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Controlling tomato root-knot nematode disease by incorporating winter wheat

straw to soil

CAO Zhiping™ , ZHOU Lexing, HAN Xuemei
College of Resources and Environmental Science, China Agricultural University, Betjing 100193, China

Abstract; In order to understand the controlling effect of winter wheat straw incorporated into soil on root- knot nematode
disease (RKN, Meloidogyne spp. ), an in-door pot experiment was conducted in greenhouse for six months, with three
treatments of different addition of wheat straw into the soil and tomato was taken as the experimental crop. The results
indicated that RKN could be suppressed by adding wheat straw into the soil, and the suppression rate of RKN in the three
treatments of 1N (straw 2. 08g/kg soil), 2N (straw 4. 16 g/kg soil) and 4N (straw 8. 32 g/kg soil) were 51. 4% ,
94.0% , 39.5% respectively. However, over dose of straw input would cause negative effect on tomato growth. The plant
height, stalk diameter and flowering rate significantly decreased at the straw addition of 8. 32 g/kg soil (4N), but
decreased much less at the straw addition of 1N (straw 2. 08g/kg soil) and 2N (straw 4. 16 g/kg soil). The results also
showed that the soil nematode community changed after the introduction of wheat straw carbon resources, with herbivores
nematodes decreasing and bacterivores, fungivores and omnivores-predator nematodes increasing in all treatments. In 1N,
2N and 4N treatments, the herbivores nematodes decreased 17.6% , 97.3% and 2.0% , respectively; and the bacterivores
nematodes increased 100. 5% , 189. 7% and 117. 8% , respectively. For these two dominant functional groups, the 2N
treatment caused the biggest change of soil nematode community structure. In 4N treatment, fungivores nematodes increased
350% , showing a remarkable increment direction; while omnivores-predator nematodes increased the most obviously in 1N
treatment, which was 66.7% . Considering tomato growth situation, suppression rate on RKN and changes of soil nematode

community structure, the controlling effect of addition winter wheat straw into soil on RKN was the best at the straw addition
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of 2N (straw 4. 16 g/kg soil ).
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HRGELR L ( Meloidogyne spp. ) J&—Fi N E = E 1) AL RIR, A e E R E MY AR g m
HAFEWE), FEE R, LT EMEDHZ B EL MR ED . A R BR R SH SRR,
FRE AR WA M3 O P E I E

MREELR W WIBHR T IEAR 2 , KBURT 43 3R 7 ik h2f 5 s VA W vk DA BORs X 6 5 B B A e SR 256 B
TR (BRI XEE E T R DR AN, ks & B RE R T R Bk 1 AR 4
LA HEA RELIRESREA FXAREL B MHEYIEE

TIEAY A LR AV Z T RS R R RE R E LR AR E. DIEEYMIEEEER
FARR B E R EIEMFEFRT B A AV 5mIE AT RS HERIEAEY 5 iRE
H R AR AR M R AR . BRSNS T LR Y h— e A AR
PR A [ R T ] S M SR T AR E R . (B EE BEA LIRSV RSN EREILEE
Xof R 5 4k H s (4 o v R LG

HARRE T WEEMHFA L ES, L EEE R ML AR SRR EERE Y 1IEEY RN
(9, 3 P 4o 12 b B IR WD AP AR FU B, B 1107 EARSE AR HURIR R IR E P AN
FRLk 4 5 2R sl BB 90% LU b, B EUB AR BRAS ] L ZE ARG e Mg R B, R B EBR R L
B SRS A Bl 2 P07 3k o 3 M 1 B )£ 00 ) X B A AR 45 8 SR 7 1N 9 T A 0 1 30 S 1 D M N
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AT DMBE « Q2R AE HIE P IS SR E AR M AR R, T RS REERER L HIEAY
HEE B, BE YN iR K ESROL, NTTEEEA LIRSV M50, IR & A2 Bg LI 4,
i LR Y M T 5108 , IR E I IR L R SRR A A ST

AR LR ZE F ARG L SR AR, ot L R W IR AR 254k B Ao VB L A 8 AR
FTRR, JIRECR PR BE R ¥ T AR R G W B RIATITIIRE, WM, LRI M R B ARl 2
Wt B RETIEATRG B BWIER, NSk ERREERIRAE L BB A
1 #RERZE
1.1 THERE ARG

