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Table 1 The meteorological condition of some orchards
i 5 K EHREKE Te A H R4 =10°C Ry 2B
L “t“" Elevation Average annual Frostfree period Daily light time Effective
ocation (m) precipitation (mm ) (d) (h) temperature =10C
& £ Fuxian 1100 560 160 2157.4~2574.9 3756.6
)1l Luochuan 1072 622 167 2193.8~2308.2 3007
T2 HELEMNEEBEUMER
Table 2 Physical and chemical properties of soil in plough layer
ok AL £ e B R A AR B
Locat‘\i;n 0-M. Tot-N Tot-P Tot-K Alkal- N Avail - P Avail - K pH {H
’ (g/kg) (g/kg) (g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg)
‘H H Fuxian 11.5 0.126 0.085 0.356 65 5.7 98 8.1
&)1 Luochuan 11.2 0.082 0.031 0.282 46.1 4.8 118.8 7.8
TR EEE S AR EYL, DL NHs — N A7,

mg/ (g-48h- 37°C) Jy HL{i7 : BERRBHE P BE R 2K —
k. ABY mg/ (g- 24h- 37°C) Jy By s ot 484k g
KMnO: i 52 ¥, LL KMnOs ml/ (g- 24h. 37°C) g #
A7 ERERE ] 3, 5— TAHFEKA R Lh (0 ik LATE 2 b
mg/ (g-48h.37°C) g Hifiz
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Table 3 Effects of application of fertilizer on soil enzyme activity
Ab g Jx BRI b AL S RENE B
P R Urease Phosphatase Catalase Invertase
rocessing (NH3—N mg/q) () mg/g) (KMnO4 ml/g) (i mg/g)
1 0.137bB 0.231bA 7.7653aA 1.715¢B
PR R I 0.1883A 0.616aA 6.851pbB 1.876aA
Household il 0.187aA 0.711aA 7.140hAB 1.821abAB
v 0.135pB 0.520aA 7.746aA 1.773bAB
1 0.185aA 1.1945A 7.45TaA 1.516¢C
TREIE I 0.186aA 0.665HB 7.335bB 1.724aHAB
Project I 0.188aA 0.906aA 6.859C 1.864aA
v 0.183aA 1.068aA 7.380abAB 1.624pB

VNS FEE(p=0.05); KEFE(p<0.01),

FIRTEE SRR I AY — FhOCSEPE R, (R M R
RS IR N BB A E VIR RR A HIER
AR Z AR R, IS A i RE AL BE SR S it )
VAT R A T e A NV S b B gh 3 T <

Note :Small letter (p<<0.05); Capital letter (p=<0.01).
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Table 4 The correlation coefficient of soil enzyme activity

i 2% ik PR E PURR e REERE
Enzyme Urease Phosphatase Catalase Invertase
[ Urease 1.000 — — _
P REE ARG Phosphatase 0.783 1.000 — —
Household AL SR Catalase —0.968" —0.735 1.000 —
HERERE Tnvertase 0.875 0.833 —0.943 1.000
JRES Urease 1.000 — — —
TR 4 EEHE Phosphatase —0.470 1.000 — —
Project o AL S Catalase —0.807 0.316 1.000 -
FEREES Invertase 0.761 —0.664 —0.911 1.000

