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Abstract: [ Objective ] The evolution process of soil quality in apple orchard was investigated, in order to
provide the basis for the management and development of apple orchard, the sustainable development of apple
industry and the poverty alleviation in desertified area of Ningxia Hui Autonomous Region. [ Methods] We
selected apple plantations of 2 years, 5 years, 10 years and 25 years as the study sites, and the adjacent waste

land as the control (CK), to investigate the changes of soil physical and chemical properties and their correlations.
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Soil comprehensive quality index was analyzed, in order to assess the soil quality. [ Results] @ With the
increase of plantation age, soil moisture content, electrical conductivity, total nitrogen, organic carbon,
available potassium, available phosphorus and hydrolytic nitrogen all increased, while soil C ¢ N and soil
temperature all declined. Soil clay and silt, soil pH value and soil selenium content increased in initial stage
and then declined, while soil bulk density decreased firstly and then increased subsequently, and the maximum
value(peak or trough value) appeared at 10 years. There was no significant difference between soil porosity in
different cultivation age of apple plantations. @ Soil coarse sand and soil clay and silt were negatively( p<Z0. 01)
correlated with soil temperature and soil C ¢ N ratio, and there was a positive( p< 0. 01) correlation between
soil moisture content, total nitrogen and organic carbon. In contrast, there was a positive( p<C0. 01) correlation
between soil coarse sand and soil available potassium and hydrolytic nitrogen. Soil moisture content was
negatively(p<C0. 01) correlated with soil temperature and soil C ¢ N, and there was a positive correlation
between soil total nitrogen, organic carbon, available potassium and hydrolytic nitrogen. Soil bulk density
was a negatively(p<C0. 05) correlated with soil clay and silt, soil moisture content, total nitrogen and organic
carbon. There was a positive correlation between soil nutrients, whereas there was no correlation(p>>0. 05)
between soil porosity, soil selenium and other indicators. (@) According to the soil physical, chemical and nutritional
indexes, the soil quality comprehensive index was ranked as: 25 years >10 years >5 years >0 >>2 years > CK.
[ Conclusion] The physical and chemical properties of soil can be improved by planting apple economic forests in
Ningxia desertified regions for 5 years, and soil quality and soil selenium can be improved significantly in 10 years.
With the increase of planting years, soil quality can be improved continuously in Ningxia windy desert area.
Keywords : desertified region of Ningxia; stand age; apple plantation; soil physical and chemical properties; soil

selenium; soil quality
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FEABE 018 003 —0.085 0.0 -0.06 0.2 —0.182 1

FEESE 0313 0067 —-0.00  —0.102  —0.242  0.162 0.0  —0.183 1

FHOHE 0195 -0 —0.355 036 —0.137 0.8 -0.2 0325 —0.02 1

b 22 0.823 * —0.395  —0.655 % 0437 —0.772° * 0.785* X —0.504* * 0,22 0197 0.307 1

THEANBR 0760 —0.426" —0.672° % 0479 —0.519° % 0,578 X —0.431° 0,07 0.165  0.452% 08617 1

FEBER 0527 04557 0607 0,506 ¢ 0.942° =091 ¢ 0773 * —0.189  —0.285  —0.111 —0.796* *~0.475" 1

FEERE 0702702060 —0.302 0050 —0.633 % 0635 C—0.3% 0057 0.297 003 0657 0.600° F—0.520 7 ]

FEERE O 0.50 0183 —0.090 0166 —0.316  0.29¢ 0220 0318 03T 0256 0.419% 04427 -0.25 04207 ]
FEAEEA 07817 7 —0.25 —0.540% 7 0280 —0.6597 % 0.647F % —0.382 0015 04737 0214 0.804% % 0,839 T —0.380% % 0.757F * 0597 % 1
B 1 —0.085 =023 —0.00 0214 0028 0.046 =016 —0.07 =017 019 =01 0062 0.103 029  0.057 0057 1
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T B A B BR TOEEE R R AEAE A1 B SRR A



