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Effect of cropping system on flax soil enzyme activity

CHEN Jun,WANG Li-guang, YE Chun-lei, LI Jin-jing, OU Qiao-ming, LUO Jun-jie
( Biotechnology Institute ,Gansu Academy of Agricultural Sciences, Lanzhou, Gansu 730070, China)

Abstract ; With five different cropping systems; rotation, fallow, continuous cropping, intercropping, and fal-
low-cropping rotation, combined with path analysis,we studied the effect of soil nutrients on enzymes activities un-
der different cropping systems in flax field. The results showed that: (1) In flax shapping period, there were no
significant differences in soil enzyme activities in the topsoil of the study area (P<0.05), indicating that different
cropping systems had no obvious effect on soil enzyme activities in the early stage of flax growth; At the flowering
stage ,invertase activity under T1, T2, T3 and T4 increased by 44.6% , 53.3%, 61.9% and 34.9%, respectively,
compared with that under TS; urease activity under TS, T1, and T2 increased by 266.0% , 157.0% and 140.0%,
respectively, compared with that under T4; alkaline phosphatase activity under T3 increased by 54.0% compared
with that of T2; At the fruit stage, the catalase activities under T2 and T3 were 1.41 mL + ¢”' - h™" and 1.51 mL -
g' « h™", which were significantly higher than that of T1, T4, and T5. (2) In flax flowering period, urease activi-
ty of T2 and TS were 1.74 mg - ¢”' - d™" and 1.70 mg + g”' - d™', respectively, which were significantly higher
than that of T1, T3 and T4 in subsoil; catalase activity under T1 increased by 212.0% compared to TS ; alkaline
phosphatase activity of T5 increased by 21.6% compared with T4. (3) Invertase had a significant positive correla-

tion with urease but negative correlation with alkaline phosphatase and the other enzymes. (4) In topsoil, different
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soil enzyme activities were affected by multiple effects of soil nutrient factors: pH and total phosphorus content pro-

moted the activities of invertase and catalase while the organic matter and pH content promoted alkaline phosphatase

activity; In subsoil, soil enzyme activities were affected by the multiple effects of soil factors, mainly limiting

factors and the number of limiting factors was much greater than that in the topsoil.

Keywords: cropping system; flax; soil enzyme activity; soil nutrient; path analysis
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g‘ - d7'ZME, B 2 AT LAE 4R g A
BEEETE TS M 252 mL » g7+ h™' BB ST T3, Bk i
FAREEYE T3 H7.96 mg - ¢ - 47", BEE T T5,2 Fifil
ZIE2E SRR S RIVE N A %,,\{Lﬂtﬁllﬂﬂﬁﬁ%‘

B LSRRI YRR 723,63 255, BEWHEEES PEA T 20.20 ~ 30. 67 mg-g' - d'Z
~31.93 mg + g - d7' ZJE] WREEETENT 4.02~6.19 mg  [8] IREEG AT 2.28~3.07 mg - ¢! - d7' 2],
F1 iAleih HIEEAREUER
Table 1 Basic physical and chemical properties of soil in test plots
TG FE4R Soil index FAy Year T1 T2 T3 T4 T5
HHLFR/ (g - keg™) 2015 17.4 18.95 18.5 19.15 -
Organic matter 2016 15.7 16.6 17.8 18.2 19.5
H 2015 8.03 8.19 8.08 8.22 -
P 2016 7.99 8.12 8.23 8.17 8.2
FR/ (mg - kg™) 2015 26.6 46.35 42.6 40.4
Available phosphorus 2016 50.9 71.3 73.3 62.2
A/ (mg « kg™") 2015 96.5 126 109 85 -
Available potassium 2016 108 118 106 105 106
DA/ (mg - kg™") 2015 67.5 55.5 37 37.5 -
Alkali nitrogen 2016 94.1 97.4 95.6 85 101
2%/ (g - kg ") 2015 1.12 1.16 1.14 1.71 -
Total nitrogen 2016 0.99 1.47 1.11 1.03 1.11
2/ (g - kg™) 2015 1.43 1.53 1.47 1.71 -
Total phosphorus 2016 1.2 1.35 1.4 1.2 1.5
2/ (g - kg™h) 2015 23.65 24.6 23.9 23.55 -
Total potassium 2016 20.5 20.6 20.8 20.4 20.9
“ =" FORTCBAR, JFFE L 2015 4F TS NRINALHE, 5 T4 SEAHEALHE, RN (55 14F) .
Note: “—" means no data, because the T5 was a fallow treatment in 2015, and the same treatment as T4 was fallow (the first year) .
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THE,

Note: T1; Wheat-flax rotation; T2: Flax continuous cropping; T3: Wheat-flax intercropping;

T4, Fallow; T5: Fallow-flax rotation. Different

lowercase letters in the same column indicate significant difference at P<0.05 level, the same below.