FE: ¢ AR B (p<<0.05): * * MR BIE (p<<0.01) (n=4 IUBMM) .
Note: * Pertinence salience (p=<<0.05); * * Pertinence best salience( p<<0.01) (n=4, double cauda check survey)-
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Table 5 The correlation coefficient between soil enzyme activities and physical and chemical properties
o H AHLBT 2R e el B A TRk puy gl H
Item 0-M- Tot- N Tot- P Tot- K Alkal- N Avail- P Avail - K P
JIREF Urease 0.954" 0.966" 0.818 0.130 0.109 0.902 0.984" —0.832
PR BEEAEE Phosphatase  —0.852 0.654 0.524 0.713  —0.366 0.635 0.757 —0.317
Household AV SRS Catalase  —0.979%  —0.991** —0.934  —0.057  —0.301  —0.980* —0.997"* 0.789
HEVERES Invertase 0.979" 0.890 0.900 0.291 0.209 0.938 0.932 —0.540
WxE Urease 0.570 0.947 0.957"  —0.960" 0.855 0.858 0.833 —0.882
THEe  BEEAEE Phosphatase  —0.923  —0.645  —0.236 0.510  —0.652  —0.833  —0.546 0.825
Project WAV Catalase  —0.614  —0.881  —0.884 0.610 —0.924  —0.753  —0.967" 0.724
FEWERE Invertase 0.885 0.924 733 —0.605 0.987" 0.911 0.982*  —0.875

FE: ¥ ABRBIE (p<<0.05); * * AR BFE (p<<0.01) (n=4. WEKM)
Note: * Pertinence salience (p=<<0.05); * * Pertinence best salience ( p=<<0.01) (n=4, double cauda check survey)-
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Table 6 The path coefficient of principal nutrient factors

affecting soil enzyme activities

g2 F R IE TR
Enzyme Household Project
i Xi>U Xp—~U XU Xp—~U
X7 X3
Urease 1.686 0.126 —1.201 0.281
A A Yo Xema o Xe X
7
Catalase —0.993  0.071 —0.728 0.253
HENE X X1l Xp~I \ XsI1  Xp~I
1 5
Invertase —0.979  0.202 0.962 0.158

R TEERSFER

Table 7 Principal component eigenvalues of the soils tested

. T N =TT
5 H e S
Lst principal 2nd principal
Ttem
component component
FFIEAR Eigenvalues 8.851 2.521
b 3 Tk e ()
I 2T () 73.762 21.012
FTHVBAE  Proportion of variance
Household %fﬂﬁ%ﬁﬁeﬁ[%‘;( %)
Proportion of 73.762 94.774
cumulative variance
HREAR Eigenvalues 9.849 1.381
b3 ok e ()
Jr TR () 82.071 11.505
THEVAAE  Proportion of variance
Project N,
e BB E TR (N)
Proportion of 82.071 93.576

cumulative variance

T PR TR A R R BT 2 5TRK.

Note: Eigenvalues is the cumulative variance-
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Table 8 Principal component eigenvectors of tested soil

Wz H TR A1) B EASY Hif—2(%)
Analysis items Ist principal component  loading capacity —1  2nd principal component  loading capacity —2

JIREE Urease 0.3250 0.93509 0.0661 0.01103
ARG Phosphatase 0.2491 0.54908 0.4232 0.45158
i E AL AT Catalase —0.3361 1.00000 0.0050 0.00006
REFEER Invertase 0.3186 0.89870 0.1190 0.03572
HHLFR O- M- 0.3297 0.96236 0.1165 0.03423
PR 4% Tot-N 0.3324 0.97812 —0.0718 0.01300
Household 48 Tot . P 0.3139 0.87236 —0.1619 0.06605
4o Tot. K 0.0225 0.00449 0.6197 0.96826
WURA Avai- N 0.0998 0.08821 —0.5561 0.77969
AR Avai. P 0.3297 0.96236 —0.0882 0.01960
AR Avai- K 0.3351 0.99401 0.0183 0.00084
pH fi —0.2622 0.60840 0.2362 0.14063
JIRE Urease 0.2919 0.83906 0.2680 0.09923
MR Phosphatase —0.2215 0.48303 0.5872 0.47610
sHEAY B Catalase —0.2785 0.76388 —0.2655 0.09734
BEERG Invertase 0.3018 0.89681 —0.0842 0.00980
HHLE O-M- 0.2670 0.70224 —0.4519 0.28196
TR 4% Tot-N 0.3174 0.99202 0.0681 0.00640
Project 4T Tot-P 0.2699 0.71741 0.4493 0.27878
4 Tot- K —0.2635 0.68393 —0.2076 0.05954
PR Avai- N 0.3135 0.96826 —0.0068 0.00006
BB Avai- P 0.3107 0.95063 —0.1651 0.03764
BT Avai- K 0.3043 0.91203 0.0740 0.00757
pH {8 —0.3084 0.93702 0.1396 0.02690

