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Effects of Disinfection, Accompanying Cultivation and
Microbial Agent on the Properties of Continuous
Cropping Substrate and Growth of Cucumbers

DONG Yu', GUO Shirong', LI Xiangyu®, WANG Jian', WANG Yu', SHU Sheng'”
(1 College of Horticulture, Nanjing Agricultural University, Nanjing 210095, China; 2 Jiangsu Pufa Ecological Agriculture Co. ,
Ltd. , Suqian, Jiangsu 223600, China)

Abstract: Taking the continuous cropping substrate for two consecutive times as the object, we conducted
the pot experiment to set up the solar disinfection, hot water disinfection, carbendazim disinfection, garlic
associated cultivation, microbial agent and new substrate as control. After cucumber planting, we ana-
lyzed the changes of the physical and chemical properties, nutrient content, phenolic substance content,
related enzyme activities of the substrate, as well as the changes of the growth and development, photo-
synthesis and fruit yield of cucumber in the fruiting period, to explore the mechanism of the effects of dif-
ferent treatments on the growth and development of cucumber in continuous cropping substrate cultiva-

tion, and to provide new ideas and methods for the reuse of waste substrate in production. The results
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showed that both solar disinfection and hot water disinfection treatments significantly increased the pH of
the continuous cropping substrate and decreased the electrical conductivity value after cucumber cultivation
in the continuous cropping substrate. The electrical conductivity value, available nitrogen, available phos-
phorus, available potassium, and total phenol content of the substrate treated with microbial bacteria
were significantly lower than those of the continuous cropping substrate, while the substrate phosphatase
and catalase activities were significantly higher than those of the continuous cropping substrate. In addi-
tion, hot water disinfection significantly reduced the total phenolic content and composite phenolic content
of the continuous cropping substrate. When cucumber grew to fruiting stage, solar disinfection, hot water
disinfection, carbendazim disinfection, garlic associated cultivation and application of microbial bacteria
significantly enhanced the root activity and plant height of cucumber. The most significant increase in yield
was observed in hot water disinfection and the application of microbial bacteria, which increased by 16.
56 % and 18. 40% compared to continuous cropping substrate cultivation, respectively. It could be seen
that both hot water disinfection treatment and application of microbial bacteria in continuous cropping sub-

strate could reduce the accumulation of substrate salt, reduce total phenolic content, and significantly im-

prove the root vitality and photosynthesis of cucumber, thereby increasing cucumber yield.

Key words: continuous cropping substrate; accompanying cultivation; disinfection; microorganisms;

yield; enzyme activity; phenolic acids
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PR BRSO — 3. A R R AR A 4
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AN, T NEE T (30 d) I 5E Hi bk L 25001
2k R A 5 (SPAD) (b 3+ (8F) 5 1T 3
T () B AR R A A RS .
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Experimental treatment

Ab PR Treatment I 1T Test set

#1F Note

CK FrHF New substrate KA 3 19387 2L B Unused new substrate
T, #EAERL T Continuous cropping substrate
T, S A1 3 I A B 31 7 Solar disinfection A 3L T3 A S S 28
G LB B A0

T, A HE K T B Hot water disinfection 5 Y R 3 3 R

Continuous cropping substrate is the
T, BEAER T 2 5 R 4 Carbendazim disinfection cultivation substrate after planting

two successive crops (the first crop
T, AR I TR 3 PE A Garlic concomitant cultivation of tomato. the second crop of cucumber)
T; 26 A 5 I it A B3 A= ) i 77) Application of microbial bacteria
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1.3.2 ERFNHEE FETHBCA S Y
R S R B B O T E L BT
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R R 75 Mg 2 A iR
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AR B e TR PESE SR U/g FoR .
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T T A I 2 MR PR R O vk
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R(T ) FEE B 6 G 40 o6 3% 452 1 78 800 pmol/
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~70%.
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B[] — 1 o7 Ay SR S, 0 R R S . SR S AT
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The physico-chemical properties of continuous cropping substrates treated by disinfection,

accompanying cultivation and microbial agent after planting cucumber

pGEz) 12 Bl J3E S A LB BE
Treatment Power of hydrogen (pH) Electrical conductivity/(mS/cm) Bulk density/(g/cm®) Total porosity/ %

