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Study on long-term experiment of crop rotation and
fertilization in the loess plateau
II . Relationship between soil enzyme activities and soil fertility
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Abstract: The correlation between soil enzyme activities and other soil properties was studied. The results of
correlation analysis showed that soil organic C was correlated very highly significantly with urease activity (r=
0.9384* * ), alkaline phosphatase activity (r=0.7854* * ), and protease activity (r=0.9105" ), and the
interrelationship between catalase, invertase activities and organic C content varied with fertilization and crop-
ping patterns. The amount of fungi was significantly correlated with urease and protease activities, and the yield
of winter wheat was significantly correlated with urease, alkaline phosphatase and protease activities except cata-
lase. In this paper, the relationship between soil enzyme activities and nutrient factors and the effects of soil
enzyme activities on soil nutrient contertt were analyzed by Principal Components Analysis (PCA) and Path
Analysis (PA). According to the results of PCA, urease, alkaline phosphatase, and protease activity could be a
better index to evaluate soil fertility in dry land than catalase and invertase activity.
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2.1.1 BEHSHELSTENXRE JELEHE
HEAENC.ENYIRBEMREXXER B L
RAEVRE R, BHL C.2 N B, T 8/ S BHE
MR (R 1), SEMEWEESL N BEME,
AEEERANC 5L NFAEERBENHEAEXR,r
=0.9776, FENHEBMEES CNEERMX, 5
ERPARBERRMELER (r= —0.9309), BLH

B B EAEBAKFMESEN CERAX,
MESAEM P WXREY], XA RER HEH KBEBR
BT it B AL S EHE YA H] . Brookes A,
SENE S EBIEARER PR F RS,
X7 E I RA SR i — B
HHEEESEIC.2EN.CNERPSE
MXRPABK, WARR B EKF., REBEES 44
TS BRI BAR B EMHE, 5HEILC.2 N
AHRXZR KN 0.9384.0. 9217, 5 B IR A 7E + 3% C.N
A RPERMB A R LE P EELLERY
i, BMEBERREEE S AN C.2 N Bk B EM
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2.1.4 BEHESTREXE BEERSAFNER
HRBEFOMRXRS, BB ETHERX. BN
FERREL/NER 15 MEEE TR B -5 IREHE 1 58
MR E S EOMEEERBEFEMX (r=

0.770**, 0.903**, 0.854* ) ,BF =B E5ANC
(0.768) K4 N(0.778) KA R I, ™R SRR
EHEEEFME(r=0.599"), BILBHEE
BRSSP BHEMEIREEKFE(r=0.544" ),

1 tWBEHSHEIMERGEXRER(r)

Table 1

Correlation matrix (r— values) between soil enzyme activities and other soil properties

XD X2 X3 X4 XS X6 XD
X(1) 10000 0.9776** 0.6109%* 0.6587"* -0.5742" " 0.1930 0.9384" "

X(2) 1.0000 0.4321* 0.5847"* 0.5281** 0.3103 0.9217"*
X(3) 1.0000  0.5960" * -0.4388* -0.32204 0.5497" "
X(4) 1.0000  -0.9309** -0.1936 0.6252**
X(5) 1.0000 0.120 -0.585**
X(6) 1.0000 0.2848
X(7) 1.0000
X(8)
X(9)
X(10)
X(11)
X(12)
X(13)
X(14)

X(8) X(9) X(10)  X(11)  X(12)  X(13)  X(14)
0.7854* * 0.9105** 0.0295 0.472*  0.3249 0.7113" " 0.7040" "
0.8303* * 0.9292** -0.025 0.495"* 0.343 0.7145*" 0.733""
0.2533  0.4200"* 0.2083 0.142 0.1075 0.1340 0.242
0.2538  0.4120* 03033 0.4998** 0.2815 03192  0.438"

0.2778  0.370 0.1531  -0.5265%* -0.3423 -0.4255" -0.4777"

0.5980* " 0.4788"  -0.2739 -0.0516 0.1654 0.5102" " 0.4363"
0.8360** 0.8952** 0.0361 0.5257"* 0.3265 0.7366" " 0.7825 "
1.0000  0.949* " -0.2677 0.3638 0.4203* 0.8%3 " 0.7385* *
1.0000 0.1531  0.389*  0.325% 0.8010" " 0.7318™ "

