%)  (mg'kg'-d") (mgkg'-d")

SL 86.38d 13.82b 2.35d 3.45¢ 4.74b 0.41d 124.06d 63.40c 30.58a
Or2  148.60c 16.37ab 2.11d 4.74b 4.74b 0.47d 163.67cd 78.38¢ 21.98b
Or5  203.47ab 19.70a 2.51d 8.75a 6.6%9a 0.59¢cd 243.97a 89.24bc 18.27b
Orl0  215.56a 21.13a 3.74¢ 7.91a 7.15a 0.73bc 187.86bc 107.92b 20.86b
Orl5 189.11b 20.74a 4.91b 3.98bc 3.56b 0.90b 237.66a 156.99a 34.59a
Or20 191.87b 19.31a 5.44b 3.78bc 3.5% 0.85b 244.37a 167.49a 36.37a
Or30 185.55b 20.52a 7.55a 3.74bc 3.51b 1.19a 229.60ab 165.49a 37.16a
#5 AIREAEFRIIEMEEME
Table 5 Soil enzyme activities of different revegetation periods of orchard
Ff JUk R BBt B (HE N EZERiAT puka R
Plot Urease Amylase Alkaline phosphatases Saccharase Cellulase Polyphenol oxidase Catalase
SL 0.566¢ 1.227a 0.315¢ 1.052¢ 1.436¢ 2.810a 0.488¢
Or2 0.548¢ 1.097ab 0.367de 1.019¢ 1.496¢ 2.515b 0.555d
Or5 0.629bc 1.112ab 0.410d 1.143¢ 1.680b 2.363b 0.605cd
Or10 0.679bc 0.981b 0.457cd 1.411b 1.485¢ 1.651d 0.648bc
Orl5 0.809b 1.013b 0.540bc 2.03%9a 1.649b 2.157¢ 0.728a
Or20 1.265a 1.002b 0.647a 2.288a 1.741ab 1.761d 0.661bc
Or30 1.282a 1.056b 0.608ab 2.245a 1.854a 2.013¢ 0.683ab
10—30 4EIE TAGE , 30 4RI 23 ARG 14% Lor
1 28%. 3 =0.0185x + 0.2556
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