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HEAERE R I PR G 2 AR OCHRIE . G, ASBIESEE i
PEHUIN TG AR a. #AE3 a. 5 af17 alf i S
DCARPR 443, BRI L3 e VR XS LI i A= i
AR . BN PE N AR R, B
B 32 AR X0 0 T i - S A A PR B A B o i 1) 5
e, Ay ks N T it - A g K AT Rk Ay AR ik B
WA .

1 MRS Ik

1.1 iRXIE R
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(TG B AR 3 570 ~ 3 729 C, AEEHREAK RN
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Rl vE S, ST RME TN, BERIE2ZEK,
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K M Excel 2010H1SPSS 19.04¢ i Mréx 4F k47
AL FET A3 A, SR A DuncaniZ k47 Ab # 0] 24 5
FEA: {sa

2 4 R

21 IRFEBAMR

T A ENE B IRA IR AR A
FREEAL, AR A S e R TN E
A (1) o Ho, EAET al, AP, 2R &
B A RSO R A e o R A AL A B
9ik4.8% . 33.6% . 27%. 6.9%. 15%F140.3%,

ZREE (p<0.05) . AW, KEEESEONT
T AR SRR

FRAE N T3S, H3pH. M SEHIC/NE
T, MAEEAMMRN (F1) o Hf, pH, BT
FEANC/N i 7 PR A PR E R T 4 v, T B2 43l
H5.2%. 29.7%M38.7%, #FHE (p<0.05) .
BRI T3 0 e F B B ke v, K%
PEXT s s s AR /N . R, HIEC/NIESE K
Wk A T RER A T I E R R AR T,
M5 & EERR, RIFELIEAVRM SR & 7R
2% T 2R T
22 TIEWMEYE

I T3 i E S BSMBC . SMBN ., qMB Al
SMBN/TN i # %A%, MWSMBC /SMBN i %3 K
(#£2) . Hr, #MET7 afif, SMBC. SMBN, qMB
MISMBN/TN #%F B 43 il K18 52.3% . 78.8% .
48.2%M151.7%, TiSMBC/SMBNJE X} IR(K2.254% ,
EEWEE (p<0.01) .

WM T, SMBC/SMBPAY L H 5% &
B AV BRI . B, K SMBPHISMBC/
SMBPZE &R H, A8 T 1 i k02
61 M FR2TT AL, SMBPAZ ¥ AR AF B (14 5% 1
SeTHE M, SMBC/SMBP 428 Ak I A 2 .

Rl MMIEMREEN T REBUERORIE

Table 1 Effects of continuous cropping of processing tomato on physicochemical properties of the soil

A N 5 % A
HEARAFER A AL B
Electrical
Years of continuous pH Bulk density Organic matter Total N
. N conductivity B o
cropping (a) (gem™) o (gkg!) (gkg™)
(mSem™)
CK 7.17+0.10b 1.31 £0.05a 0.15+0.00c¢ 16.54 £ 0.37a 1.22£0.07a
3 7.34 £ 0.16ab 1.27 +0.08a 0.17 + 0.00b 16.33 £0.74a 1.11 £ 0.07ab
5 7.42 £0.11ab 1.31 +0.07a 0.17 £ 0.00ab 15.26 + 0.28b 0.96 + 0.09h
7 7.54+£0.17a 1.28 £0.07a 0.19+0.01a 15.22 £ 0.24b 0.81 £ 0.04¢
HEARARIR R il A HAHT —
Years of continuous Total P Total K Available P Available K (‘J;N
cropping (a) (gkg™") (gkg") (mgkg™) (mgkg™) :
CK 1.00 £ 0.03a 9.56 £ 0.49a 43.78 + 1.26ab 56.6 + 6.6a 7.86 £ 0.14¢
3 1.03 £ 0.04a 10.06 + 1.14a 47.88 + 6.68a 47.3 £ 7.4ab 8.53 +0.25b
5 0.78 £ 0.04b 9.29+1.31a 39.78 £ 0.88b 43.5+4.7b 9.22 £0.19be
7 0.73 +0.03b 7.66 +0.49h 37.40 + 3.40b 40.2 £3.5b 10.90 £ 0.05a

