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FEE PEREREN MRS AR ENEAR, MOT RIS REEEBIREM, T EX T EF WA S4EYBEAFEWE,
2005 — 2006 48, Xf L A48 FO6T B A E LT IR (50 o/m*) 7, A R B LAY M M Th RERF B
W, Z5RFH FEREREEMS T DEMAEYAYE C RAEYEYE N, 3O T RAESY(FER FEBE BER) L
HORGLBR R0 SHHLR FEFELR BEYERE R R) RIBENFE., EREANFHAEKIE, 5% R
W MAEYAYE CMEYAEYE N EENY A FEE KREFE WEFESHTHRET 45.9% 44.8% 9. 5% .93. 6%
89.5% ., BFESG, LIEEYIMINRREEE BHEE EYRERRKEM PR ESREMK, iR, PEREZEEWH T %
PRAY), BB Y M E R,

KR IEAEY) A SR THRERE

Methyl bromide fumigation suppressed the soil food web in tomato greenhouse

CHEN Yunfeng'*, CAO Zhiping"*
1 College of Resources and Environmental Science, China Agricultural University, Beijing 100193, China
2 Institute of Plans Protection and Soil Fertilizer, Hubei Academy of Agriculture Science, Wuhan 430064, China

Abstract; Soil fumigation with methyl bromide (MB) has been effectively used for decades to control soil borne pathogens.
However, because of ozone-depleting and negative effects on soil beneficial organism, its use has been limited. Recently,
several researches have been reported on the use of alternative technologies to replace MB. In this sense, we have studied
the impact of MB on functional groups and the community structure in the soil food web with objective to provide the theory
support for the selection of MB alternative technologies.

The experiments were conducted in a tomato greenhouse during 2005 — 2006 in Shouguang city, Shandong province,
China. 50g/m’> MB were injected at conventional polyethylene mulching films to fumigate the soil before the tomato
transplant and control received without MB. Microbial biomass C ( MBC), microbial biomass N ( MBN ), protozoa
(including three functional groups of flagellates, ciliates and amoeba), nematode ( including four functional groups of
bacterial-feeding nematodes, fungi-feeding nematodes, plant-parasite nematodes, omnivores-predators nematodes and the
second stage juvenile of root-knot nematodes) and mites (including four functional group of predatory, omnivorous, non-
cryptostigmatic, cryptostigmatic and nemaotophagous mites and the Larva and nymph mites) were compared at seven
sampling times. Also, the structure of the soil food web composed with the functional groups within the unfumigated and
fumigated soil was compared.

The results showed that MB fumigation suppressed significantly MBC, MBN, the abundance of functional groups of
flagellates, ciliates, amoebae, bacterial-feeding nematodes, fungi-feeding nematodes, plant-parasite nematodes, omnivores
nematodes, the second stage juvenile of root-knot nematodes, and the total abundance of protozoa, and mites. Compared to
the unfumigated soil, the MBC, MBN, total abundance of protozoa, nematode and mites decreased 45. 9% .44. 8% .
9.5% .93. 6% and 89. 5% during the whole tomato growth stage, respectively. After soil fumigation, the number of

EEWA : BE A AR S RET H (30970536) 5 Jbaihi 4 5% S 2B B I H (XK10019440)
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functional groups, connectance, maximum and mean food chain length of fumigated soil food web decreased as well.
It is concluded that MB fumigation decreased the abundance of each functional groups and the complexity of the soil
food web structure. The MB alternative technologies that don't affect and even promoted the soil beneficial organism were

suggested.

Key Words: soil organism; protozoa; nematode; mites; functional group
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BT R BETR AT B T B IG5 A& D RERE B2, O LA TE 5 bt 45 A B R R R SR AR -
1 HREFH*
1.1 56 R

R Hh S TE LU AR AR T I 3R R AR I 4 6 B B dth,, M b AR - RUR S 12.4°C, BERY & 608mm, TG
FEH 195d, EEHLAT, 2005 45 8 H 13 H I E R = RN : &K &, 11.26% ;pHyy, 7. 1; K,
2041.2 mS/em; HHUR & B 13. 6g/ke; 2 1.3 o/ke; AR AL 109. 3 me/ke; 45 50HE 222. 4 me/ke; 45040
435.0 mg/kg,
1.2 HU+

