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Analysis of Ecological Effect of Soil Enzyme Activity in Tabacco Growing Areas of Nanyang in Henan Province

SHEN Xiao-tian' , LIU Jin-li’, MA Chang-en’, LIU Hong’" et al (1. Nanyang Tobacco Production Office of Henan Province, Nan-
yang, Henan 473000; 2. China Tobacco Zhejiang Industrial Co., Ltd. , Hangzhou, Zhejiang 310000; 3. Nanyang Tobacco Company of
Henan Province, Nanyang, Henan 473000)

Abstract To understand the functions of soil enzymes in soil ecology and provide basis for researching and improving soil ecological quality,
the activities of 4 soil enzymes from 13 typical soil samples in tobacco growing areas of Nanyang and their relations with other soil ecological
factors were studied by analysis of variance, principal component analysis, and correlation analysis. The results showed that the integrated in-
dicator of the activities of urease and catalase was the only principle component second to the integrated indicator of organic matter, and the es-
timated communality was 17.860% . Correlative analysis showed there were obvious correlations between the activities of soil enzymes and soil
physical and chemical properties, soil C, or soil microorganisms, which can indicate characterization of soil ecological factors.
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Table 1 Natural agricultural conditions of sampling points with various ecological types

Wi AL TE PR DA G b, S Al 3% A o B o A AR R L

CibNe

5 N il BE it TR
o s v MHEEE M s g
mplng Landform Soil 8 Irrigation Longitude Latitude
point system m
1 Ik B35 £ J5 #8K) Houlou Village, Qinghe it i+ H7 10 a HHRAE K 112°54227 33°16'078 172
Town, Fangcheng County
2 Yk ELMIIAT £ B E AT Duanzhuang Village,  IX  #&#igiE+ &6 a K R 112°45'829 33°19'694 245
Liuhe Town, Fangcheng County
37 B ) B 4H X FE A Zhaozhuang Village, i) ity VG b Hk 112°42'553 33°14'778 174
Guangyang Town, Fangcheng County
4 3% B W E £ 45 FE A Niuzhuang Village, K E#+ TR AL K 113°06'787 32.55'540 134
Tianzhuang Town, Sheqi County
5 LI R T B E A Wanglaozhuang Vil- — FJH #HiB+ HH8 a Fok 113°08'612 32°51'694 128
lage, Zhuji Town, Sheqi County
6 4H - H A ] 48 S8 () k) Zhougang Village, — FJ5 ES G Hi4 a, Hk 112°02'124 32°59'100 128