CK 6.45+0. 11bc 1.2140.01d 0.26+0.01a 63.76+5. 44a
T, 6.17+0.42c 1.9840.03a 0.24=%0.00ab 71.64=+4. 25a
T, 6.62+0.31ab 1.3240.02cd 0.21£0.01c 65.12+4.76a
T, 6.87+0.27a 1.4440. 04c 0.20+0.01c 69. 83+3.63a
T, 6.41+0. 15bc 1.68+0.05b 0.22-0.00bc 62.93+6. 82a
T, 6.3040. 18bc 0.974+0. 03¢ 0.22%+0.01bc 73.17+3.22a
T; 6.07+0. 23c 1.4840. 05¢ 0.25+0.02a 64.54=+4.99a

e WA R NG F 8 s R A B Z [ 78 0. 05 K FAERFE2ZF (P < 0.05, FH.,
Note: Different normal letters within same column indicate significant difference among different treatments at 0. 05 level (P <C 0. 05).

The same as below.

x3 HEHEMREYEALEZEERFSISEEMERLNENTK
Table 3 The nutrient contents of continuous cropping substrates treated by disinfection,

accompanying cultivation and microbial agent after planting cucumber

o 20 24 AR A A # i "3
Treatment TOI/EL] P/ Total K/ Available N/ Available P/ Avallal/)lc K/ Ca/ Fc// Mr}/
(g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
CK 3.934+0.31b 6.7940.76b 251.1945. 68b 332.04=+16.67b 753.40+19. 89b 80.97+6.67c 18.91+1.65b  3.5740.78b
) 4,854+0.46a 10.14+0.59%a 250.75+11.52b 335.08=+13.33b 897.37+18.67a 110.13+9.69b 46.46+5.43a 4,704+0.97ab
1 4,924+0.44a 10.00+0.82a 287.64+14.75a 401.76+18.84a 1 009.54+28.78a 135.07+8. 54a 43.64+6.82a 4,65+0. 56ab
I 4,694+0.25a 10.26+0.53a 227.85413.22b 299.784+17.65¢ 721.74+21.48b 130.81+£6.21a 44,16+7.91a 4,67+0.62ab
T, 5.144+0.39a 10.15+0.61a 186.7248. 63c¢ 249.06=+8.79d 661.42+£23.39bc  114.32410.01b  47.39£9.8%9a  5.12+0.31a
T, 4.84+0. 35a 9.6440.98a 160. 37+7.59d 220.57£7.99% 579.84£32.89¢c 113.96+7.75b 46.85+4.22a 5.13+0.63a
T; 4,814+0.21a 10.01+0.45a 197.7349. 66¢ 266.50+11.23d  718.36+£27.61b  102.92+5. 48b 43.92+8.79a  4.36+0.73b
2.2 HEMHEMHEYENEEERMENEE PEFIBR T T, Ak B A B B AR 05 1 2 A [ 72 8 F

[ Bl & M B 2 P
S0 BRI AL, 2% Ak B R 5T Y i AL

I, T 5 Ak LAY R Al R 22 19 S A O 1 LSBT
T, AL BEAN B4 EWE B P48 SR R ETHESAE D,
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The different normal letters within same stage indicate

significant difference among treatments at 0. 05
level (P<C0.05). The same as below.
Fig.1 The enzyme activities of continuous
cropping substrates treated by disinfection,
accompanying cultivation and microbial agent

before and after planting cucumbers
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CK 0 25, 76 500 B R i 0 P I, 3 ) Fh
FEFTEY T, AP CK B EFEAL, S T, ML, T, &
HRETRE,T,~T, BEERST 26.49%~46.36%,
IS5 CK AHI; Fl 5 T, Zb P CK FEfK. 5 T, M
o, Ty F T, Ab3E 4350 G 3 B AR 18. 3920 F0 35.51%,
T, F1 T, 5B EHE T 25.93% M1 29.55% , fEH
O T TG Oy TR R AT Y T, e CK B 35 f%
.5 T, ML, T, fl T, Zb# g 545, T, M T, &b
T4 2 A BRANAE S T, 51 CK B 3 K, T, ~
T, AbBEIEE T, BEAR. HLBR T, AbFRAMY A &35 K F,
T, ~T, FEIELE 45.25% ~95. 06 % Z ] ; CK ) HE B
it T35 PR AE PP R A S — B . e A TG L
B TRRE FI 19 45 40 R 1 CK g 35 B AR (H T, ~ T,
PRI T, 3 B B IR AE 25. 9376 ~89. 916 Z
8] s B NAAE S . T, b CK B E 428, iR A B 1
CK REMRML. M T, ~T, X¥H T, BEFMK. FE
FE22.73% ~59. 106 Z ], T, b T, W EH# & T
110. 60 %0 ; 45 4 3 K of RERR AR 5 1) 2ok 40 Ak S i 0 P 1
AN TR R AR T AR AT .