I IR FE( + MB) FIXFHR( - MB) ,3 (RER 3L 6 A~/hX, FEREMARN 50 ¢/m’, F/PDX
FEHBTEI AN 4.5 m x7.5m = 33.75m*, FhAl 114 #RF5H , Tk 5 Fh FA189 ( Lycopersicum esculentum Mill) , 45 6
ASEEABCT YAl T2 WUB A, IO ] B of (] A 22 5% ) , BURE R[] 2y 2005 429 H 25 H (11 A 6 H .12 H 18
H.2006 2 H7H3 H 14 H4H23H.6 46H, RA“Z"FTEE, B 1N/NKE1S 81, H5ER3
em, PREEH 200m , H3X 15 45 HIR- G SMER—A 14 787 B L3 2 ARAFAE 4°CUKAR , 4T TIRAEYIIE .
1.3 +HIEAYE
1.3.1 TEHAYEYE C RMEMEYEN

TIEMAEYEY R C RABEZRR-AESITENE, A AR N R FHEZRRR-E =0 LAl
£ SR 0. 5mol/L K, S0, R LA MR R A M+, BRI P A VBRI R A E SR AR
2, ARNERKSE =M Ak, MAEYEYE C=2.64 x (RZEFIE IR - BZERTHAELR) ,ME
YA N =5x (FRZEENA - BEIHA)
1.3.2 +HFEASY

35 A 3h R SR F 9 K B AR 3 (most probable number, MPN) 353 52 A= SL 16 o, i B 86 JE
10 72—10 ~* . ANIRE AL SR A 10 °—10 7%, ARYETEZS Koz shIRASAE 10 x 10 BT K R A shi % M i
SFERENREHR,
1.3.3 THELH®

L BB R A Ve - R R O A . R A B B T A AR RIS B K
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5 B BE R HL B ZE B € =2L/S(S - 1) L JSEPreb g, S MIhREREE " . BRURERINER KRS
% Moore %% Berg il Bengtsson'"” , ZEiH53 F2H , A E S X R R HEIEN
1.5 Siitardr

R LR BB ZR IS B U I & T BB 2 [B) 1 22 5 2R A ¢ R, i R SF IR MR G THIR 5 i B8 78 20 B Z
KRR BB In (2 + 1) 5 T4 , i 4 5 AN 18 RSP IRPEZE K , 2R Mann-Whitney 3E S5k

G o WUHZE 2T (BURE H 3 x Ab3R ) ELab BN A [RI R0 K i Z Bl AC BEAE . B Gt ¥R A
SPSS11.5 52h%,, .2 /KR F P <0.05,0.01 F10.001 =4 K,
2 #£R
2.1 HIEYIBERSS
2.1.1 HEMEVEYE C RIEAEMAYE N

7T KB AR E R C AR 55. 5—315. 0 mg/kg, TEEZE/NX, HkmELRES Al,H
153. 4 mg/kg, ZERFEFHR/DNX, HESE R IES A, J9315.0 mg/kg( B 1A) o WHEREF 200K, BURERT
HZEZRPE(P<0.001,%1) FEREZDERRKTAYE CEFR(P <0.001,%1), HESKBE
HEYRRE, 25 R R ,2.4.6 A, FREREZR/ DX AYRE C TREERMIK(E 1A),

THAEYIE Y N G 18.0—150. 0mg/ kg, FEFEFE/DNX, HE S EHHBAE9 H 4,24 150.0 mg/kg,
TEAREZE/DX, Higm EHIE3 A4y, 101.7 mg/kg (& 1B) o XUEER Ty 250 TR B, BURE I 8] 2 [H] 22 741
BEP<0.001,% 1), ARREXDEFMKTEYEN FE(P<0.001,% 1), HELSKEFEEYE NEH,
SERFH R 9 AN, ERE RIS, FRIREZR /P AEYE N SR EERIK(E 1B),

2.2.2 [EAFY

R A Sh W = B AR Y Oy 32—82251 /g T4, TEAREHR/NX, HERMEHINE3 A, N 82,251
g T o BHRDAXH,FASNYEEERIK, &S EA 556 4~/g T4, AL 6 Ay, WHERFZHTR
B, R R Z R ZRABE(P>0.05,% 1) HREREZED ERIK T RAEIWEEE (P <0.05,5%1),
PSS RO B B, G5 R R WL B 11 A4, R A& R BURE o, BRI B8/ N X R A 3 3 B 38 1B 2 A1
(E24),

JFAEBSY) = KEFRERED A G S8 93. 6% (FEZEAUREZ/NX 7 U Z A 36 1 5 S0
i) , R SERE, R B IRAR, 9 2. 9% o B THER AR & S B K, AR B 3 S B R IR
R RRAZ Y B FRE (R 1B 3A) , FERFEFRANEZAESREE(P < 0.001,5% 1), FERER
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Fig. 1 Impact of MB fumigation on the dynamics of (A) microbial biomass C and ( B) microbial biomass N
* P<0.05; % * P<0.01; % % * P<0.001,JC * RRERALRE

BEERETBHRFEP < 0.05,% 1) BIEREFR/PX P, B R FERE AR RIZL, K EHRE H
i, M7ERRZ/NX A, 27 B B R RS A 2%, SR fEH BU7E 3 A0 (81 3B) o 1A B EURE A i) 500 S Ak 2
B SEBHRAEM(E 3C)  FERBE/DNX P, R AN RIZL, S m (E H BUTE 4 A0y fEEZR/DNXH £
BRFFE PN, R EHBE2 Ah.