Zhaoyuan Town, Zhenping County Ng
7T NS BANK S FVA Wanggou Village, Yu- K B+ TR H FK 111°53'304 33°08'285 202
guan Town, Neixiang County
8 N H Iyl L F 7 A Zhengwan Village,  RIr A1 KM4T R ZK 111°58'079 33°12'585 252
Mashankou Town, Neixiang County Fit
9 NS BIREAZEEAN Qinxd Village, Chimei  [LI[X kgt R, B Rk 111°50'417 33°14'044 223
Town, Neixiang County
10 7§ 0 B P 7K 48 3% )5 A Yuandian Village, IIX — #&#@+ FEARFEREZ FEK 111°44'344 33°09'980 198
Danshui Town, Xixia County Uik
11 P4 e B FJ 7K 45 %9 BH FF Chaoyang Village, [ fRIPEEE LIEH Fk 111°39'181 33°12'156 272
Danshui Town, Xixia County 4
12 XM A 8245 & B8 2 B A Zhaojiangang Vil- P it ZIpRAE EK 111°50'936 32°36'915 276
lage, Penggiao Town, Dengzhou City
13 X8 N &5 4E £ 2= 4 K Ligang Village, Gaoji  FJR [EEE BRME WK 111°57'639 32°39'081 136
Town, Dengzhou City
x2 TEEMmEENESER
Table 2 Detection results of soil enzyme activity
HF5 3% Rhizosphere soil JEAMR PR 1338 Non-rhizosphere soil
A It =] TEMEE AR JUR e =] TEMEE AR
Item Urease Protease Amylase Catalase Urease Protease Amylase Catalase
mg/kg mg/g mg/g ml/g mg/kg mg/g mg/g ml/g
AR 1y 657.3 0.18 34.54 7.24 948. 1 0.20 32.29 6.52
Overall description  RifE 2= 759.1 0.05 4.48 0.87 986.2 0.04 8.99 0.75
/ME 54.3 0.12 27.40 5.50 8.2 0.10 18.21 5.00
KA 2974.4 0.26 40.77 8.50 3158.8 0.25 47.45 7.50
AU WIEN FEIVIN 201.2 a 0.17 a 37.98 a 7.50 a 214.8 a 0.20 a 25.17 a 6.50 a
Irrigation mode K 991.0 a 0.20 a 35.47 ab 7.25 a 1189.1 a 0.22 a 33.67 a 6.47 a
Hak 498.8 a 0.17 a 30.54 b 7.03 a 1136.6 a 0.19 a 35.55 a 6.63 a
PR 34 571.7 a 0.20 a 33.46 a 7.28 a 1167.3 a 0.19 a 36.80 a 6.70 a
Farming system T E BT 916.3 a 0.18 a 37.43 a 7.00 a 898.3 a 0.22 a 26.98 a 6.25 a
A 392.5 a 0.17 a 32.41 a 7.33 a 447.1 a 0.19 a 32.42 a 6.33 a
ANEETTE 707.5 a 0.18 a 34.09 a 7.50 a 1360.7 a 0.21 a 33.67 a 7.00 a
T iR 544.7 a 0.17 a 33.01 a 7.30 a 958.2 a 0.18 a 35.52 a 6.54 a
Soil type whEA 418.0 a 0.19 a 36.03 a 7.33 a 749.3 a 0.24 a 33.53 a 6.67 a
Kot 1159.2 a 0.20 a 36.59 a 7.00 a 1123.3 a 0.21 a 23.50 a 6.33 a
HiSR Landform S 440.6 a 0.18 a 33.08 a 7.10 a 658.8 a 0.23 a 33.25 a 6.50 a
B 1023.6 a 0.19 a 33.42 a 7.22 a 1614.8 a 0.18 a 35.75 a 6.56 a
11X 407.8 a 0.17 a 38.82 a 7.50 a 319.0 a 0.19 a 24.89 a 6.50 a