55 A B TR R TS 45 Ak BEAY 22 ) S 1k Al S T
¥R EMRT CK; 5 T, 2B, A A RIS T, ~ T,
b PRI TR A B 4 e HLK 22 3k B 2 K Rl S
() T, AbHf G 3R T 23, 51 %0 . 1 Ay b BN g 2
AR T 27.63% ~65.49%.
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WM 43 51 A 16. 37 %6.19. 27% . 9. 87 % 1 21. 15% . {H
FA AT R B E T CK, e E &85
TS CK AL ZEF AR, T, LB KE B
SE T, BERE 90.99% HALHY L T, AFH
FERERFAR. T, A1 T, Ab B3k 5 357K, B 43 510 0
33.28 % M1 54.89% , [AlF, T, T, Al T, Ab¥Hfkx;#2 I
R SR T, T T, AFERZE PR S E L T, 42
o AR BRI G T, R H TS AT, A B TR R
JE R TR B i KL T, A0 36 36 2 R IR R S R % o
R M 4> A2 78. 54 %6 F1 86. 21 %0, T, b ) 14 1% 43 51
iKF] 23.76 %0 37.93% . AN 5 T, tHEL, &AL HL



7 T F T R A LR W TR A R B B % B AR KR YR 1141

R FI B IR 5 AN R R R R (AT, AT
Ak S i 0 ) A 2 KT T Y A I R 0 3 PRI

T 31,14 %1 56. 29 %4 , A FLE & 0 BIREAIL T 30. 30%
H1 54.55% AL PR 22 AN B3,
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Table 4 The phenols content of continuous cropping substrates treated by disinfection,

accompanying cultivation and microbial agent after planting cucumber

S A KB SR WEERH RS R B A K] 288 P2 £ 1t ENES
Ab Total phenolic JFeE AR Water-soluble P-hydroxy JREE R Ferulic acid Benzoic
T Complex phenolic . X ? Vanillin content .
reatment content ontent/(ug/ @) phenolic content benzoic acid /(g k) content acid content
/(pg/g) con /irglg /(pg/g) content/(pg/kg) FRp8IKE /(pg/kg) /(ug/kg)
CK 103.99+7.91d 25.74+4.43bc 10.4240.92cd 2.33740. 04c 3.26740.05cd 0.7140.01b 0.22740.01lcd
T, 158.02+11.13a 30.12+3. 33a 13.1040.87b 3.1240.11b 5.1740.12a 0.9940.02a 0.2940.00bc
T, 144, 83413, 54ab 28.82+2.78ab 8.7440.99d 2.4740. 08¢ 3.56+0.08bc 0.69+0.02b 0.20+0.00d
T, 132.16+14.67hc 23.75+3. 74c 11.87=+1.01bc 3.5140.08ab 4.64740.09ab 0.84=40.03ab 0.2240.00cd
T, 144. 93413, 33ab 26.58+2, 25abc 25.024+1.79a 3.4140.09ab 4.95+0. 40a 0.90+£0.01a 0.3540.01ab
T, 127.58+15. 56¢ 27.54+2. 14ab 5.9140. 28e 0.6740.02d 2.26=+0.06d 0.45%+0.00c 0.04740. 00e
T 142.42+14.56b 28.91+1.99ab 11.1940. 83bc 3.8640.07a 4.59+0.09ab 0.82+0.01lab 0.4040.01a
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Fig. 2 The root activity and SPAD of cucumber at
fruiting stage under continuous cropping cultivation
substrates treated by disinfection, accompanying

cultivation and microbial agent
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26.53% 1 14.19% ~35.02% ., H T, kb B bk LA K&
T, T, T, A3y M I & 8 2 4250 A0 CK ZKF 5 b
FTEET MT, 0B FEEST T, AEL4HY
CK¥ILRZEZES M NEERE T M T, LTI