9 R AR L T AU BT R X B3 FEAR TR M AR AR AL A 7 s Y el , i B st AP E Y A
T B TRFREEE, REL R EEE, BM-RIEF T, 2008 47 A, FEREL B RFE™EMH
HIRZEPIREHZE 0—20 cm WIMRPR LA, TAEE 5 mm R S8 RAEW R IASE 240G MRS B AR
RIGFT R 1o 1085 B—302 LA KT T B AL R A4, k2 L+ B2 R ek AL A ) - T
#3135 pH {H ) 6. 62, HHLE & & 16. 76g/kg, A 1. 9g/ke, BhF A 197. 81mg/kg, 2 2. 23g/kg, A Wk
49. 51mg/kg, BAAH 134. 76mg/ kg, 1312 . AP kL 68.34% ,¥yki 23.07% ,Kiki:8.59% .

1.2 #Z#ilmiit

FENARRI BRI EY AT, R R A B AR K2R 2 N 25°C IR, T i db AP o b 5 b X H
Hafh—2=aW—5.

INERERPIE)G , BEZIRE T . SEEILHIR AR B/NEFRSFTE AERE AR (7. 5vhm”) 2 35
HBSINEFREFR R AR N =2.08(g/kg 1) o IR ILIE 3 ALHE, 1 DXFHR

XFRR AT INFS AR IR B £

AEFE 1IN, ESHN 1 AERE AR IR %% £ (2. 08g/kg) ;
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ARFR2 2N, ISHN 2 AEREFT BRI A 1 (4. 16g/kg)

AbEE3 AN, BI04 RS AR % 1 (8. 32¢/kg) o

R L FEFTFEIMEST A DR 21em x 5 BE 26em RS W 2, 45 A0 BR LA KX B B F K £ 39 8 19 4
10kg # + R MEAEARHER SRR & HE MR Bl AR Ko B RFEE | Ak, B2 (R E X IR ) &
2AERE, B3 MARBMENEE (2 N 4AA6A), HF: 4x12x3 =144 & KA
B TP 25 CRE P, fRIE LSRR, F UK EEE

Tt 1AH () A2 A H (SR Ja , 2050 00 e Eopk g 2R AT e 3R Bt 2 1 H (A
H) ANHBH) M6 AA(CH)FAHIN AR (12 PRE ) HEATBIRERAE, W EAR R YRR,
LU REEEC o
1.3 R IRA S BRI

XIS 2 A4 A KRR T AR R R A . W IT iR AT AR S5 S Ui AR 6
AT T R BB SRR A . IR R 5 B P U5 0 MBS 00 IR £
s PIIR P S) KR s e BB IR AR S H AR ], K Lk R R4 R B SR 2R

£ SPSS11. 5 | /)N .35 22 57 (LSD ) I LU AR AL BR [B] & AR I 22 57 o A R ST IR HE R B BdE , 48
THZATBEAT X B AR FE . Bt R 5N R ST IR PR R B B8R , R A AE 24X Mann-Whitney 45 5 217 %9
PIELE
2 HZR55H
2.1 FIAFEFRRURG AR BRI

SR, IN A 2N AN B A A K B B B RN (R 1) o IN BRI BT A $64R , TGt W e
TR, X IREA BEEZE R . 2N AL BRAE I, R B R R R T AR, 2R /N T X B 4N
AL BRTCVE 2 W S S PRI , 249300 T AR AR AR K R R TR W, AR ZEMLRITAE R 3 A R AEAR I B
TFE.
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Table 1 Growth indices of tomatoes in different addition dose of straw

BRiE/em Z5H/mm TR/ (S BR)

i3l Plant height Stalk diameter Flowering rate/ ( flower/plant)

Treatments ] BRI i3] RS il BRI
Seedling period Adult period Seedling period Adult period Seedling period Adult period

i CK 23.1a 52.5a 3.4a 7.9 a 1.3 a 3.6a

1IN 22.6 a 51.7 a 3.5a 7.8 ab 1.5a 3.9a

2N 20.5b 51.6 a 3.3a 7.4b 0.9 ab 2.6 ab

4N 18.3 ¢ 39.9b 2.7b 5.7c¢ 0.4b 1.5b

Fl—FI iR AR T RIRMERR A B2 (P <0.05)