e [ — B P B E S AN FBE R B AE 0.05 K22 5 B3,

Note : Different letters in the same column mean the difference was significant at 0.05 level.
2.2 FMPRMARX TIBAERERER S S T SPSS 34T, BT, 3 8 A F AT 22 BT R 92.656% (3£ 3) , Horp
PRI F PEGH DX AT AR AR 13 AN HRE S 3 B fb2e 104 D FERORIEAR KT 3. 105, 77 25 5Tk R ol 67.931%
FUEBPEREREA R (25 /) PR IEAR T 1000 AR08 A (I 4 1 MRV S I L5 L Tk
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Table 3 Communality of soil ecological indicators, eigenvalues,accumulative contribution rate  and coefficient matrix of their principal components

A ek 8RR F 43 Principal component

Soil ecological indicator F, F, F, F, F, F, F, Fy
4> N Total nitrogen 0.646 -0.538 0.187 -0.115 0.248 0.047 -0.233 -0.089
4> C Total carbon 0.844 0.249 -0.173 0.211  -0.034 0.216 0.258 0.017
pH 0.193 0.584 0.687 0.206 0.131 -0.127 -0.013 0. 150
AHL Organic matter 0.903 -0.187 0.029 -0.134  -0.086 0.077 0. 148 0.283
L N Available nitrogen 0.706 -0.236 0.139 -0.036 0.014 -0.466 0.205 -0.188
JHEZL P Available phosphorus -0.099 -0.314 -0.152 -0.382 0.448 0.361 0.385 0.372
Wi C Activated carbon 0.840 -0.051 -0.395 -0.098 -0.112 0.152 0.220 0.019
C JFETEE Activity of carbon sink 0.626 -0.270 -0.4% -0.285 -0.177 0.083 0.137 -0.016
5 # Soil bulk density 0.095 0.505 -0.660 0.123 0.361 -0.237 -0.276 0.086
+ BB L Soil particle density -0.357 -0.226 -0.663 0.414 -0.055 0.384 -0.123 -0.184
FLBRJE Soil porosity -0.263 -0.613 0.382 0.080 -0.396 0.399 0.217 -0.167
NKffE Urease 0.230 0.798 0.326 0.070 0.086 0.378 —-0.005 0.054
H it Protease 0.122 0.016  —-0.445 0.659 0.241 -0.240 0.440 -0.109
TEM T Amylase 0.558 -0.189 -0.023 -0.430 0.027 -0.023 -0.520 0.124
B AL & i Catalase 0.368 0.843 0.035 -0.238 0.040 -0.167 0.120 -0.195
A BT Total number of bacteria -0.396 -0.539  -0.266 -0.014 0.458 -0.024 -0.159 0.377
ZEMIEEET Quantity of spore bacteria 0.048 -0.507 0.610 0.388 0.439 0.053 0.116 -0.006
TR FE%L Quantity of actinomycetes -0.422 0.235 -0.315 -0.644 0.361 0.055 0.174 0.024
FE % Quantity of fungi -0.470 0.691 0.134 0.238 0.063 0.362 0.168 0.031
AL Quantity of potassium bacteria -0.093 0.014 0.595 -0.187 -0.609 -0.008 -0.060 0.307
R X Quantity of phosphate solubilizing bacteria 0.363 -0.100 -0.341 0.332 -0.114 0.522 -0.257 -0.144
PG HMI ST Quantity of pseudomonas fluorescens 0.135 -0.461 0.681 0.343 0.395 -0.072 0.088 -0.067
LTHESMR ST Quantity of cellulose-decomposing bacteria 0. 549 0.369 0.370 0.095 0.360 0.423 -0.200 0.119
ZBALHEL Quantity of ammonifying bacteria 0.244 0.025 -0.107 0.834 -0.024 -0.109 -0.290 0.077
AL FEEL Quantity of nitrifying bacteria 0.017 0.034 0.279 -0.533 0.373 0.178 -0.131 -0.654
SH1E (A Eigenvalue 5.385 4.465 4.028 3.105 2.037 1.677 1.334 1.133
Tk Contribution rate // % 21.541 17.860 16.112 12.419 8.147 6.709 5.334 4.534
Z 5Tk % Accumulative contribution rate // % 21.541 39.400 55.513 67.931 76.079 82.788 88.122 92.656
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+0.706ZX; — 0. 099ZX, + 0. 840ZX, + 0. 6267X,
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JE 5 e s S R R U A OGS S Y
S AAEF AR, WA DEIIRE T LIRSS
e AR AR S o AT TR R LA AR AR B
S S SR P e A AR X S X R 1Y - S5 A AR
HEFLBRUE o L AT R T -
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(F=8.032,P<0.05)
2.3.2 MRPR ARKRPR TR -5 A RAR SC T
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SERRBETE RS pH B 2 IEAROC , A7 FHAR X 4R pH
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Table 4 Correlation coefficients of soil enzyme activity and soil physical properties in rhizosphere and non-rhizosphere
o . HRPR 1 3% Rhizosphere soil JAEHRPR 1338 Non-rhizosphere soil

T HEERER ! P e : 2 —

Soil physical property U el VEREE LA It H TERYIE i A A
Urease Protease Amylase Catalase Urease Protease Amylase Catalase

%5 H Soil bulk density 0.182 -0.058 0.110 0.375 0.151 0.398 0.045 0.421

+ KI5 Soil particle density  —0.059 0.198 0.459 -0.337 -0.315 0.377 -0.303 -0.486

FLEREE Soil porosity -0.211 0.137 0.096 -0.536 -0.296 -0.229 -0.191 -0.650"

F:ox FRTE0.05 KT BEAN. T,

Note:“ # 7 stands for significant correlation at 0.05 level. The same below.
T8 X N2 R AR A SRR WG P o ST [ml e 5 AR
iu]T :