1
Fig.1

RN EA = A TR A T AR TR (0~20 ecm T /B)

Soil enzyme activities of different treatments in flax shapping period (0~20 cm soil layer)



180 TR A T

537 &

2.1.2 WRBLME ARG LIEMELE NE3
AU Y SHRRISE AL A 2 4 2 (] 4 38 ] 885 410
fEEBRE T E 25 N T 0.26~0.49 mL - g7 -

h™' 2z Ja]; BEREAE G PE TS 4 29.83 mg - g7 - d7', B
FACT HABAL B, T1 T2 T3 F1 T4 43 9148 T5 $25
44.6% 53.3% .61.9%F1 34.9% ; IRBEEHE 1 T4 4 0.86
mg - g™ - d7, TS T T2 43548 T4 #2755 266.0%
157.0% 71 140.0% , Ut I DR B TE 6 5 7R 90 2 B 1% 25 5

35.00
a
s 30.00
_' >
wZ 25.00
@2 20.00
E9
# 2 15.00
4 3
#.5 10.00
480
#
s 5.00
0.00

Tl T2 T3 T4 TS
Ab B Treatment

=

(B M/ (mL e g '+ hh)
Catalase activity

ARG R B DD ; B Wl IR il 05 % T3 4 11.35 mg -

g AT BERT T2, NE 4 TAEN, FE+HZ+
SR [R) b B [v) PR T G G 3 25 5, A T 13,43~
40.83 mg - g71 . dleItﬂ,H)?(@ﬁ{ﬁ@ T2 H 1.74 mg *

g - d' TS5 H1.69mg g - d, BEET TL.T3
T4 EAL SR EEEYE T OM 1.56 mL - 7' - h™' 4%
TS5 $& 55 212.0% ; B 14 W5 R i 15 14 TS 4 8.56 mg -

g - dT B TARE T 21.6%,

. dﬂ)

Urease activity

iR il 35 P/ (mg » g

Tl T2 T3 T4 T5
Ak P Treatment

10.00
ab ab a

'd‘)

g 375 1/ (mg » g
Alkaline phosphatase activity

ab

N
7 5

o i

T1 T2 T3 T4 TS
4k ¥ Treatment

2 AR EA B Ab I R T EEEETE 1 (20~ 40 cm £ /B)

Fig.2 Soil enzyme activities of different treatments in flax shapping period (20~40 cm soil layer)
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Fig.3 Soil enzyme activities of different treatments at the flowering stage of flax (0~20 cm soil layer)
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Fig.4 Soil enzyme activities of different treatments at the flowering stage of flax (20~40 cm soil layer)
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Fig.5 Soil enzyme activities of different treatments at the fruit stage of flax (0~20 cm soil layer)

7.00
o600
= 25.00
wE
g’? 4.00
<23.00
# 3
415 2.00
i 1.00
0.00
s
=Rp r
T 12000 . a
' S 10.00 [
w3
5;5 8.00 [ a a
=S 6.00f
iz g
25 4001
& =
w2 200
==
=< 0.00
Ti T2 T3 T4 Ts

At 2 Treatment



182 T b X ARV A 5T

537 %

Invertase activity

REREEE I ME/(mg e g "o d )

Tl T2 T3 T4 TS
Ab ¥ Treatment

o200
= a
Pz o150
2=

E—»

=2

Ho 1.00
HI S

B

®© 050
S|

®

2 0.00

T1 T2 T3 T4 T5
Kb P Treatment

)

1

Urease activity

WA 35 /(g ¢+ d

Tl T2 T3 T4 TS
ik B Treatment

Alkaline phosphatase activity

Bl P B B VS M /(mg e g ' e d )

Tl T2 T3 T4 TS5
Ab FE Treatment

6 HARRFIREA &AL H T IRERTEE(20~40 cm £/R)

Fig.6  Soil enzyme activities of different treatments at the fruit stage of flax (20~40 cm soil layer)
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Table 2 Correlation coefficients of soil enzyme activities
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Soil enzyme Urease  Invertase Catalase
phosphatase
KT Urease 1.000
FEPERS Invertase  0.749 1.000
T M 2
Alkaline -0.851 -0.969 " 1.000
phosphatase
wHEALE
ML o, gun ~0.406 1.000
Catalase