2.2 FHAMRREYBARGL BN IEHE RS

ST BRI B AR R AW BEUE (R 2) , BB HIRIgx A KR R AV B R TR &
AR, B EEEFSFFAIE A, IR R AW BRI B ES . FER 2 A4 AHE BInES
FRACE AR R A BN B E T X R, B AN Reflo ARSI s AT X 200 AR AR 149 00 T 2 il o AR o L
HK 6 MHIE, i TIRGL BRI , F 0B R R AR WA PN, RF 2N LB R AR A& B E R
FXFHR

M3 AR BB ARG BUR TR IR BORE 2N AN 2 ANMAEEZE AR K AT R HAR S5 4R R L T B
BAIMHIER . 4K 2 A4 AR ,2N 4N AR R AREEL BRI I B0 H BT xR MK 6 1A
JG ,3 IS INFS AT B AL BRI T X0 AR, Horp DL 2N KRB AR 25 40 B R 48 B AR LAXT B HE(HE, IN, 2N,
4N 3 PMALFEXFAREEL R A 235 2« 51.4% , 94.0% , 39.5% o HMLAT I, 2N AbBE X AR S5 48 B )00
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Table 2 Dynamics of tomato root biomass and root knot nematode disease index after transplanted
211 41H 61MA
A3 Two months growth Four months growth Six months growth
Treatments A FRTETRE(S %) 27k TR E(S %) A TR IETEE(S %)
Biomass/g Disease index/ % Biomass/g Disease index/ % Biomass/g Disease index/ %
X B (CK) 1.6 a 16.7 8.5a 47.3 12.2 a 55.0
IN 1.2 b 21.7 3.7b 30.0 7.8 ab 26.7
2N 0.6 ¢ 8.3 3.6 b 28.3 4.6b 3.6
4N 0.2d 8.3 1.6 ¢ 16.7 9 ab 33.3

Fl—FI iR AR T RIRMERR A B2 (P <0.05)

FIANERFERIED 2, XA AR ERAFE N, X2 H T/NERTE I EA KRELERY
JR, R R B E BRI L3 rb B AR MR P BN, NERAT A B8 C/N B,
WAFFE MRS, e SEYSR, haTfEREAE A KRR Z " TE X il RS %
AR LR A A i 42 7 — DN BARIIK P o ZEARTAHIR H, 2N R RAR TR EEN &

FAA R AE R I B ARG 2 HUR IR 16 BN sh S AL e T IR RS R A BB F M. Hil
B2 AR RAPNERETRAZSEWRAEVENERRER, BARAXNRELIELTER REH
B, ARERAE BB ZERELBNHRERBCE TR B RESR .. BHEMES AN REX B BHEE
AR R FEFE IR A KBRS, , i), AP RS & HOm M HE R B ACR & B, BB AEM 6 ™ H#T
WeARES , AT LAE AN 2 RS 3 B X AR S5 4% e A 1 I 35 R B £
2.3 GIAFEFFERIE G R AL 0% L& R AR 1k
2.3.1 it R R AR RE

Mt H IR 2 KA BT AR 25 4 B T Al A, SR B Mo e i 2 16 NE (3R 3) LR B A RIRI
FHINEFREH-HEELAR EHFELRAMEERASR, X3 MEFREHMEED I HEBHEHD
53.9% ,45.8% ,0.3% . fEEMELBILE 8 NE, LIMRGEL B Meloidogyne spp. X RHERE, M
LM BRI 87. 1% . BMELMRILE 7T MR, SRR LEYS ., HPIEE Chiloplacus spp. FIH
3kiJ&@ Eucephalobus spp. MR EE, Sk J& Cephalobus spp. F1JEFF)@ Protorhabditis spp. AL EEEE, ITH
)& Acrobeloides spp. FI/NFFJ& Rhabditis spp. R LHEHE . BEBEL BT & B B/, R W BH#H L
B METELS EE ML BB A ST 5 B 4 402 45/100g T4 \341 57/100g T 4.2 4%/
100g ++.,
2.3.2 B AREFFRRIEXT L 8Lk 2% B BRI