72

7k - B F e AR

%39 &

B o i B R AT n A 2 B R DT AL F) 8504 LA
LA A FUA TR AR 5 S AR AT LA R 2
A ALY B LA RE S B R ) R E AR T
ABEFE LG 6 A E T R TTEk R 88. 8200 (>
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I3 B TTRR AR AR AL A AR PR iR 22 BT I 4t + e 4R

PRfE T O R E SR T U X 1 A A
FEPR oA R I 17 A H LA B 15 846, 41 %,
552 FRUMAE T RO R (X)) L AR (X))
SRR RL (X, R HE pH AR (X)) 3X 4 MEFR. H &R
YK T 0.5, 7T LA BRI+ B2 & i 1) 14, 19 %,
55 3 E UL 4 pH A (Xy0)3X 1 AR AR 7T DL
B LR A R 9. 10% . 45 4 s R fL
BRRE (X)) A 38 (X)X 2 s AR KT
0.5, 7 LA R+ Li G i 7. 520, 55 5 RS
AL 4G H A (X2 3X 1 A T8 A, 7T DA B i+ 25
JRHEAY 5. 952, 5 6 F2 Ao AL E AR (X05) X
1 A~F8 5 . T DA R I+ B 25 5 T 11 5. 65 %%,

RS ERSSWMHEBFERFHHENE HFEE. TMERRITREKE
i A 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
X, 0,70 0.53 0.05 0.00 0.10 —0.39 0.03 0.10 0.14 0.12 0.0 007 —0.04 —0.14 —0.01  0.00  0.00
X, =057 0.61 —0.11 —0.17 0.20 —0.12  0.03 —0.45 —0.05 —0.05 0.01 0.02 —0.02 0.04 0.00 0.00 0.00
X, =079 0.37 001 —0.02 018 0.17 0.07 0.33 —0.18 0.15 —0.03 —0.07 0.08 0.0l 0.02 0.00 0.00
X, 0.65 —0.69 0.05 0.11 —0.24 0,06 —0.07 0.07 0.10 —0.08 0.0 0.0l —0.03 0.00 —0.01  0.00 0.00
Xs  —0.87 —0.03 0.33 0,09 —0.13 —0.13 —0.13 0,03 0.12 0.14 0.19 0.08 0.04 0.07 —0.06 —0.01 0.00
Xs 0.90 —0.09 —0.30 —0.02 0.13 0,06 0.02 —0.03 —0.03 0.00 0.13 015 0.15 0.02 0.06 0.0l  0.00
X, =07 043  0.23 011 —0.11 —0.14 0.00 0.22 0,06 —0.24 —0.12 0.14 0,03 0,03 0.02 0.00 0.00
Xe 0.20 —0.02  0.36 —0.78 0.32 0.18 0.04 0.07 0.28 —0.03 0,02 —0.04 0.0l 0.03 0.02 000 0.00
X, 0.24 059 —0.13  0.22 —0.47 0.40 0.32 —0.03  0.22  0.07 0,02 —0.01 —0.03 0.04 0.02 0.00 0.00
X0 0.3 —0.19  0.69 —0.17 —0.19 —0.14  0.46 —0.06 —0.24 —0.01  0.03 0.03 0.01 —0.01 —0.01  0.00  0.00
X 0,92 0.19  0.00 —0.13 —0.01 —0.21 —0.09 0.06 —0.05 0.11 —0.11 0.05 —0.06 0.11 —0.03  0.03  0.00
X 0.82  0.15 0.31 0.11 —0.16 —0.33 —0.19 —0.01 —0.01 0,05 —0.01 —0.09 0,01 0.07 0,08 —0.02  0.00
X, —0.86 003 0.41 0.16 —0.10 —0.09 —0.16 —0.08 0.06 —0.02 0.08 —0.06 —0.01 —0.05 0.05 0.04 0.00
X, 0.7 0.39  0.07 0.30 0.37 0,06 0.05 0.17 —0.08 —0.16 0.19 —0.05 —0.10  0.03 —0.01  0.00  0.00
X5 0.47 030  0.43 —0.10 —0.11  0.57 —0.35 —0.07 —0.16 0,03 —0.02  0.09 —0.04 —0.04 0,00 —0.01  0.00
X 0.83  0.44 0.17  0.12 —0.07 0.0l —0.08 —0.09 0.06 —0.10 —0.03 —0.11  0.17 —0.02 —0.07 0.0l  0.00
X, 0.09 —0.29 0.4 0.61 0.5 0.16 0.11 —0.13 0.13 0,08 —0.11  0.04 0.01 0.02 0.0l  0.00 0.00
AE 7.89 241 155 128 L0l 0.96 0.55 0.45 0.32 0.18 0,13 0.10 0.08 0.05 0.02 000 0.00
TS 46,41 1419 9.10 752 595 565 323 267 191 108 0.79 0.5 0.46 0.31  0.14 002 0.0
ZEFIZR 46,41 60.60 69.70 77.22 83.17 88.82 92.05 9472 96.63 9771 98.50 99.08 99.54 99.85 99.98 100,00 100.00

