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Abstract; Effects of the different methods of Solarization on greenhouse soil temperature, enzyme activity and microbial
population, and cucumber root knot nematodes were studied in both laboratory and field experiments. The results showed
that Solarization of soil in ridge and furrow with plastic film mulching was the most effective method to affect greenhouse soil
temperature , enzyme activity and microbial population. After 16 days of treatment, the highest soil temperature in the depth
of 10, 20, 30, 40 and 50 cm was 59.1, 57.7, 56.6, 48.9 and 47.6 °C, respectively. In addition, the daily time period
of the soil temperature over 55, 50 and 45°C was 7.5, 8.5 and 16 h, respectively. With the increasing of soil temperature,
the killing effects were improved. The activities of urease, invertase, alkaline phosphatase, and catalase in 0 —20 cm deep
soil were reduced by 43.3% , 18. 7% , 20. 1% and 13. 1% , respectively. The populations of soil fungi, bacteria and
actinomycete were reduced by 96.0% , 84.8% and 53.9% , respectively. However, the reduction of soil enzyme activity
and microbial populations had some negative effects on soil environment. The above method had the most significant effect

on soil as compared to the other 2 methods we also evaluated. Solarization of soil in ridge and furrow without plastic film
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mulching was less effective and that in flat soil without plastic film mulching was the least effective. The ridge and furrow
Solarization with plastic film mulching can effectively control the cucumber root knot nematodes in the soil depth of 10 —
50cm. The control was 100% after one and two years, 96.7% after three years, and 72. 8% after five years of solarization,
respectively. The effect of ridge and furrow with plastic film mulching on the cucumber root knot nematodes was the best and
its effective duration was the longest. In contrast, the ridge and furrow Solarization without plastic film mulching was less
effective and the flat Solarization without plastic film mulching was the least effective for cucumber root knot nematode

control.

Key Words: solarization ; greenhouse ; soil temperature; soil enzyme activity; Soil microbial population; cucumber root

knot nematode
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Fig.1 Effects of Solarization on the soil temperature deep in 10 cm Fig.2 Effects of Solarization on the soil temperature deep in 20 cm
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Fig.5 Effects of Solarization on the soil temperature deep in 50 cm

under greenhouse
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Table 1 Effects of the different methods of Solarization on four kinds of enzymes in greenhouse soil

FREEWA A, BA
KT TR 74
TR R SHI R I IREAE 60°CIREE A1 TG tERR ™, EREE A E R IT , SARK AR AR

[LNES IR (em)

[ 1% Enzyme activiy

Kinds of enzyme Soil deep

i H Items A

B

C

D

CK

R I

Urease
(NH;-N
mg/100g)

PLEZ ]

Treatment before

LB

Treatment after

JEEREHTE + %

Growth rate

Ak PR

Treatment before

AP

Treatment after

JEEREHTE + %

Growth rate

Ak PR

Treatment before

AP

Treatment after

JEH BRI = %

Growth rate

PLEZ ]

Treatment before

LB

Treatment after

JEEREHTE + %

Growth rate

Ak PR

Treatment befor

AP

Treatment after

0~20
3.945 +0. 089
-43.3

20 ~40 5.397 +0.187

3.994 +0.101

-26.0

e i3

Invertase

(mg/g)

8.865 +0.289
7.205 +0.253
18.7 -

20 ~40 5.94 £0.213

5.450 £0.157

-8.2

iR
BRERG

Alkaline
phosphatase

57.99 £2.87

46.34 £1.96

4.278 £0.121

-36.4

5.635 +0. 148

4.669 +0.099

-17.1

8.315 +0.278

7.350 +0.231

-11.6

5.595 +0. 129

5.155 +0.118

-7.9

58.05 +2.21

48.80 £1.68

6.954 £0.235 6.723 £0.316 6.726 +0.219

4.828 £0.129

-28.2

5.105 +0.201

4.395 £0.138

-13.9

8.461 +0.281

7.532 +0.253

-11.0

6.021 +0.204

5.683 +£0.157

-5.6

60.31 +2.73

52.24 £1.87

6.821 +0.298

5.635 +0.132

-17.4

5.529 +0.153

4.998 +0.113

-9.6

8.622 +0.282

7.932 +0.231

-8.0

5.776 +0.130

5.596 +0.118

-3.1

57.30 +2.33

52.82 +1.68

6.457 +0.361

6.196 +0. 136

-4.0

5.338 +0.212

5.225 +0.128

-2.1

8.725 +0.311

9.560 +0.310

-2.0

6.145 +0.210

6.080 +0. 188

-1.1

56.47 £2.77

53.83 £2.23
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T8 S HHEVREE (em) G Enzyme activiy
Kinds of enzyme Soil deep i H Items A B C D CK