FAERE 2 DA, WS IN/NZZE S FF Bk U5 A b 2 - 39 4% o 9% B2 3800 [) R 2 b I T % BR AL 38, {EL{UA 2N
SEFE 5T AL IR B E M2 R (P <0.05) (B 1) . FHaiErE 4 MG BI/NEREFHERUE A0 3R + 38 4k
T XS BRACEE, Horh IN I 2N AR SXF A BEMEE R, MERMEME 6 MAJGE 1FRN % LMK,
B/ INEFEFFRRUR A 3 A Ab3H L -39 2 9% BE 17 X BRAG B, H 2N 4N 5 A3 55 % B A 38 19 22 S ik 3]
T BEHAKF
2.3.3 HAEM 6 A BRI L R S50 21

AR P, BT EE 6 A JE WA LIEP LB 14 MR (3R 3) ,H)8 4 MEFREE. Hpx R
R 11 ANE  IN AR3E A E ) 8 AR 2N AAH R B 10 A& AN A B 11 MR . BRRE,
FAFAE 6 A LVE, MWL R MEHET T —F, BERN 8 ME TN 4 N8, FORMTA LR
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J1J& Tylenchus spp. EYSNAT]J& Aglenchus spp. k7]
J& Tetylenchus spp. . %5 {&J& Pratylenchus spp. A K
B, BEHMEHELR BB DT — NI JE Placodira
spp. ,HEE WL BN T —NE W TIJE Aphelenchus
spp. , ARG M T — M EFREHF—REHEER
W, 45 P P J& Mesodorylaimus spp. Fl&|J@ Xiphinema
spp. , M ELIX LR 4 & Lu ik Lo B, TR P
J& Mesodorylaimus spp. ,}AXt E£E N 5.1%—8.3% , =&
LR

23t 6 N H BB AT, &AL P 3L R A
XFEEWAE TR (K3) . UM EEPE
JRZk S AR 3 B B (L, FEAL 3 b 4% B 4k B AR R
F R AR, 75 N E 4 LA A0 BE L3R4 T

700
600
500
400
300
200

LB/ (%/100g T 1)

Nematode density/(ind./100g dry soil)

—_—
(=3
S

S

H: KI5 ] Growing time/months

E1l EHEEEFEREMPELENTREHTE

Fig. 1 Density of soil nematodes in various tomato growth stages

[ — I [6] AR AR R R B R R B B 2R (P <0.05)

x4 BHEEANARE, TBWEHBE P RBEX FEHTN (IR DT /%
Table 4 Changes of relative abundance for soil nematode genus before and after tomato plantation for 6 months /%

HER X B IN 2N 4N
_ [31]
T% 2—\%33 # P {Eal Initial soil CK Standard dose ~ Two-fold dose Four-fold dose
Heant d ep vatues sample (No straw) of straw of straw of straw
FE B PELR Bt Herbivores
41747 J& Hoplolaimus spp. 3 0 -1 -1 4*
W2JiEJ8 Helicotylenchus spp. 3 0 0 0 0
24 245 T] & Filenchus spp. 2 0 -4 -4 -4 -3
HR4EJE Meloidogyne spp. 3 0 -7 -24 -47 =27
7] )& Tylenchus spp. 2 0 -1 -1 -1 -1
W sk J] J& Aglenchus spp. 2 0 -1 -1 -1 -1
Sk#1J] )@ Tetylenchus spp. 2 0 0 0 0
4i1A )& Pratylenchus spp. 2 0 0 0 0
/N t:8 4~J&  Subtotal :8 genera 0 -13 -31 -53 -29
B4R 2k H1 Bacterivores
MEJE Chiloplacus spp. 2 0 2 31 49 24
3k J& Cephalobus spp. 2 0 -5 -4 -6 -6
H.3k )& Eucephalobus spp. 2 0 -1 7
A 2EJ& Acrobeloides spp. 2 0 2 4
JEAF )& Protorhabditis spp. 1 0 -5 -5 -5 -4
/INFJE Rhabditis spp. 1 0 8 1 -2 -2
3 acodira spp. - - - -
W& Placodira spp 2 0 1 1 1 1
/N7 4~J@  Subtotal; 7 genera 0 5 23 48 23
B H LR B Fungivores
2 elenchus spp.
¥ 71)& Aphelenchus spp 0 1 1
U5 J1J& Aphelenchoides spp. 0 0
/N2 4NJE  Subtotal: 2 genera 0 1
Z B AP £R B Omnivores-Predators
esodorylaimus spp.
H1F J& Mesodorylai pp 4 0 6 5
$I|)& Xiphinema spp. 0 1 0
/N2 4NJE  Subtotal: 2 genera 0 7 5
431 Total 0 100 100 100 100