R1 TEMBEBIBTVNERFEIN
Table 1 Two-way factors analysis of variance (ANVOA) for soil functional groups

Kb B Treatment p
SREAML TCRE FL BAEH
i H Item MB MB Compare Sampli b3 x RhBf
+ to - MB/% Aping Treatment Sampling date x
date
Treatment
ﬁﬂi%ﬁi%ﬁ C a) b)
Microbial biomass C/( mg/kg ) 94.7 175.2 -45.9 % % % * % % * % %
MAEYAYE N
Microbial biomass N/ ( me/kg) 40.0 72.5 -44.8 EE * ok ok * % %
JFA: 54 Protozoa (~/g T L)
B Total abundance 1.9 x10* 2.1 x10° -9.5 NS * NS
i 6 1t Flagellate 1.6 x10* 1.9 x10° -15.8 NS #* NS
£ £ i Ciliate 1.0 x10° 7.2 x10* -86.1 * k% * % * % %
PR /2 18 Amoeba 2.8 x10° 5.7 x10* -50.9 * * *
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Kb FE Treatment P
HREHEMIL TCRE F HRE H
i H Item MB MB Compare Samoli by x JbpH
+ - to - MB/% Ampig Treatment Sampling date x
date
Treatment
£8 it Nematode/ ( £5/100g T 1)
Ji FEJF Total abundance 2.1 33.0 -93.6 NS P NS
B 41 A Bacterivores 1.1 3.7 -70.3 NS * % % NS
& E T Fungivores 0.0 0.2 -100.0 NS * NS
FE &% Plant parasites 0.7 3.6 -80.6 % % % s NS
Z&fr ¥ Omnivorous 0.2 3.2 -93.8 NS * NS
Zikg s )2 0.1 22.3 -99.6 NS * % % NS
i Mites/ (4~/100g 1))
Ji FEJF Total abundance 0.12 1.14 -89.5 NS * NS
& Predatory 0.00 0.03 -100.0 NS NS NS
N
AR 0.05 0.35 -85.7 NS NS NS
Omnivorous non-cryptostigmatic
JEBRA 1l Cryptostigmatic 0.01 0.00 ) NS NS NS
£k i Nemaotophagous 0.01 0.05 -80.0 NS NS NS
IS ANE 5 Larva and nymph 0.05 0.72 -93.1 NS NS NS
a) 7T BEEFIME; b) * P<0.05; % * P<0.01; % % = P<0.001 ,NSERFEABE; ¢) BURATH
o 6o, S 700 .
= P H 60.0 - P
Lo 5.0 - s4x A i : -7
<— % e SN ™ é‘) /A
< A N . S 500/ ,
W 401 A ~-x Amm = ’
= N ’ A > 4
= SN < 400} ¥
§ 30 AN E P
g x 2 300} o«
& 20 g "
] b5 20.0 |- A JRe
R O10f % 100] g
m 0 I L I 1 L 1 L 1 1 ] ﬁs\( 0 1 —A— A A—t L Lo ]
o © = a4 = & ¢ ¥ v ©° o o2 © —~ a4 = & ¢o T v o =
S 7T 7T T2 2 2T 2T <2 <2 9 S 7T 7T 7 2 <92 9 9 2 <9 <9
- - - - - P - - - - - )
S & 8 8 23S S S8 3 & 3 S & 8 8 2238 2SS S 3
S 2 3 3 2 &2 2 3 35 & 3 S 2 3 3 S 2 s s 5 & 3
& &8 &8 &8 &8 &8 &8 &8 & & & & &8 &8 &8 &8 &8 &8 &8 &8 & &
HURE H 3 Sampling date
30
€ a
H 25t i\ *
H Y A
éﬁ 2.0 III \\ // -—=- -MB
<\_ 1.5 ’/ \\\ / —— +MB
= / /
f§ Lo II * /1
2 [I L\ * 7’
B 05 4 T ea———a
g 2 = & 3 8 8 & 8 8 8
P - - -
=== R - S S S - - =]
S 2 2 S 2 S 2 S 2
N N N N N N N N N N N
HURE H 3 Sampling date