1142

(LA <7/ B

43 %

T, 4390 i 425 12. 00% F 21. 79 % , {H 4% 4b BH 14
He CK & PG e F T EAE T, BRI T, &

FREE T 27,500, Jf 4L CK KF.H T, ~T, %
b PR ) A RS

LRl . a b 03y
a = a a
abc abc
=20} [F] o be ] ab I
» c 502_ ab ab
« 15F ¢ ’ be
~ & - ¢
ars SE
s 10t 5 ol
: BRI
— 5 - |+|
0 - - 0 L
Lck T, T, T, T. T, T. LK T, T, T, T. T, T,
3001 a a 6.0
ab - ab ri 2
be — ab b
— c = 4.5 b al ab
Z200t . b
- £ d ‘g
U QS’ 3.0F
= °
3100 g I
~ E15F "’"
0 0 L

Kb 3 Treatment

¢cK T, T, T, T, T, T,

¢cK T, T, T, T, T, T,
Kb 3 Treatment

&3 TR R AR R GOAE W T A P VR LT b R B A R DL A S B AR 4
Fig. 3 The photosynthetic parameters of cucumber at fruiting stage under continuous cropping cultivation

substrates treated by disinfection, accompanying cultivation and microbial agent
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Table 5 The growth indices of cucumber at fruiting stage under continuous cropping cultivation substrates

treated by disinfection, accompanying cultivation and microbial agent

b5 Hﬁ%} . é*ﬂ ‘ﬂi" - fif i’fﬂ (S <1 bR fif 5 R T E
Treatment Plant height Stem diameter Shogt fresh bhgot dry Roqt fresh Ropt dry
/cm /mm weight/g weight/g weight/g weight/g
CK 165. 73+6. 34a 6.54+0.92a 120.1048.79a 8.26+0.74a 15.51+1.08a 1.0940. 10a
T, 121.63+5.67d 6.43+0. 56a 88.7345.67d 6.30+0.27b 10. 42+0. 99d 0.80+0. 15¢
T, 153.87=+6.67b 6.81+0. 62a 119.8047. 69a 7.57%+0.42ab 11.67+0. 84c 0.84740. 18bc
T, 160. 13+4. 78ab 6.82+0.99a 112.88+6.33b 7.81+0. 63ab 10. 66+0. 67d 0.844+0. 17bc
T, 130. 03£5. 54c¢ 6.92+0.76a 101. 3244, 56¢ 7.2140.52ab 10. 73+ 1. 44d 0. 860. 26bc
T, 132.63+4. 98¢ 7.00+0. 90a 117.774+5.54a 7.69+0. 34a 10.56+1. 23d 0.837+0. 11bc
Ts 153.90+7.78b 6.56+0.88a 116.78+9. 11ab 8.0940.41a 12.69+1.02b 1.0240. 38ab
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AhFEE T, A TG 3 AR AL (H A AL B L CK B 3%
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EWHFE A ARG T T, AR R E

FEfG, H T, T, f1 T, 20 5l 2 TR T 32.86%.
18. 57 % Ml 15. 71 % H 45 4b #L 4 AN R 72 B 15 T CK,
ST T, A P SRS 0T e A g 2 3R Ak T
(CKOFk S 52,
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Table 6 The fruit quality of cucumber under continuous cropping cultivation substrates treated
by disinfection, accompanying cultivation and microbial agent
b 3 ]V A A EE Y AR EE A AT 7 R frrE# C
Treatment Soluble sugar/ % Soluble solid/ % Soluble protein/(mg/g) Titratable acid/ % Vitamin C/(pg/g)
CK 1.0840.01a 3.79+£0. 31a 1.124£0. 06ab 0.40+0.01d 22.45+0.99a
T, 0. 86+0. 04a 3.22-0.22d 1.1240. 02ab 0.70=£0.01a 18.49+1. 35a
T, 1.34+0.05a 3.40+0. 36¢ 1.0840.02b 0.61+0.00ab 20.1441. 54a
T, 1.1140.02a 3.63£0.32b 1.1240. 04ab 0.47240.01cd 21.7341.67a
T, 0.90=£0. 00a 3.49-£0. 28¢ 1.1240. 05ab 0. 6420, 00ab 19.90+1. 83a
T, 1.02=£0.03a 3.20%0.49d 1.0940.03b 0.57=0. 00bc 21.57£2.11a
T; 1.0940.01a 3.42£0.42¢ 1.1540.01a 0.59=£0.01b 20.92+1.48a
1201
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Fig. 4 The yield of cucumber fruit under continuous

cropping cultivation substrates treated by disinfection,

accompanying cultivation and microbial agent
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