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Study on the application of ozone water in greenhouse
soil disinfection

ZHANG Han', ZHENG Liang'?, HUANG Zhuo', SONG Weitang'?"

(1. College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China;
2. Key Laboratory of Agricultural Engineering in Structure and Environment of Ministry of Agriculture and Rural Affairs, Beijing 100083, China)

Abstract In view of the problems of environmental pollution and crop damage of traditional soil disinfection methods,
the feasibility of using ozone water in greenhouse soil disinfection was studied. The effects of ozone water mass
concentration (p(O3)) and irrigation cycle on the removal rates of bacteria, fungi, Actinomycetes and nematodes in
greenhouse soil (0 — 30 cm in thickness) were investigated with lime nitrogen as control. The results showed that:
1) Soil disinfection with ozone water reached a depth of 15 to 20 cm, which covered the rhizosphere of common
greenhouse horticultural crops and is expected to reduce rhizosphere disease infection; 2) The reduction rate of
microorganisms in the soil (0 —30 cm) treated with p(O;) =5 mg/L for three times was higher than that in the soil
treated with p(O;) =20 mg/L for once; 3) The optimum effect of soil microorganism reduction achieved by irrigating
ozone water p(O;) = 10 — 15 mg/L 3 times with intervals of 7 days, and covering with PE agricultural mulch. The
reduction rates of soil bacteria, fungi, actinomycetes and nematodes under this method were 44.6% , 53.5% , 46. 1%

and 48.6% , respectively. The reduction rates of soil bacteria, fungi and Actinomycetes under this irrigation method
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were all higher than those under the control group except for the nematodes, which was slightly lower than that under

the control group; 4) The proportion of nitrobacteria. nitrite, bacillus and streptomyces in the original soil was 5.3% .

which increased to 7.4% after ozone water treatment, and the proportion of beneficial microorganisms in the soil was

slightly increased. In conclusion, the application of ozone water in greenhouse soil disinfection can achieve a good

subtractive effect of soil microorganisms and nematodes, without producing harmful by-products compared with

traditional chemical disinfectants. Therefor, the ozone water can be used to control soil-borne diseases in greenhouses.

Keywords greenhouse soil disinfection; ozone water; soil borne pathogen; the disinfection rate; suitable irrigation
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The different lowercase letters stand for significant difference between treatments. n. s stands for

no significant difference, Fig. 2 is the same.
1 AEREREREKIIRE(0~5 cm)FIRE (15~20 cm) TR ME (a) HE (b) L E () B9 R R

Fig. 1 Subtractive effects of ozone water with different mass concentrations on bacteria (a) ,

fungi (b) and Actinomycetes (¢) in topsoil (0—5 cm) and deep soil (15—20 cm)
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Fig. 2 The number of microorganisms in the soil with 3 treatments at

low concentration and 1 treatment at high concentration
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Table 1 Removal effect of soil bacteria by different concentration of ozone water irrigation intervals

okl

Experimental group

p(03)/(mg/L)

IR %/ % Rate of bacterial decay

% 30 K Day 30 % 60 K Day 60

1 22.92+1.23 22.61+£0.94
0 22.3240.36 ¢ 26.78+1.85 ¢
5] 43.75+1.97 b 41.0740. 14 be
I 10 42.85+1.51b 36.60+1.25 be
15 56.25+2.57 ab 50.89+2.51 ab
20 65.17+1.89 a 55.35+£1.72 a
0 25.8940.85 d 21.1340.22 ¢
5] 43.75+2.97 ¢ 38.39+1.30 b
I 10 61.60+3.85b 44,.64+0.93 ab
15 72.14+2.92 a 56.25+3.57 a
20 67.85+3.09 ab 57.14+1.57 a
0 30.3540.67 ¢ 28.19+1.85d
5] 42.85+1.36 b 41.96+0.21 ¢
I\ 10 50.00+1.72 a 43.75+1.21 be
15 52.38+1.85 a 49.10+2.89 ab
20 53.27+4.23 a 52.67+3.09 a

TE: T XM s 1T VI IV oAb B o ARG 7 327 [R] AL B P Y 45 X 0] 7 76 B8 35 22 57 P<<0. 05, % 2.3,

4 A,

Note: Zone [ is the lime nitrogen control group. Zones [[, [l and [V are treatment groups. Different

lowercase letters indicate significant differences between intervals within the same treatment group,

