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Soil biological characteristics at different slope positions of

apple orchards on the Loess Plateau
—A case study of Chunhua County, Shaanxi Province

ZHANG Chao', ZHANG Hai', ZHAI Hui', ZHOU Xu', LI Ai-mei*, ZHANG Li-xin®
(1. College of Natural Resources and Environment , Northwest A&F University , Yangling , Shaanxi 712100, China;
2. College of Life Sciences, Northwest A&F University , Yangling , Shaanxi 712100, China)

Abstract: To investigate the effects of slope positions on soil biological characteristics in apple orchards in the Loess
Plateau, a field study in Fuji apple orchards in Chunhua County in Shaanxi Province was used to explore the soil organic
matter content, soil enzyme activities ( catalase, urease, invertase and alkaline phosphatase) and soil microbial biomass
carbon and nitrogen on different slope positions (upper slope, middle slope, lower slope) in the 0 ~ 20, 20 ~ 40 cm and
40 ~ 60 cm soil layers, respectively. Biolog — ECO technology was applied to study the metabolic functional diversity of
microbial communities. The results showed that the soil organic matter content was generally poor and deferent in different
slope positions with the order of lower slope (1.S) > upper slope (US) > middle slope (MS) . There was no significance in
soil catalase activities and microbial biomass with different slopes. Soil catalase activity was LS > MS > US, urease, in-
vertase and alkaline phosphatase activities were in order of LS > US> MS, soil microbial biomass carbon content was in
order of US> LS > MS and microbial biomass nitrogen content was in order of IS > MS > US. The AWCD (average well
color development) of soil microbial carbon source on different slope positions was in order of IS > US > MS, microbial
diversity indexes generally were in order of LS > US> MS. The results of principle component analysis (PCA) showed
that carbohydrates and carboxylic acids as the carbon sources held a great contribution to the principal component 1

(PC1) and principal component 2 (PC2) . Soil microbial community stability on lower slope was superior. Finding in this
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study highlighted that the soil quality on lower slope was better and more suitable for planting apple trees and other eco-

nomic crops.

Keywords: slope position; soil organic matter; soil enzyme activities; soil microbial biomass; soil microbial com-

munity
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Table 1  Basic information of experiment sites

Hepr WREE/m RJE/E HiFE/N

Slope position Altitude Longitude Latitude
354 (US) Upper slope 991 108.59864  34.77595
HgE 37 (MS) Middle slope 884 108.60165 34.77468
AL (LS) Lower slope 781 108.60382  34.77467
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Table 2 Diversity indices of soil microbial communities

0 24 48

at different slope positions of apple orchards

Yepi FRERE L RBERE D HYEREE
Slope position  Shannon — Wiener Simpson Meclntosh
F3fs US  2.675+0.085a  0.910+0.015a  0.997 +0.040b
AL MS 2.586+0.152b  0.907 £0.016a  0.971 £0.046b
T IS 2.697+0.157a  0.915+0.019a  1.106+0.018a

TE [ — 3 AN ] 5B 3R 22 57 ik B .k F- (P < 0.05)
Note: Different letters indicate significant difference in the column at 0.

05 level.
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Table 3 Loading factors of principle components of 31 carbon sources

J¥*5 Plate number R IFEZETA Carbon source PC1 PC2
A2 B- 3L — D — AW (W25 ) B - Methyl — D — Glucoside ( carbohydrate) 0.633 -0.481
A3 D — 2P FUBERR N IS (B4 D — Galactonic Acid — Lactone ( carbohydrate) 0.361 0.758
A4 L - &R (R IEERZE) L~ Arginine (Amino acids) -0.226 0.643
Bl PR ERER TS GRIRZE ) Pyruvic Acid Methyl Ester (carboxylic acids) -0.513 0.499
B2 D - AHE(H25)D - Xylose (carbohydrate) 0.484 ~0.483
B3 D — P FUHHES IR (FRIRZE) D - Galacturonic Acid (carboxylic acids) 0.625 0.585
B4 L— RIT&WNE (B2 )L - Asparagine (Amino acids) 0.158 -0.099
Cl 75 40( 2 R PFE) TweendO (Polymers) 0.771 0.134
%) 1 — FREEHERE (BE2)i - Erythritol (carbohydrate) -0.706 -0.345
a3 2 - BIEFH R (Z25)2 - Hydroxy Benzoic Acid (Polyphenols) 0.772 -0.051
c4 L - ZKFE N Z R (AL ) L~ Phenylalanine (Amino acids) 0.656 -0.378
D1 i3 80(Z R 2 ) Tween 80 (Polymers) 0.930 -0.232
D2 D - H#FE(B25) D - Mannitol (carbohydrate) -0.071 0.218
D3 4 — FIEIEH R (£ 125 )4 - Hydroxy Benzoic Acid ( Polyphenols) -0.358 -0.019
D4 L - 225 0R (5L - Serine (Amino acids) -0.131 0.408
El a - BTG (Z B2 ) o - Cyclodextrin (Polymers) 0.233 -0.298
E2 N - Z.W - D - #EIH I (BiZ$)N - Acetyl — D — Glucosamine ( carbohydrate) 0.253 0.755
E3 v - B TR (BRI ) v - Hydroxybutyric Acid (carboxylic acids) 0.518 0.191
E4 L - JRE R (R LR )L - Threonine (Amino acids) 0.328 -0.725
F1 (2 F925) Glycogen (Polymers) 0.384 -0.015
2 D — B ER RERZE) D — Glucosaminic Acid (carboxylic acids) -0.519 0.388
F3 K HEMR (FRERZE ) Ttaconic Acid (carboxylic acids) 0.299 0.589
F4 H &t - L- %R (A HL#228) Glyeyl - L - Glutamic Acid ( Amino acids) -0.505 -0.669
Gl D — 272 —HE (FZ5) D — Cellobiose (carbohydrate) -0.732 -0.195
G2 H A - 1 - BEBR (B25) Glucose — 1 — Phosphate ( carbohydrate) 0.247 0.749
G3 a— THIRE GRIRZE ) o - Ketobutyric Acid (carboxylic acids) -0.335 0.113
G4 2 (J1:24) Phenylethylamine ( Amines) 0.792 -0.314
HI a—-D-FLBE(BZ)a - D - Lactose (carbohydrate) 0.000 -0.164
H2 D, L - o — B H I (F25) D, L - o - Glycerol Phosphate (carbohydrate) 0.385 0.825
H3 D - SRR (FRARZS) D — Malic Acid (carboxylic acids) -0.282 0.376
H4 Ji& 1 (J1: 2 ) Putrescine ( Amines) 0.395 -0.019
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