&2

FERER TH(A) FEzY(B) KR (C) HEFEITHHM

Fig. 2 Impact of MB fumigation on the dynamics of total abundance of ( A) protozoa (B) nematode (C) mites
* P<0.05; * * P<0.01; * % * P<0.001,JG * FRERABE

hitp : //www. ecologica. cn



24 5 Wrzmbg S5 F LIR30 2 L 2 e A g I B 0 6867

L5 ar
H 50 a 7
# . N . -HH— 30}
T4 & ST Y 25|
= . HE
W30 N w20
) “a &=
%g 20k RN @ 151
2 B0}
< 1.0 O
= O o5k
0 Il 1 Il 1 Il 1 Il Il Il ] 0 1 1 1 L L L J
R EEEEEEE I EEEEEEE
v Va) Va) v o o o o =l O O 2} e} v Va) =l =l =l =l O O O
(= [=3 [=3 (= [=3 [=3 [=3 [=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 [=3 (=3 (=3
S 8 § 8 & 8 8 8 8 8 | & &8 &8 §8 &8 8 &8 8 8 & 8§
Bt H ) Sampling date
~ 4.0
_H 35 C sekeok
.E{&n : ok /A/ \
£ 25 P NU* -+--MB
M5 2.0 ~ .
-@%' s P —— +MB
2 10
g 0V5
< VO Il Il Il Il Il 1 1 1 1
[=) f=1 — o — [a\} o < wv O o
f=} — — — (=1 (=) (=1 (=1 (= (=] (=]
- -
(= [=3 [=3 (= [=3 [=3 [=3 [=3 (=3 (=3 (=3
S [=3 [=3 (=3 f=3 f=3 f=3 f=3 (=3 (=3 (=3
(] N N (] N N N N (] (] (]
HURE H B Sampling date
B3 HEREFMW(A)BER (B)AER(C)AERFEINFHXIN
Fig. 3 Impact of MB fumigation on the dynamics of (A) flagellates, (B) ciliates and (C) amoeba
* P<0.05; % * P<0.01; % * * P<0.001,7G * FREFABE
2.2.3 %4

S UB F ARSI 0.6—63.8 5£/100g T+ fEAREZR/PNX, HigmEL B 6 A, N 63.8 &/
100g T4 BEF/NXF KR REFEEHBE A, 7 8.4 /1008 T4 WARTTZ0HT R, BOER E Z
AZRAREZEP > 0.05,%1) (AFRRBERBEFRTRELSL(P < 0.001,%1) . HESKIELF
B EERERM, 1L A 3 A6 A HEREZR/DRAREFEEERTREZRDX, HARJLRBEEH , B/
XL F BT AREZR/DX (E 2B)

TESLHH AU — SRR PR R AW T, R B/l R MR Dh BERE FT R A6 D A R PR RE A  FE AR
BRER I ISR (J2) I E— N hEERE” o KA R /DX 7 YORFEEE RN, TR & I e &
BRI ELB], AR B /MMR IR 9:J2(63.9% ) ERME L MR (13.2%) M REPEL HR (12.4%) R BPRL R
(9.6%) BHEBELH(0.5% ) o MHRSHEREY, PRERBEREDZFRR T ANEHAOBEGELD ,BRE
BEL S, R AN M2 HEZRARE (R D) . BAEESESE L, i T 12 205 S50 il
R, BB AR S 85 2 i SRR, B2 /N X AP 4% D B AR B 3l 1 2% i R BE 28 /N X W2 ) 20 (] 4A—D)
Ho B EEA R B THERD, BIERBEZRDNK P REI(E 1) SRR ERR L3525,

2.2.4 I

W BRI EN 0 — 2.8 4~/100g T4, e/, 12 A6 2 AWM EREN 0, 7ERE
/K KRR ESBE 1L Af, N 2.8 4/100g T +o MERTTZ 0P R, B A Z [ 2 57 4 B
(P>0.05,3%1) [HRRRBABEFMTHEEEP < 0.05, 58 1) HEFWPFEEFE, 45REKH, 12
A2 Atk 6 Af, FRBEEZ/ MR A S S FEHBEER(P < 0.05, & 2C) , R JLIKBUEH,
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Table 2 The number of functional groups, connectance and food chain length with the soil food web

YIRe#EEH i AWK B Food chain length
Number of functional groups Connectance ol Maximum SEH{E Mean
-MB 14 0.24 6 3.95
+MB 13 0.14 5 3.45
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o A
T R
ECEES
EL T ES
T
1]

[RaEZn

B 6 FREF/MNX(-MB)(A)MEFENMX(+MB)(B) LERUMLEHE
Fig. 6 The connectedness diagram of the soil food web in unfumigated soil ( - MB) (A) and fumigated soil( + MB) ( B) ,the dashed lines
indicate potential feeding relationships
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