P<C0.05. Table 2.3.4 are the same.
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Table 2 Removal effect of soil fungi by different concentration of ozone water irrigation intervals

6 H B HE %/ % Rate of fungi decay
] 0€0;)/(mg/L)
Experimental group %5 30 K Day 30 %5 60 X Day 60
1 63.6345. 24 52.5243.62
0 24.2440.24 b 27.1740.62 b
5 44.44+1.62 a 34.34+1.62 ab
1 10 44.444+0.62 a 42.4241.01 a
15 53.53+2.62 a 47.4740.62 a
20 61.613.30 a 43.4342.62 a
0 34.3440.62 ¢ 33.3340.24 b
5 60.60+1.24 b 47.47+1.62 a
1 10 61.61+0.30 b 51.5143.24 a
15 72.4242.04 a 54.5442.01 a
20 73.6340.73 a 57.57+1.24 a
0 41.41+41.74 ¢ 38.36=+0.24 ¢
5 49,4970, 62 be 46,461, 30 be
I\ 10 60.6043.09 ab 53.5340.49 ab
15 57.57+1.24 ab 55.55+1.30 ab
20 61.61+4.30 a 60.60+3.01 a

®3 ARERERER S /KSEHER 6 R8RSR ERRR

Table 3 Removal effect of soil actinomycetes by different concentration of ozone water irrigation intervals

TR0 2 T I %/ % Rate of actinomycetes decay
) 0€0;)/(mg/L)
Experimental group 55 30 & Day 30 i 60 & Day 60
I 50.3442.38 43.3040.15
0 31.9740.24 ¢ 27.89+1.13 ¢
5 43.46+1.84 b 42.24+0.85 b
I 10 49.38+1.34 b 52.24=+1.16 ab
15 60.4040.69 a 53.06+0.57 ab
20 66.3143.95 a 61.40+4.33 a
0 32.65+0.35 ¢ 29.48+0.39 ¢
) 45.51+2.09 b 39.57+2.35 ¢
I 10 51.224+1.80 b 42.65+1.06 be
15 66.3241.58 a 51.42+1.42 ab
20 70.40+3.34 a 59.7340.87 a
0 36.7340.67 d 31.97+1.11 ¢
5 43.46+1.54 ¢ 42.65+1.83 b
I\ 10 47.89+3.09 be 46.12+2.57 b
15 51.024+1.94 b 47.55+1.42 b

20 56.93+£3.73 a 54.42+3.34 a
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10,15.20 mg/L ) 3 MR L EH M E X R AL
LMW 0(0:)=15.20 mg/L Y 2 A>3 6l % 2%
FAREE NHAN p(O,)=5.10.15 mg/L Y 3 7~IX
IO TR T D80 22 O B T IR AR T p(O;) =
20 mg/L X,

22 BRI p(0) =10~15 mg/L & R4 K
Vol I A I T T R R, R EOK R T
XHIH R P TR, 55 60 KL, I VAW
pCO;) =10 mg/L X 2 & 14 W3 530 S 52. 24 %%
42.65% 0 46. 12% . I M. VA ZH AW & 1.
. IVEN p(O;) =15 mg/L X 02k T I U 28 43 i)
5 53.06% .51, 42% F1 47.55% ., 11 LI 2% F K i
Fo MBI R 3~7 d PEHE 1 K p(O;) =10~
15 mg/L () 5L 5 7K AT DL BUAS 5 4 1 0 2k BT Uk

AN TR) I e 3 R 4R /K g THE ) B X 48 P £ iy
THBBCR IR 4,

DeTiE BLAEUK A 30 K, %t B ALY 4R e 3 0ROy
85.58% . i E m TAMFRA R mAR. .. VA
KRN p(0;)=10,15.20 mg/L ) 3 4~ X Z 8]
LMHWEERARE

DeTiE BLAEUK A 60 K, %t B ALY £ e 3 0ROy
TT.ATY W m TR AL AR, .. VA
KRN p(0,)=5.10.15.20 mg/L ) 3 4~ X Z [a]
M2 5 A,