(% mg/100g) JEE BT = %

Growth rate

PLEZ ]

Treatment befor

LB

Treatment after

JEH BRI = %

Growth rate

LHOTRMER 0 AW

Catalas Treatment befor

(0.1mol/ L) phsLi) =

Treatment after

JEEREHTE + %

Growth rate

Ak PR

Treatment befor

AP

Treatment after

JEH BRI = %

Growth rate

-20.1 -15.9 -13.4 -7.8 -4.6

68.37 £2.99  69.200 +3.15 65.82+2.86 67.90+3.36 66.17 +3.12

20 ~40

55.54+2.12  57.62+2.67 59.11+2.12 63.36 £2.67 64.71 £2.88

-18.8 -16.7 -10.2 -6.7 -2.2

0.817 £0.035 0.797 £0.039 0.792 +0.032 0.802 +£0.037 0.797 +0.037

0.710 £0.033  0.737 £0.034 0.712 +£0.033 0.748 £0.034 0.791 +0.035

-13.1 -7.5 -10.1 -6.7 -0.8

0.740 £0.041 0.752+0.032 0.729 +£0.038 0.772 £0.029 0.800 +0.039

20 ~40

0.713 £0.026 0.723 £0.029 0.705 £0.026 0.741 £0.029 0.790 +0.037

-3.6 -3.9 -3.3 4.0 -1.3

2.1.3  KPFHABIETE =00 SR MR 1 e

DR AR, R FHBEH A R H 7 R 2 TR A Y BE AR (R 2) , Hm KRR g 22
WA > 2R BNE > PERER > FEARERE, e 22X | 2210 R B R L 2T
T R A 3 - T A R AL B A 0 B B W R P A K, A B IR, X T R B R AR /D o MR RITR
FEIRZE T3EMAE Y AR 6], A [F] AL B % O ~ 20em - 334 ) F @ .2 (P <0.01) KT Xf 20 ~
40cm Y2 o

F2 KMREHBZAAN T BBEMREHRD

Table 2 Microbe quantity in different methods of solarization in greenhouse soil

Kb PHET Treatment before Ab PSS Treatment after JGH BRI H £ % Decrease rate
Germ Fungus  Actinomyces Germ Fungus  Actinomyces Cerm Fungus Actinomyces
0~20 A 5.2a 8.5a 1.9a 7.9a 3.4a 6.8a 84.8a 96.0a 64.2a
B 4.9a 8.2a 2.1a 11.2b 9.9b 10.5b 77.1b 87.9b 50.0b
C 5.4a 7.9a 1.9a 18.2¢ 15.7¢ 14.2¢ 66.3c 80.1c 25.3¢
D 5.1a 8.5a 2.0a 22.5d 27.1d 17.5d 55.9d 68.1d 12.5d
CK 5.5a 7.8a 2.1a 52.3e 73.5e 20.7e 4.9 5.8e 1.4e
20 ~40 A 3.0 4.5a 1.3a 9.5a 8.7a 6.3a 68.3a 80.7a 51.5a
B 2.9a 5.1a 1.3a 11.6b 16.4a 8.1b 60.0b 67.8b 37.7b
3.2a 4.6a 1.4a 24.5¢ 29.5b 11.1c 23.4c 35.9¢ 20.7¢
2.9a 4.9a 1.6a 23.9d 35. 6bc 14.2d 17.6d 27.3d 11.3d
CK 3.1a 4.6a 1.5a 29.2e 43.2c 14.5e 5.8e 6.1e 3.3e

T MFEI FEEFE N 5% KFE LB EES; TR a.b.c show rise to 5% notable level of variance; the same below

2.2 KBHBEIH B 7 A0 2 B TR Gh 2k HU 32
RIEEERR A, KRBT 3 A [ AL B 75 SR 2 B TR G5 S B R 4y S e A %45 0, o L2289 X
K PHBETH BE AL B X 2 B TARGE R R U0 (4l RUE AR IR (32 3) o BEE T IRURBE TR, Hak A 7 Uk
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55, ZWRBEREAKHAEHERRA YR KIRE 0 ~50cm + 38 AR SELR 0 ; 227 KRB AL F AT 2K K 0 ~ 30em
IR ARGE L P B R AR B K FH BETH R BB ROR KR 0 ~ 10em T3 AMREEZ L .