T e L =4 372. 665 — 1 389, 449X | + 110, 468X°,,

(F=15.898,P<0.01)

Vs =3 250.299 — 1 074. 631X, +89. 290X>,

(F=15.897,P<0.01) (F=8.577,P<0.01)

Ve pwemane: = — 1. 454 +14. 832X o

(F=5.285,P<0.05)
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Table 5 Correlation coefficients of soil enzyme activity and soil chemical properties in rhizosphere and non-rhizosphere

HRPR 13 Rhizosphere soil

JEML PR 133 Non-rhizosphere soil

SR

Sail chumioe] propesty TR s T EOW whm | AR
Urease Protease Amylase Catalase Urease Protease Amylase Catalase
pH 0.617" -0.127 -0.494 0.303 0.696"" -0.09%4 -0.088 0.543
A ML Organic matter -0.154 -0.112 -0.005 0.111 0.077 -0.011 0.532 0.157
4= N Total nitrogen -0.426 -0.264 -0.324 -0.211 -0.212 -0.120 0.570" -0.179
AL N Available nitrogen -0.279 -0.118 -0.195 0.266 -0.214 0.160 0.265 0.208
5 P Available phosphorus  —0.172 -0.051 0.157 -0.405 -0.19%4 -0.074 -0.047 -0.281
K -0.362 0.118 0.282 -0.187 -0.223 -0.227 0.223 -0.275
Cu -0.500 -0.085 0.372 -0.138 -0.611" 0.176 0.283 -0.444
Fe -0.473 0.196 0.158 0.063 -0.624" 0.249 0.213 -0.192
Mn -0.507 0.248 0.298 -0.090 -0.654" 0.330 0.211 -0.346
7n -0.100 0.027 -0.097 -0.261 -0.228 0.304 -0.354 -0.149

2.3.3 L8 C MBS ARMRPR TSRS A G .
6, B HEe CaEE CEE C/2 CLC TS bRAR
P ARAR PR - 4 BRI P XA 2 3 AH G ; L3 C/N S ek
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Table 6 Correlation coefficients of soil enzyme activity and carbon in rhizosphere and non-rhizosphere

ARPR 13E Rhizosphere soil

AEMR PR 113 Non-rhizosphere soil

Cx

Carbon R EOW b dakam | R B W Rkam
Urease Protease Amylase Catalase Urease Protease Amylase Catalase

4> C Total carbon 0.411 0.318 -0.134 0.368 0.436 0.370 0.250 0.439

C/N 0.767"" 0.589" 0.031 0.443 0.549 0.417 -0.214 0.424

Witk C Activated carbon -0.063 0.211 0.044 0.225 0.093 0.259 0.445 0.267

Wit C/4x C Activated carbon/To-  —0.430 0.118 0.170 0.038 -0.220 0.108 0.519 0.023

tal carbon

C NG Activity of carbon sink -0.388 0.146 0.152 0.057 -0.185 0.136 0.491 0.057

JE7% 4 C Non-activated carbon 0.690" " 0.325 -0.244 0.392 0.603 " 0.369 0.034 0. 468
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Vs e = — 264, 754 +37.899X

(F=15.695,P <0.01)

Yy e = 0- 021 +0. 019X

(F=5.832,P <0.05)

Vi ez = 1 026. 893 =5 315. 553X e

+6 930. 457X i

(F=9.174,P <0.01)

Vipns s = | 847.529 =9 039. 787X ey

+11 225, 008X pec

(F =8.460,P <0.01)
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Vi e = 30- 853 + 1. 963X peian

(F=12.906,P <0.01)

y s st = 0 230 = 0. 002X o

(F=11.059,P <0.01)

Fipss peeman: = 0 280 = 0 088X, sy — 0. 010Xy

=0. 071Xy

(F=13.187,P <0.01)

UEIIARBR 5 AEAR B A 398 85 P 935 X A B 4 7 28 1L
TR A S VR P 5 AR AR B - S AR i T LU AR B
IR UGS P X AR PR AN T L 2 A R R A
VEFH 5 MR - S8 U it 155 2 TR S0 AR B e ol o 50, T g 5 il
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Table 7 Correlation coefficients of soil enzyme activity and carbon in rhizosphere and non-rhizosphere and soil microorganisms in rhizosphere