1.0000 -0.2141  -0.2083 -0.3506  0.0530

1.0000 0.2861 0.4232" 0.3563

1.0000 0.5426™ " 0.3575
1.0000 0.7138" "

1.0000

* »0.01 KERE, » 0.05/KFE%, * » Correlation is significant at the 0.01 level. * Correlation is significant at the 0.05 level.
X(i=1~14)3 BlEAYL C.2 N.O/N AY P AL AR FEWNG IREE TR MAG 2E A 0 AW JRAE YRR M ER.
Xi(i= 1~ 14)means TOC, total N, C/N.available P, catalase.invertase, urease.alkaline phosphatase, protease, bacteria. fungi, actinomycetes, microbial

carbon, and microbial nitrogen, respectively.
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Table 2 Path coefficients of enzyme activities affecting soil nutrient content

X1—-Y X2—Y X3—+Y X4—>Y X5—+Y MHEERH(r)
AL C X1 -0.0872 -0.0243 -0.2191 0.0151 -0.2586 ~0.5742**
Organic C X2 -0.0106 -0.1994* 0.1069 -0.0324 0.3285 0.1930
R=0.973*"~ X3 0.0509 -0.0568 0.3754" ~0.0453 0.6142 0.9384**
X4 0.0242 -0.1192 0.3138 -0.0542 0.6208 0.7854**
X5 0.0329 -0.0955 0.3361 —0.0490 0.6861**  0.9105**
£ N X1 -0.1039 -0.0112 -0.1482 -0.0071 -0.2577 -0.5281**
Total N X2 -0.0127 -0.0920 0.0723 0.0153 0.3273 0.3103
R=0.957""* X3 0.0606 -0.0262 0.2540 0.0214 0.6118 0.9217**
X4 0.0289 -0.0550 0.2123 0.0256 0.6184 0.8303**
X5 0.0392 —0.0440 0.2274 0.0232 0.6835**  0.9292**
C/N X1 0.0560 ~-0.0621 -0.3619 0.0959 -0.1667 -0.4388"
R=0.760"* X2 0.0068 -0.5091 0.1767 —0.2065 0.2117 -0.3204
X3 -0.0327 -0.1450 0.6203 -0.2887 0.3958 0.5497" "
X4 ~0.0156 -0.3045 0.5185 -0.3454 0.4001 0.2533
X5 -0.0211 -0.2438 0.5553 -0.3125 0.4422 0.4200"
BEXRP X1 -0.7465**  —0.0073 -0.2183 0.1097 - 0.0684 -0.9309" *
Avail. P X2 -0.0911 -0.0600 0.1066 -0.2361 0.0869 ~0.1936
R=0.957""* X3 0.4356 -0.0171 0.3742 -0.3300 0.1625 0.6252"*
X4 0.2073 -0.0359 0.3128 -0.3948* 0.1643 0.2538
X5 0.2814 -0.0287 0.3350 -0.3572 0.1816 0.4120*

H:Xi(1=1~5)5 AT S 508G RS R NG B ERERL RS R O, Y A& LR 3R.

Note: Xi (I=1~5) means catalase, invertase, urease, alkaline phosphatases, protease, respectively; Y means total C, total N, C/N and avail-

able P.
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Table 3 The eigenvalues and percentages of PCA

TBERRS b= B—-FRSY HoERS F=FWH BFHEERS
Soil Information system Item 1st PC 2nd PC 3rd PC 4th PC
I B§i% ¥ Enzyme activity FHEM Eigenvalue 3.2365 1.2151 - -
TR Percentage 64.7304 24.3013 - -
BB 2T Cumul. percentage 64.7304 89.0317 - -
[ B§¥% ¥ Enzyme activity FFER Eigenvalue 5.2395 1.5940 1.1510 0.7611
WA Microbes F ZEFHRE Percentage 52.3947 15.9397 11.5098 7.6109
FRB £ TEE Cumul. percentage 52.3947 68.3344 79.8442 87.4551
&35 $E Enzyme activity ¥FER Eigenvalue 7.4441 2.4703 1.2398 0.8609
WY Microbes FZEFBRE Percentage 53.1724 17.6452 8.8556 6.1494
{2 Chem. property BB TR Cumul. percentage 53.1724 70.8176 79.6732 85.8226

B TR S W F R AT R kR
MEBERRGE D AT LIE H, AT UA T S48 B
FETREREN 87.46% , F—F WA LLRE 1 #m
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