®3 AMRETFRHBAXNBETRERERSE L HAHE

Table 3 Effects of the different method of Solarization on the cucumber root knot nematodes disease in different soil deep under greenhouse

AbPf Treatment

+IIRBE Soil deep(cm)

10 20 30 40 50

A bl egg 0 0 0 0 0
£ CK F#fI% Decrease rate of comparing CK(% ) 100 100 100 100 100
48 larva 0 0 0 0 0
# CK &A% Decrease rate of comparing CK(% ) 100 100 100 100 100
JE M imago 0 0 0 0 0
# CK &A% Decrease rate of comparing CK(% ) 100 100 100 100 100

B bl egg 0 0 0 3.8+0.1 9.2+0.3
# CK &A% Decrease rate of comparing CK(% ) 100 100 100 95.5 89.3
4138 larva 0 0 0 2.6 £0.1 8.7+0.3
# CK &A% Decrease rate of comparing CK(% ) 100 100 100 97.4 91.3
JIH imago 0 0 0 3.6+0.3 10.7 0.4
# CK &A% Decrease rate of comparing CK(% ) 100 100 100 96.3 89.1

C bl egg 0 9.8+0.4 49.2£2.2 68.3 £3.1 81.8 +3.8
# CK &A% Decrease rate of comparing CK(% ) 100 88.3 41.5 19.6 5.0
411t larva 0 11.6 £0.3 64.8 £3.5 85.1+4.2 92.8 4.6
£ CK F#fI% Decrease rate of comparing CK(% ) 100 88.1 33.5 13.6 5.9
JE M imago 0 12.3£0.3 69.7 £3.3 88.7 +4.1 93.1+4.6
£ CK F#fI% Decrease rate of comparing CK(% ) 100 87.3 28.5 10.2 5.1

D bl egg 0 47.1x1.6 75.9+£2.6 82.5+3.2 84.9 +3.1
£ CK F#fI% Decrease rate of comparing CK(% ) 100 43.9 17.1 2.8 1.4
411t larva 0 51.5+1.8 86.2+4.0 93.1 4.2 96.8 £4.3
# CK &A% Decrease rate of comparing CK(% ) 100 47.3 22.2 5.5 1.8
JE M imago 0 58.1+1.9 85.3+3.4 93.6 £3.9 95.2 4.0
# CK &A% Decrease rate of comparing CK(% ) 100 40.2 12.5 5.3 3.0

RHIRIEIAER (% ) , 4 BB RIEFTER (% )

Egg means egg hatch rates, larva and imago means survival rate

MR 2 B TR GE 4 A2 i B3R, LAZBYA 208 ROK B RETH 3 AL B R s M e I, ARG 265 3 4R ]
RIFR 2 B 1 46 B KT BB 43 BB AR 90. 9% (96. 7% 5 55 5 4R K bk 38 B 15 46 B0 43 ) 55 % BR B A
60. 6% \72.8% , ZE A ARB AL FRFFE AU, V- TR B R AL A5 A0 Fe L, AL P 55 3 47 P ) A0 o PR 3R B
TR TR B AT FRAL AR 22. 4% \33.4% o 57 S SF AR R KRB BIN IR B 2R . WL, 22X
K BH BETH 3 X AR GE 4 L K AR DR ASCR 38 00 T T 2K BH B 3, B R A BRASCR A TR AL B (R 4)