HRPR 13 Rhizosphere soil

JEHR PR 1€ Non-rhizosphere soil

Ui T e R - — v — - - Fa S Ny -
o o hizosphere WE EOE bW TWLam | Wm EAM ekl TRam
Urease Protease Amylase Catalase Urease Protease Amylase Catalase
2 2% Total number of bacteria -0.340 -0.708" " 0.123 -0.277 -0.133 -0.617" -0.151 -0.213
FAEEEL Quantity of spore bacteria -0.350 -0.471 0.290 0.419 -0.082 -0.693" " 0.282 0.209
TR ST Quantity of actinomycetes -0.407 -0.402 -0.222 -0.132 0.016 -0.685"" 0.368 -0.006
FEL#% Quantity of fungi 0.209 0. 140 -0.269 0.292 0.049 0.338 -0.005 0.316
BT %X Quantity of potassium bacteria -0.263 0.120 —-0.426 0.156 -0.221 -0.116 0.265 0.058
fi#15 B 4X Quantity of phosphate solubilizing 0.735"* 0.467 0.005 0.129 0.395 0.520 -0.513 0.233
bacteria
PR B NI FE EX Quantity of pseudomonas — —0. 260 -0.187 -0.099 -0.308 -0.277 0.430 0.112 -0.240
fluorescens
LTS3 BT Quantity of cellulose-decom- - 0. 068 -0.536 -0.418 -0.146 0.129 -0.262 0.225 0.016
posing bacteria
ZALFEL Quantity of ammonifying bacteria 0.319 0.085 0.089 0.247 0.225 0.371 -0.190 0.220
AL %L Quantity of nitrifying bacteria 0.208 0.021 -0.100 -0.083 0.111 0.045 -0.268 0.031

% 8 TI AT, ARARER 3R E Wb, 40 TR R 2R TR 4R
EFHRIR A3 S A S T 1 S A DG, A R BB S R AR PR £
Bt AR A U 2 A OG5 FL DA B S AR PR AR AR PR 3 IRl
PR 0 250 OG5 i 0 DA A5 A AR B A M AR 1 TS 1 A
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Table 8 Correlation coefficients of soil enzyme activity and carbon in rhizosphere and non-rhizosphere and soil microorganisms in non-rhizosphere

HRPr 13 Rhizosphere soil

JEHR PR 1438 Non-rhizosphere soil

HPR LR EY ; S : : ; -

G v in shizosphere W B whW Takam | W EAW whm Taam
Urease Protease Amylase Catalase Urease Protease Amylase Catalase

YW EEX Total number of bacteria -0.449 -0.418 0.391 -0.562" -0.540 0.059 0.08 -0.681""

ZEAIFAEL Quantity of spore bacteria -0.020 -0.214 -0.453 -0.642" -0.095 0.135 -0.093 -0.459

JZEFE AL Quantity of actinomycetes -0.127 -0.114 0.214 0.138 -0.050 -0.213 -0.195 0.231

HE % Quantity of fungi 0.814"" 0.330 -0.196 0.071 0.688" " 0.049 -0.505 0.287

BT %X Quantity of potassium bacteria -0.164 -0.273 0.030 -0.138 0.095 -0.627" -0.067 -0.018

fiR P %Y Quantity of phosphate solubilizing 0.041 -0.048 0.366 0.067 -0.005 0.119 0.049 -0.110

bacteria

DGR NI E EX Quantity of pseudomonas — —0.050 -0.268 -0.491 -0.507 -0.079 0.096 -0.036 -0.343

fluorescens

LR 53 TR AL Quantity of cellulose-decom- 0.402 -0.299 -0.478 0.034 0.738"* -0.153 0.247 0.416

posing bacteria

ZALHEL Quantity of ammonifying bacteria 0.103 -0.150 -0.056 -0.274 0.015 0.486 -0.132 -0.155

L L Quantity of nitrifying bacteria -0.165 -0.170 -0.419 0.176 0.100 -0.421 0.222 0.213
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