¥ TR KNG FABEFEm A 6] % VB ob 3 0] 22 5 5 2 (p < 0.05) Note: Different lowercase letters within the same column

indicate significant differences between different treatments (i.e., years of continuous cropping ) at p < 0.05
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Table 2 Effects of continuous cropping of processing tomato on soil microbial biomass C, N, and P
HAFAE IR o o .
TR IR R
Years of SMBC SMBN SMBP qMB SMBN/TN e )
B . . KA 314
continuous (mgkg™) (mgkg™) (mg kg™) (%) (%)
SMBC/SMBN SMBC/SMBP
cropping (a)
CK 73.86 £ 1.54aA 15.26 £ 0.58aA 22.95+0.17¢C 7.70£0.0laA  7.83 £0.02aA  4.84 +0.08dC 3.22 £ 0.09bB
3 66.22 + 1.80bB 10.17 £ 0.64bB 37.83 £ 0.50aA 6.99 £0.09aA 5.52+0.14bB  6.51 £0.23heB  1.75 £ 0.06dC
5 50.79 £ 0.74cC 6.78 £ 0.55¢C 27.07 £0.15bB 5.79 £ 0.18aAB 3.78 £0.12¢C  7.60 £ 0.71hB 1.89 £ 0.02¢C
7 35.25+£1.29dD 3.24+0.27dD 10.35+0.21dD 3.99 +0.08bB  2.10+0.12dD  10.88 + 0.51aA 3.40 £ 0.07aA

I:: SMBC. SMBNFMISMBPZ3 5l LIEGRUAE Y LRk . AMBE; gMBABAYR, SMBN/TNA HIEMAYEAS LIESEN L
fE., SMBC/SMBNZ L SEff /- Wi 2 1L, SMBC/SMBPOy - SERUE Yy kBl LE o [R) 50 v B (i s T8 A AR ) R /NS S R AN [ e AR Ak
HAZEFEE (p < 0.05) HEFWEE (p < 0.01) . FlH Note: SMBC, SMBN, and SMBP mean soil microbial biomass C, soil

microbial biomass N, soil microbial biomass P, respectively; ¢gMB means microbial quotient, SMBN/TN means ratio of SMBN to Total

N, SMBC/SMBN means ratio of SMBC to SMBN, SMBC/SMBP means ratio of SBMC to SMBP. Different lowercase and uppercase letters

within the same column indicate significant differences hetween treatments different in history of continuous cropping at p < 0.05 and

p < 0.01, respectively. The same as below

Ho, EAE3 alt, SMBPE &Ik B KM, Xt
BEfK1.656%, SMBC/SMBPFE % fix/IME., %8 X% BRI
NA5 7%, W EE (p<0.01) ; HEAET alif,
SMBP & & 4 %F IR [# Ik 1554.9% , SMBC/SMBP X%}
Mry1.06f%, ZREEE (p<0.01) .
23 HIEFEMEMY

WFoE FE R Sk (RO ) . & (IREG) .
W (BERREG ) 1f 30 S5 A I BEE T 438, M 35
A PR R 58 0 R BE S I AR AR ST g
g . R EG . IR . 2 S Ak i KR
Yo 1l 5 AP 3% P i 0 T 2 0 3% R AT PR Y JE 4 3
BN (£3) o EET at, LIHEBRRE . IR
iy . 2o M S 1A T R TR A TR 1 O A A AR, O IR
I BIREAR T46.5% . 65.7% . 53.9% . 82.2%, 25
Wi (p <0.01) o F3erbad S A Um0 P BE
TEAMEEFRRINE B 5T mas (K3)
Hr#EAE3 a. 5 aff il S Ak UM I P2 X B 1545
M17fs, BoFHZRERARE; EET alitid &
A U 1 P IR B R KA 2.10 mg g7t B HREE T
52.4%, ZHFWMEE (p <0.01) .
2.4 MMIFEMFEE

MFAT] LIE W, 0 T2 A A R, R
ORI 7 i 3 B A % AR AR PR G 1 5 G 3 RIS
o By SEEFERZ B 2R EE A, y=
-3 449.5x+68 378 (r=0.974 6 ) . Hh, #HET a
A SR, SR R B B REARIR 17% . 20%

f34%, ZRWEE (p<0.01) .
25 MIBMTESHEMEYEEMNER

+ AR BT A W TR R AR
VIR R, MHCPET R, pHS LIEMAEDY
HOREAER M, (EXF 4 3 R S M A W A
WVE R, 6 i Sk S A AR R 0 IR TR
(p<0.01) ; BRI AR, AP,
SR AW R S A Y R M T
B ENR B E IR RS R
YR A, Hd, SMBC, SMBN & gMBY5 +
SRR . REMEEG . 2 1 S Ah A TR I R A
FOAEAHDC, 0 A S T A A DG
(p <0.01) .