ZiREW . p(0O;) =10 mg/L & R A KW -
2k B 3 E BT vk B RAEUK VR I T i R 4 T
WORE AR AR FH, B 60 R, I M. VAN
p(0;) =10 mg/L X £& Ht 3 3 % 43 5l Ky 56. 75% .
44.14%, 48.64% . I I N R AR FE. Hit,
FEIIREG & F T . FH p(Oy) =10 mg/L () 5 4 K Ja]
B7~10 d P 1 O RACR T 47 B i TALPEZ
28 T DR AR T BB A T 5L AUK BE A R
il £ HOAH 5C 1) s F ATh 5 i — 2D ST

R4 TRREBRERFKEERNBEERYLERLRNERHR

Table 4 Removal effect of soil nematodes by different concentration of ozone water irrigation intervals

il 2 R %/ % Rate of nematodes decay
_ p(0,)/(mg/L)
Experimental group 5 30 & Day 30 55 60 K Day 60
1 85.58+2.12 77.47+1.14
0 47.7440.24 ¢ 50.45+1.12 a
5 56.75+1.15 be 54,95+0.80 a
Il 10 63.96+2.62 ab 56.754+1.70 a
15 62.16+1.68 ab 54.054+2.10 a
20 68.46+0.12 a 58.55+1.80 a
0 29.72+1.40 b 27.024+0.70 b
5 31.53+0.12 b 37.83+1.10 ab
il 10 43.244+2.10 a 44.14+2.80 a
15 47.74+2.12 a 49.54+0.24 a
20 51.35+0.15 a 45.94+2.15 a
0 24.324+0.15 ¢ 31.534+0.80 b
5 36.93+1.12 b 43.24+1.15 ab
I\ 10 52.25+0.82 a 48.64+2.68 a
15 54.05+2.70 a 53.154+1.80 a
20 57.65+1.62 a 50.5444.28 a
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2.4 REKESHEBEELEMEYEENZM
ZAREPESR B T 45 R R FE AR Coverage 5 %X
BITE 9990 L I (36 5) , B DU P 45 S BE % AR 4 1 4R
TR FLIAEH . R P BN Species P Fh 43 2K
ST 1 O8I A B R A R A ) R 4 Ak B

2 - e I B 40 B A Fh o350 O 812,814,815 4>, Sobs
FE B N T B Y S BRI A . Shannon 45 %% sz ik
ek Z e ACE S8 8UH TS ITFEA R B 5
B AT DS GG A 38 0 R - S A A A SR A RV
ZRMEMBE FEEERAK,

&S5 Alpha ZHIEIEH
Table 5 Alpha diversity index

Eig]|

Sobs Shannon ACE Coverage/ %
Group
JR iR 812 5.524 8 863.533 2 99. 70
Original
xf #R 814 5.625 8 841.085 1 99. 84
Control
Ab 2 815 5.4951 864.261 1 99. 70
Treatment

TR R S A XA A A R A
JE U e X R 4 A SN A B A - SRR S A3 06 2 2R
SR (B 3D, e iy 0 98 0 IR 20 4 458 R0 Ak 2 20 - 8 40
EP S AR R 1. 2% .1, 6%0.2. 1% ; 0 fil§

llA)-. | /-12%

(a) R Af4H Original

0 HABAHF Other bacteria
10 HA R T Other Actinomycetes

22% 17%_ 4 6o, 2,19, 1-6%

1.7% ——— I 2.2% —— I

(b) X 182H. Control

HER R Streptomyces
0 ZEATFES Bacillus

TRANE R 1.2%.1. 7%, 1. 6% ; F I EIE 1. 1%,
2.2% 2. 1% B8 1.7%.2.2%.1. 6%, JEH+
e X HR A - SR AL B AL e S R 100 B3R
AT RS A R 5. 2% T TR 7.4 %,

6%
2 21%

16%\ ! I

() ALPHLH Treatment

W AR & Nitrosomonas
SR & Nitrobacter

3 FRARAMAEEATIEDRE B GG

Fig. 3 The proportion of different flora in original, control and treatment groups