F4 KIREHBIHEHREHEENHRYE

Table 4 Effective duration of Solarization for the cucumber root knot nematodes

W PEEL Susceptible plant X} B %% Decrease rate of comparing CK( % )
Kb 3 Treatment
2a 3a 4a Sa 2a 3a 4a Sa
A 0 10 34 63 100a 90. 8a 78.8a 60.6a
B 7 23 58 99 92.8a 78.5b 63.8b 38.1b
C 31 37 88 147 68.4b 65.4c 45.0c 8.1¢
D 55 83 142 160 47.9¢ 22.4d 11.3d 0d
WitE %X Disease index X} BB 4% Decrease rate of comparing CK( % )
Kb 3 Treatment
2a 3a 4a Sa 2a 3a 4a Sa
A 0 2.3 11.2 24.8 100a 96.7a 87.6a 72.8a
B 0.1 9.5 40.1 47.6 99.7a 86.3b 55.6b 47.8b
C 8.3 19.5 59.8 79.2 79.1b 72.0c 33.8¢c 13.2¢
D 17.5 46.4 82.4 90.9 55.9¢ 33.4d 8.8d 3.2d
AL PR ARSI A 160 £ 160 plants were investigated in very treatment
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R X7 P2 T PR PR e, e i s ) 2 PAY Sl PR AR v R 5 A ], el LA B il i AR 5 4k S P 3K
FOIRBE RN IR 8] , R B X —BORBARCR MR K . ABTFE SRR, B IR i i 229 B R P
RETH R B , 76 v [ A0 753 DX Ao A 24 590 R LA B o AR 2 2 H S 4R 56 2 4R BINAZSCR A E 100% , 5% 3
FERIBCRVIRIE 96. 7% o ZBRIEIEE AR %4 RAME AT BAE PR FEH8OR B3 AU K S8
S BEREA RO ) B TAR G5 4 BUR I R A R T, SRS T A2 R 250 A SR S B I S Y5 3, DA T
RELHIRHIBIE SR ORBEIET T E . ZHEARAEEEREEIKEE 6 ~7 AMH#LT, i, EEL
T TRAOTZET, RRZ LRSI E, B& KRB B RS, AT I e AT

Z2 YK B BETH REAL B BIAOR FUB R | Bl St 18] ELB K i 2 B R 2 R I 22V 20K FH BB T R P
T K PHRETH B R T RO, AU BETR = HER 2 IR BE , A B 3R DRI IR BE . 229l 5B IR Ak 28
+ 3% 10.,20.30 .40 .50cm BEA B B R KK 59.1.57.7.56.6.48.9 .47.6°C , +3% 10cm FM IR 4B 1F 55.50,
A5CHFLEmIa] 735 7.5.8. 5h #1 16h, HARE B& & T HAFEAKHREHS, RGN AR EERT
P AOK PHBETH R, AT A ARG 3R )2 1 B BIMR A K B BOEIR L, T H 3 )= (40 ~ 50 em) HAE
BEIMRGL R BOLIRE .

TIREHE YRR RS E BN — o TR IR I RE K R AL VUL & Y TOHUBE , Do AE
YRR MBER BT . B —F &R, A MBIMBIEN ARSI RS RIE(E) 7, ENERTEEH
H R EE PR D RRE T, KA LR )RR s A RS T B SR R AL, 7 3P & BUKCOF BUBGR
S8 E—ERRRE BT IR R S BGREE  HEEERE AR K A A B AR, H S
513 C R, B T B US55 55 . 220K FH RETH BE A0 B X L SR DRI | EWE 16 | ik
PRAG AN A AL SRR TS VA 3 AR, X 38R (0 ~ 20em ) AR PR 20 K F X )R (20 ~40em) 2
Wiy o FLJRRA - —J7 T iR B R SRR AT v IR B R R LM B TS TR AR . A — T, =R
51 T A BRI, AT () e me T LSRRG P . B8 =00 T RIS 45 OR, IR A A AR A
BIREE A TR AN SH R RARBUR o A 1R BTN S R 3 O B AR o Sk S MR RS
HSEN R BE SR BEEME™ o KRN RTINS T =R S 15800 RE W e i e
—H 5.

TIRBEY > A s A AR AR, BT R AR TR R R R A S R G e BR A AL R A
HBCE B9 70 A A UBURR 9 SR 1 SR S o B A A, T EL R 3 mp A T 1R A BRI, SR A B S M Y
FebRz — 45 A AT “ R 287 WURABTR A “ VR RS T A 3R A i e R . 22 ROK P B
e oGRS e v 2 O N EMI N TS 37 GX7b A TRNCIDO RN f a8 2 LE SN ¢ 1l
96.0% , 4 BIRZ , W UL B BB R i foe/ s, HAUR AR 53. 9% o AR R 20 45 B , EC B A48 7+ ) B0
TRAEY 22 D075 A B, A A T 20 N TR A TR T A 0 e 1L R Ot A LU A58 . S B0 B AR AR W = P iR
i, FEIRLEE 5 T 31C AN BB AR K, AT B B BRI AT B i 2 0 e i B SR A1 HR B, T s IR AR 2 A )
EH AT PR . AWIT & P22 =K B AE T R AL 3R %R 2 3 TR R B e 35 B A
YRR, HOR R IREAR 95% LA b BAAKIHAEN RS LRBUEY B EN B, B3R AF ARBEREIEM,
T3 1o 5 Tt A WL | P 7 S /K S R A B B T DR A P R R R R B
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