FZRSATAN, N T3 ™= i 5SMBC . SMBN X
qMBH: BZEIEM X (p <0.01) , 5 HIE0RE . #
TR . REAENG . 2 W A AL M R s O
G WML, A HER A= Wy T 1 R A 1)
T a7 e
2.6 FEROIBIRRE T

K F 4 b i — 2 R R SRAY  T
A= Wy RIS X AR A BTk . P R e mT
M7 2 DTk 5 86.34% , Xf N )
HEEEMEH, TR+ IR ) R G A
HE . WIRREE (£7) , AUEBMHTF KT
0.753F, HF—FWr i HEpH, AR, 2%,
PR . SMBC. SMBN . JIKME . BEWEEE . 481k
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Table 3 Effects of continuous cropping of processing tomato on soil enzyme activity

HEAFAERR
UA SA CA PoA PhA
Years of continuous . . . . .
(NH;-N mg ¢g™' soil ) (mg g™ soil ) (0.1 mol L™ KMnO, ) (mg g™ soil ) ( mg phenol g™' soil )
cropping (a)
CK 5.13 £ 0.08aA 40.67 £ 4.23aA 1.00 = 0.13¢C 1.65 +0.10aA 0.071 £ 0.002aA
3 3.43 £0.07bB 18.72 £ 3.46bB 1.50 £ 0.14bB 1.10 £ 0.15bB 0.065 + 0.003bB
5 2.22 +0.09¢C 10.42 £ 3.62¢BC 1.70 £ 0.09bB 0.93 +0.20bcB 0.049 £ 0.002¢C
7 1.76 £ 0.06dD 7.24 +3.42¢C 2.10 £ 0.08aA 0.76 £0.11cB 0.038 £ 0.001dD

T UARIREGSG TR SARREMEGG T PhASHBERR G M PoAN Z MW EALMEE M CA T S AL A MG M o W3] b 450 (8 f5 e
WA I NE PR FOR R FEAE A B 25 B3 (p < 0.05) SZFWEBE (p < 0.01) o T Note: UA, SA, PhA, PoA and
CA stand for urease activity, sucrase activity, phosphatase activity, polyhenoloxidase activity and catalase activity, respectively.
Different lowercase and uppercase letters within the same column indicate significant differences between treatments different in history of

continuous cropping at p < 0.05 and p < 0.01, respectively. The same below

T4 EEMMIEBEMTEHENE
Table 4 Effects of continuous cropping on processing tomato yield

BEAEAER FREL

ER7R 3 R AN A
Years of continuous Plants number ,
N Fruit number per plant Fruit weight (g) Yield (kg hm™)
cropping (a) (m™)

CK 3.16 57.4 £ 1.3aA 41.5 + 1.4aA 64 014 +3 505aA
3 3.16 54.2 + 1.6bAB 39.8 + 1.2abAB 57 973 + 3 337hAB
5 3.16 53.3+0.8bB 37.7+1.1bB 53 989 +2 406bB
7 3.16 47.6 £ 1.2¢C 33.1+1.2¢C 42 345 +£2 581c¢C

RS MIFMFESTEBEVFEEMBEXME

Table 5 Relationship between processing tomato yield and soil microbial activity

SMBC SMBN gMB UA SA PhA PoA

7o Yield 0.980"" 0.9617" 0.992™ 0.9017 0.853" 0.9617" 0.893"
T R IRTE0.05FI0.01 K- L) 25 57 B3 PE Note: * and ** indicate significance of difference at p < 0.05 and p < 0.01,

respectively

2B, ZWHAMBAMBEIRESEIINMER, BN BT KRE L, HmRRE SRS, pHE &, MR
S ERLEE T 2. EAWEMSMBPAE3NMEbR. ] APk, I HE pH BARE, RIAEZEES a

T, 3 1AANE R AT LA - S AR 7 11 5 AR JE e p HI FH i R 3%
BEFE R, I T3R5 01 76 1 I 4 H vy 2 1
3 0 ® SBFE, WHEE T TR, LSRR
%%%%EWSMEDO,%%i%ﬁﬁTmEﬁ
3.0 AT E 7 e X 1 ER Ak 1 AR B B0 WAL B4 . mUﬁﬁEMIﬁmTiFL*%

AT ERY, ERROERIEE N, EHAE  BEREERA, SUET ARRE TR EAE,
SR, HEpHAL 7.1 ~ 7.5 0], ki ZEEiﬁ“» zm"Mﬁ@Ew {45 Kk o it
TN T H A I EpHA TS, X SXEE  pahTHERX L, FREss TR, &L
SEPPTIEAE AL IR R R Bk, R B R KB R R, (R R4
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Table 6 Principal component analysis of soil nutrient content, microbial biomass and enzyme activities

T F 4 FR Ttem

#— W PCL

9 R PC2

FRIEAR
Characteristic root
Ty 25 DTk
Variance contribution ( % )

FRIT 2 Tk R

Accumulative contribution rate to variance ( % )

14.68 1.90
86.34 11.16
86.34 97.51

. FRAEARTE R BFU 22 5Tk Note: Characteristic root means accumulative variance contribution