3 WigEER

e G 1) - ey I 75 U7 YA TH T ROR A U
T ERZ . ABITER I T R UK X T 4 e
T A H 28R T o S A A W 10 3 D8RR = D T gk

15~20 cm B+ J= . 0] LU 55 7 i 85 A% DL i 3¢
VEP IR P 338 2 — i oA A0 - S 75 1 it
SO TR B T %) R &K A
JH 2 4 0 5 SEK ) 5 XfE B2 D7 T Y 25 L AT O R s
TR E R EOKE R B . TR A
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T AR EIRI p(0,) =5 mg/L [ 5LHEK 3 %
DEHEMARBACR B E ST 0(0,) =20 mg/L I RA
IKGEME 1 WM ZER. S C AR IS, /D
SR FAAIG M S 4RUK HE AT 22 Uk R VEE Ak 11, 08 W YR 01 3%
AT DA 2 AR 45 2R L Bl A ROR R A L S
B4 1 A% 05 B IR ROR Y . BT g e R
77 HR] SR AR e B R SRR A e E 1 vk BE AT L)
e AV A oMl B 9 /0 X AR N B3 R 0 1) 405 5 ST
DA S B b A T O .

TE M F A AF T AR 45 B R p(0)) =
20 mg/L B ek B B AR K e T T D AR 2 B A Y
B T IR FR 3 d eSS 60 K FL I JSR A1 FE 7 d be
HESE 60 R4 o iR e i AIK , AR 389 i T A v B Ak
L, (R R UK B T REREIR Y AR R LA
R ZR 20 23 (406 52 B T Mk LR BIE i vk 5L 50K 1 3
5, DT H 300 8 e o B 47K Ak B ) il 4 2 K IR
TR AR e R E K AR B4 BRIAI R 10 d 2%
BESS 30 KA 60 K HCL B TH WAR 0(0;) =
20 mg/L KBFE T p(0;) =15 mg/L X, H Al If
KD EE2ZES . R, 6 & R E R EK ke
TRHBEZ WA K& . LG HIE EH p(0) =
10~15 mg/L W5 EUK B HE R iE 7. TR A2
T2 W Xk 8 E EF [ ) Bl 19 B2 02 AN [) S DBy 7~ 10 d
DETE L T 8 B A 1 T U A0 B L LB R R R R )
B 3~7 d W& T Ik B B A 04 4R R T DR AR . T
Uk A [i) o 288 sk A 400 190 38 BT 0% R 1) B AR T 55 O T
A BB SR R R Kl 2 M oG, &5 B A
p(05) =10~15 mg/L By REK B 7 d B 11k,
TH B R BT R ] B AT RAUKIRE T +
BT 60 d AP AT PR AR Y A T TH BESSCR

AT TR G B AR KOG - 8 40 B R K AE DL
Xt B2 X M 40 TR 17 A% O HE A B A I R K CRAIR
SIHTIA R X 5 DeiE SRR pH A K. XA RESE
T T B S CE WX pHAL 0 55 R MK
AR TS 32 P B AL o PR okt P 3559 TR P 1) SR SR UK e v - 4
AT LA Bl A 9 %ok 555 i B 5 Tid 37 AR R B 4 SR A R
BRI A 7 TR AR E R dAOR Y L Ah 7 R
RN R AEUK A B AT SRR S 0 D 2 SR ARG
FEBERE SRR 100 LA b 1 25 A8 B R AT 0 B R L 3R
SER R R IR R AN A BN 5. 200 b FR Al
FIHEAME SRR 7. 4%, REKAEET T
A v i 1R T D RIS TR TR 2 R Ak 2 TR Y L 4R
HE I AAE i 4 3 b ZE AT B LG 1 4 =

TEM B

PG S FEAS BRI 1 25 PR T SR TR SRR E B T &
THE T RG AR A AT IR SRR I
FATY 5 1 LT3 T [ i o o A 2 ) LAY
o A B LR — 25 B E LSRR S BR BTG
P T O, 5 L B AR K AT L R TR i B 2R
Yy AR Bk £ L A6 0 R AT B 2 1 AT i AR )
F8 /DRI 24 ) A i A R R A At
AU R P2 T H e A g R . 3 4h, RAUK
1 8 R A R TR R 4R T RE 2 0 BRI 7 A S e L T
Je B2 SR S R R RAAE B AEOK R B A i
LA AR TR o D I o o R SR R AR
S0 DT 920 SR SRR IO N B IR 1) 45
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