X0 N RO R, Xy Sy EHEANORL L X O IR AR, X O IR R, X O R X AR E VX MR E X N+
LB, Xy AR SR, X 5 pH (H, X0 o EE SR, X 8 HHEA PR, X 8 £8E C/NL X0 o R0 R0H , Xos B B0, X6

T HEOK R A Xy

AR 32 Ao A 23 R AT A Sr 3 o3 A 53 7 7

Zl =0.

0.

Zg =0.

.194X,,40.191X,,+0.152X,, +0. 028 X,; +0. 391X, +0. 301 X,5 +0. 437X, —0. 286 X,

698X, —0.574X,—0. 788X;+0. 648X, —0. 866X;+0. 901X, —0. 754X, +0. 200X +0. 241X, +
362X,,+0.919X,,+0.821X,, —0.858X,; +0. 711X, +0. 467X,; +0. 829X, +0. 085X, 3
526X, +0.605X,+0.372X;,—0. 691X, —0.028X; —0. 085X +0. 434X, —0. 015X +0. 587X, —
€]

=0.048X, —0.112X,+0. 013X, +0. 050X, +0. 327X; —0. 304 X, +0. 234X, +0. 364X, —0. 128X, +

.690X,,—0.004X,,+0.312X,, +0.410X,;+0. 067X,, +0. 431X ,;; 0. 166 X, +0. 411X,
.002X,—0.166X,—0.017X,+0.109X, +0. 090X; —0. 016X +0. 105X, —0. 779X, +0. 216 X, —
.173X,,—0.126X,,+0.113X,,+0. 160X,; +0. 296 X,, —0. 100X,5 +0. 123X, +0. 607X,
.099X,+0.195X,+0. 175X, —0. 239X, —0. 128X, +0. 134X, —0. 110X, +0. 316 X, —0. 471 X, —
.194X,,—0.007X,,—0.160X,, —0. 097 X,; +0. 366 X,, —0. 111X,; —0. 070X, +0. 532X,
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(6)
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Y 0 BT i LR A A A 4r i O — 5. 404, — 2. 246,
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e HRA 5 a,10 a fl 25 a B9 R IER A 1S
G3R IEAR U WTIX 3 FiRE b 2K R Y - B T R v TR
AP T St A 2 a0 B 98 BT 5 A 4 R O ML
T 2K

x6 ERSBEFRELISREES

b A 4 BR Z Z Zs Zi Zs Zs F HEFF
CK —12.031 0.594 1. 346 0. 105 —0. 254 —0.371 —5. 404 5
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S O A K H S R R A A 3T 2 it A AL
JERTDIAE—E BB F R e i, TRl R
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PR EE A . REER K A PR
it MR ST T b 45 R 0L B R A RO [ R MY
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