TE AT T R R 2 5 2B E M, =«
FIR P<0.05 KTV T BFEMRK,
Note: The data used in the correlation analysis is the average of the

values of the topsoil and the subsoil, “ * ” indicates a significant correla-

tion at P<0.05 level.
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Table 3  Path analysis between soil organic matter, pH, soil nutrient and soil enzyme activity in topsoil

FAs &8 Y A AR X WA [8] 42238 42 22 %X Inter-turn diameter coefficient 24 75
Depend SN
ependent Independent Path Total effect
variable variable coefficient X, X, X Xy Xs X X, Xy ol eflec
X, 0.79 058  0.17 -0.13 -021 0.12 056 025 2.14
X, -0.15 -0.11 -0.08 0.0l -0.01 -0.05 -0.08  0.01 -0.46
X, 0.13 0.03  0.07 0.04  0.10 -0.02 -0.02 -0.10 0.22
i X, -0.53 0.09  0.03 -0.15 -0.13 019  0.17  0.03 -0.31
Urease X, 2.36 -0.63 0.12 1.85  0.59 -0.99 -1.28 -2.10 -0.07
X, 0.73 0.11 023 -0.12 -026 -0.31 0.46  0.21 1.04
X, -0.49 -035 -0.25 008 0.16 027 =031 -0.31 -1.20
Xq 2.02 0.65 -0.12 -1.54 -0.10 -1.79  0.57 1.26 0.94
X, .15 086 025 -0.19 -031 0.18 082 037 3.14
X, -1.11 -0.82 -0.43  0.05 -0.06 -0.35 -0.57  0.05 -3.24
it X, 0.58 0.13  0.30 0.16 046 -0.10 -0.09 -0.10 0.89
A R X, ~0.62 0.10 003  0.03 ~0.16 023 020 -001 -0.20
Alkaline X5 1.02 -027 005 -021 026 -043 -0.56 0.4 0.10
phosphatase X 1.31 0.20 042 -0.03 -047 -0.55 0.82 0.06 1.75
X, -1.05 -0.75 -0.54 0.2 034 057 -0.66 -0.47 -2.44
Xg 1.56 050 -0.09 -0.38 -0.08 -1.38 044 0098 0.48
X ~0.39 029 -0.09 0.6 010 -0.06 -0.28 -0.13 ~1.06
X, 1.13 0.84 059 -0.06 0.06 036 058 -0.07 3.16
X, 1.71 037  0.20 0.48 134 -029 -027 -1.31 2.23
A G X, -0.99 0.16 -0.01 -0.28 -0.25 036 032  0.05 -0.64
Invertase Xs -0.02 0.01 0.00 -0.02 -0.01 0.01 0.01 0.02 0.002
X, 0.68 0.11 0.03 -0.11 -025 -0.29 043  0.19 0.79
X, -2.43 -1.73  -0.89 039 079  1.32 -1.52 -1.52 -5.60
X 2.86 092 =005 -2.19 -0.15 -2.54  0.80  1.79 1.45
X, ~0.39 029 -0.09 0.06 010 -0.06 -0.28 -0.13 ~1.06
X, 1.20 0.89 0.63 -0.06 0.06 038 062 -0.07 3.65
X, -2.90 -0.63 -1.52 -0.82 -227 049 046 222 -4.97
AL A X, 0.80 -0.13 -0.04 0.3 020 -029 -026 -0.04 0.47
Catalase X; -0.95 025 -0.05 =075 —0.24 040 052  0.85 0.03
X, -1.08 -0.17 -034 0.8 039 045 -0.68 -0.30 -1.55
X, 1.42 1.01 073 -023 -046 -0.77  0.89 0.89 3.48
Xq -3.19 -1.03  0.19 244  0.16 2.84 -0.90 -2.00 -1.49

H:HEE X=X, X, , X, X, , X5, Xe , X, Xg | = {UABUBT, pH, A58, SR A, 28, 20, 281, TR,
Note: The independent variables X; ={ X, ,X,,X;,X,,X5,Xs,X;,Xg} = { organic matter, pH, available phophorus, available potassium, alkali ni-
trogen, total nitrogen, total phosphorus, total potassium| , the same below.