RT HRIBEERSHFERE

Table 7 Eigenvectors of principal components of the test soil

W7E F by Hi— T HAr-1 (%) E IRy -2 (%)
Determining quota PCl1 Load value-1 PC2 Load value-2
pH -0.150 -0.962 0.103 -0.275
A ML Organic matter 0.049 0.772 0.043 0.553
4% Total N 0.053 0.814 0.044 0.579
£ Total P -0.021 0.624 0.141 0.729
4= BfiTotal K -0.109 0.386 0.256 0.898
R Available K 0.149 0.960 -0.101 0.280
AL Available P -0.111 0.366 0.257 0.889
SMBC 0.030 0.769 0.076 0.638
SMBN 0.103 0.900 -0.030 0.433
SMBP -0.205 0.037 0.367 0.991
gMB 0.020 0.743 0.089 0.658
SMBC/SMBN -0.037 -0.764 -0.062 -0.599
UA 0.134 0.942 -0.079 0.327
SA 0.176 0.984 ~0.145 0.177
CA -0.106 -0.898 0.036 -0.415
PoA 0.162 0.973 -0.123 0.228
PhA 0.032 0.773 0.073 0.633

T A1, 2 -2 948 & s FRE A 007 2 1 4% Note: Load value—1 and Load value—-2 means the percentage

of variance carried on each of the main components of each factor
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Effects of Continuous Cropping of Processing Tomato on Physical-chemical
Properties of and Microbial Biomass in the Soil

KANG Yalong" > JING Feng' SUN Wenqing' TAN Jianxin' RAN Hui' JIANG Guiying''
(1 Laboratory of Oasis Ecology Agriculture of Xinjiang Bingtuan, Shihezi University, Shihezi, Xinjiang 832003, China )

(2 Bavaria Agricultural Technology Promotion Center, Kuerle, Xinjiang 841000, China )

Abstract The Xinjiang Uyghur Autonomous Region is the main processing tomato production area of
China. So production of processing tomatoes is the backbone of the local economy. To meet the demand for
processing tomatoes of the market, continuous cropping or monocropping is widely adopted for the production
of processing tomatoes, but unfortunately it has become the main factor limiting stable production and high
yield of the crop in the region. It is, therefore, important to understand the mechanism of continuous tomato
cropping regulating soil microbial activity. The objective of this study was to explore effects of continuous
tomato cropping on physical, chemical and biological properties of the soil, in a view to providing a
theoretical basis for sustainable development of the processing tomato industry in Xinjiang. A mono-cropping
field experiment started in 2007 at the experiment station of the Agriculture College, Shihezi University.
The cultivar of processing tomato used in the experiment was “Ligeer 87-5" . Soil samples were collected
for analysis from plots different in cultivation history, 3, 5, and 7 yr of continuous cropping and from the
control plot which had been undergoing fallow for 3 years before tomato was planted in 2014. Results show
that with continuous cropping going on soil pH increased and soil total P, available P and total K increased
first and then decreased; soil bulk density did not change much. After 7 years of continuous cropping,
soil organic matter content, total N, and readily available K decreased by 8, 21 and 29%, respectively.
Moreover, soil microbial biomass C ( SMBC ) , soil microbial biomass N ( SMBN ) , and the microbial
quotient ( gMB ) all displayed declining trends as continuous cropping went on and decreased by 52, 79, and
48%, respectively, after 7 years of continuous cropping. Soil microbial hiomass P ( SMBP ) increased during
the first three years of continuous cropping, peaking up to 1.6 times as high as that in the control and then
decreased. Continuous cropping significantly increased the activity of soil catalase, but reduced the activities
of urease, sucrase, polyphenoloxidase, and phosphatase. And what is more important, it led to a significant
drop, as much as 34%, in yield of processing tomato, (p<0.01) in the treatment of 7 years as against the
control. Correlation analysis shows significant correlations between soil pH, soil microbial biomass, gMB,
soil enzyme activity and soil nutrient content. All the findings indicate that variations of soil microbial biomass
and microbial activity may reflect changes in soil quality and thus can be used as biological indicators in
evaluating soil fertility. Continuous cropping of processing tomato significantly increases soil pH and electrical
conductivity and inhibites the activity of soil microbes, thus lowering soil fertility, and eventually yield of
the crop. So the negative effects of continuous cropping are obvious. To maintain soil fertility and improve
processing tomato production, it is essential to rotate processing tomato with cereal crops. In regions where
farmland is limited in area, it is advisable to cultivate the crop continuously no more than three years.

Key words Processing tomato; Continuous cropping; Soil nutrient; Soil enzymes; Soil microbial

biomass; Microbial quotient

(EEHRmig: EME)
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