BT L2 & £ LABK SN TR EA SR,

Note: Loading capacity —1 and 2 are the percentage of variance in principal component of different factors respectively -
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Y g = 0.2676 X, +0.2877 x5 — 0.2605 X5 +
0.2744 X, + 0.2824 X5 + 0.2428 X5 + 0. 2084 X; +
0.1549 Xg — 0. 0456 X+ 0. 2371 X101+ 0. 2649 X1, —
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Y g = 0.2672X, —0.1334 X, — 0.2856 x5 +
0.2726 X, + 0.2016 X5 + 0. 2825 X5 + 0.2728 X7 —
0.2243 X3 +0.2834 X+ 0. 2533 X101+ 0. 2873 X1, —
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not obvious- Compared to the cropland; topsoil organic carbon, total nitrogen, invertase activity urease activi-
ty, and alkaline phosphatase activity increased by 35%~184.6%, 5.7%~157.4%, 89.6%~566%, 32.9%
~331.2%, and 0.18%~184.8%, respectively - The responses of topsoil organic carbon and urease activity to
vegetation restoration were that in the beginning of vegetation restoration (0~8 years), both of them increased
with an increase of vegetation restoration years: during 829 years of vegetation restoration. both of them de-
creased with an increase of vegetation restoration years: after 29 years of vegetation restoration. both of them in-
creased again with an increase of vegetation restoration years- The responses of topsoil total nitrogen, invertase
activity » and alkaline phosphatase activity to vegetation restoration were that in the beginning stage of vegetation
restoration (0~16 years). three of them increased with an increase of vegetation restoration years: during 16~
29 years of vegetation restoration, three of them decreased with an increase of vegetation restoration years, and
after 29 years of vegetation restoration, three of them increased again with an increas of vegetation restoration
years- Topsoil invertase activity, urease activity, and alkaline phosphatase activity were significantly correlated
with soil organic carbon and total nitrogen, but the relationship between topsoil catalase activity and soil organic
carbon: and topsoil catalase activity and soil total nitrogen were not significant -

Keywords: Natural vegetation restoration; abandoned land; soil enzymatic activity ; response
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Effect of biogas residues on soil enzyme activity of red Fuji apple orchards

XU Weina' QIU lingl, YANG Bao‘pingZ, NIE Jun“feng27 WANG Jun‘peng2
(1. The Northwest Station of Biogas Products and Equipment Quality Test Center of the Chinese Ministry of Agriculture,
Northwest A & F University, Yangling, Shaanxi 7121003 2. Research Center for Agricultural in
Arid and Semiarid Areas: Northwest A & F University, Yangling, Shaanxi 712100, China)

Abstract . The soil enzyme activities were studied after biogas residues applied- The activity of 4 soil en-
zymes were measured at the ecotypic orchard station of Northwest A&F University s and the result showed that
the activity of 4 chief soil enzymes varied. including urease. phosphatase. catalase and sucrase- Except sucrase:
the activity of other soil enzymes of biogas residues in household biogas digester was greater than biogas residues
in project biogas digester- The effect of urease and catalase activities of biogas residues in household digester on
organic matter were significantly positive: the same as that of urease and catalase activities of biogas residues in
project digester on organic matter- The results obtained through the correlation, path and principal component
analysis showed that that soil urease, catalase and sucrase using biogas residues in household digester and soil su-
crase using biogas residues in project digester could all be as a comprehensive index of soil fertility - Soil fertility
cowd hereyainated ehjectively by principal component analysis-
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