®4 TXETEAVR pH RTEFRS S TEBEEEEHEZST

Table 4  Path analysis between soil organic matter, pH, soil nutrient and soil enzyme activity in subsoil

HAZ i Y A X WA ] 42238 42 228X Inter-turn diameter coefficient Y e
Dependent Independent Path T”l_r‘l ffA 1
variable variable coefficient Xy X, X3 Xy Xs X X, Xg otal eflec
X, 147 -1.09 -032 024 039 -023 -1.04 -047 -3.99
X, 0.10 0.08 0.05 -0.01 0.01 0.03 0.05 -0.01 0.31
X, 2.66 0.58 1.39 0.75 2.09 -045 -0.42 -2.04 4.56
o it X, -1.58 -1.18 0.08 -0.44 -0.40 0.57 0.52 0.08 -2.36
Urease X 0.43 0.32 0.02 0.34  0.11 -0.18 -024 -0.38 0.42
X -0.14 -0.11  -0.05 0.02  0.05 0.06 -0.09 -0.04 -0.29
X, -0.02 -0.01  -0.01 0.00  0.01 0.01  -0.01 -0.01 -0.05
Xg 3.35 248 =020 -2.56  -0.17  -2.97 0.94 2.10 2.97
X, 0.70 0.52 0.15 -0.11 -0.19 0.11 0.50 0.23 1.91
X, 0.23 0.17 0.12  -0.01 0.01 0.07 0.12  -0.01 0.75
et e s X, -1.60 -035 -0.84 -045 -1.26 0.27 0.26 1.23 -4.00
ﬂﬂaﬁﬁf‘i@ﬁ X, 0.48 -0.08  -0.02 0.13 0.12 -0.17 -0.16 -0.02 0.83
X -0.37 0.10 -0.02 -029 -0.09 0.15 0.20 0.33 -0.45
phosphatase X -0.55 -0.08  -0.17 0.09 0.20 0.23 -0.34  -0.15 -1.24
X, 1.81 1.29 0.93 -029 -0.59 -0.98 1.13 1.13 4.96
Xq -2.53 -0.81 0.15 1.93 0.13 225  -071  -1.58 -2.89
X, 0.58 0.43 0.13 -0.09 -0.15 0.09 0.41 0.19 1.58
X, 0.75 0.55 039 -0.04 0.04 0.4 0.38  -0.04 2.27
X, -3.02 -0.66 -1.58 -0.85 -2.36 0.51 0.48 231 -5.17
TEWH B X, 0.60 -0.10  -0.03 0.17 0.15 -022 -020 -0.03 0.35
Invertase X -0.46 0.12 -0.02 -036 -0.12 0.19 0.25 0.41 0.01
X -1.39 -0.22  -0.44 0.23 0.50 0.58 -0.87 -0.39 -1.99
X, 1.89 1.34 0.97 -030 -0.61 -1.03 1.18 1.18 4.63
X -3.35 -1.08 0.20 2.57 0.17 298  -0.94 -2.10 -1.56
X, ~1.14 -0.85 -0.25 0.18 030 -0.18 -0.81 -037 -3.10
X, 1.06 0.79 0.55 -0.05 0.06 0.34 0.55 -0.06 3.22
X, -0.15 -0.03  -0.08 -0.04 -0.12 0.03 0.02 0.11 -0.25
i A Ak S X, -0.09 0.02 0.00 -0.03 -0.02 0.03 0.03 0.01 -0.05
Catalase X -0.10 0.03 -0.01 -0.08 -0.03 0.04 0.06 0.09 0.00
X, -0.16 -0.03  -0.05 0.03 0.06 0.07 -0.10  -0.05 -0.24
X; -0.36 -0.25  -0.18 0.06  0.12 0.19 -0.22 -0.22 -0.88

Xy 0.64 0.20 -0.04 -049 -0.03 -0.56 0.18 0.40 0.30
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Table 5 Total effect of decision coefficients of soil enzyme
activity (Y) with soil organic matter,

pH value, and soil nutrient in topsoil

/l‘li%
sz'iable A X X X Xs Xs X; Xg

Y 0.740  0.024 -0.005 —0.443 -12.383 -0.724 0.165 -4.005
Y, 0.183 1.106 -3.103 -1.556 —0.001 -0.581 3.830 -8.295
Y3 1.587 1.161 -0.276 -0.843 -3.629 -2.807 0.388 -3.451

Y, 0.181 1.527 -2.724 -1.027 -2.023 -1.581 1.374 —10.039

xo6 TXELEANR pHERLESRSS
TR (V) KRR RS
Table 6 Total effect of decision coefficients of soil enzyme
activity (Y) with soil organic matter,

pH value, and soil nutrient in subsoil

2k
Variable Xl XZ X3 X4 XS XG X7 XS

Y, -3.621 -1.905 0.076 -1.996 -1.467 -2.011 -2.642 7.902
Y, -1.667 -0.57+14.574 -2.341 -2.597 -1.799 -1.281 —6.521
Y; -0.034 -1.542-7216 -1.164 —2.993 -2.703 3.947-6.341
Y, -3.683 1.286-2.420 -1.521 -2.396 —2.067 —3.554-1.256
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