*  RAECF IR AR E B B
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HEELS, MY FEHE T RN RREL IR Meloidogyne spp. , 7E IN 14N 2 ML /351 N RET 24
27 ANES A, TAE2N b3 FRET 47 MNEG R HIKELEHRIIE Filenchus spp. ,FEFNEIH T
MET 3—4 NET R TERMEL SRS, X F MR B RIREE Chiloplacus spp. ,7E 2N fEHEH A
49 NEG R, HZBIENZR)E Acrobeloides spp. ,3fNT 2—5 NE 7 mo AL RAHR F BT R 2L it
J& Cephalobus spp. FIJEFTJ& Protorhabditis spp. . {HISE B K/ MTJE Rhabditis spp. , HAHX F ELEXT FEH 2
B AN, (HAE 2N FI4N 2 MAb 3 HE TR ESE . BEELIEREM T A8 BN FEREY
LTAiuE i

BEXT LR 4 ANEFRERFEEHT I 200, GORILE 2, B EY BERE T RMEL
AL, HOFES B S T X R HoA 2N Ab 3 b TR R ) AN B ERE TR
FLEA RS BRI ], (B X B A ARIR D . PR RS, TIE i T A Em et Lk, (HAE Z (5T
ZESto

FAEE 6 MG, SX AN, A h B SRR AT G I L I 3, A b h A R R T
BIEAE TR, MEAEEAR RERLR AEHEL R BAR EF, IN,2N4N 3 MEEE R L
W53 T RET 17. 6% ,97. 3% F1 2. 0% , T £ 40 B8 2 3 BG4 43 51 B F+ T 100. 5% , 189. 7% Fl
117. 8% , Aix 2 %5 G4 xR ML ERE , LA 2N L3R Lk st BE V& 250 28 (LR B Bk o

(=

(=3

S
1

xi X HR
1 I 5 LS
=) 7 o L O 4] Zz
=z g 25| ofsmAL
5 300 S ¢ o Rfhifktgn
B2 50 g 1°r
g % E 100 2 ¢
zZ= 2 aa = 0
& 0 % D % N -a:::::sm '5; -0.5 + IN 2N
Rk SAHRR AR e ahiatkdoh R s L
3¢ 2M¥ Trophic group ’ kb B Treatment
B2 EHHEESTARELELRENEFABEANR B3 EBHEE6 AR, SRELINE A ERABOTLIEE

Fig. 2 Abundance of soil nematode trophic groups in various Fig. 3 Change of soil nematode trophic groups’ proportion

treatments after 6 months plantation of tomatoes after tomato plantation for 6 months, compared with CK

Al — 5 R R A R (R A 22 57 (P <0.05) e

X TFRERLIRU, FAKERERK2 &/100g TL) , 5IAFEFBRIEE , IN, 2N 2 b2 52 5
LHRBAA, HAN LHA R HELRIE K] 9 5/100g T+, REHE KX EL R, HRKRIAF]
T 350% ,RR T iX—RL b AR b7 ], dof e T 3 b B AR R I i . SIAREFFIRIE)S , 2%
HEMEL R BE LA RIE . P L IN A3 A3 8 ok, O 66. 7% , 2N, 4N 2 A4 BE K3 i & 2351
NT.4% 11.1% ,

MR (6 4~ H ) Ja L 3rp & BRI IRE , ANINAEFRGE 39 rh RO R PR R, ARG L )
B (X — 5 _ERRIIREEE BR B RS 2R A — B0 , RN BRI ELGIAR R Ty, X S AP A2 72
RIS AR 20 A 6o ply TR i () 5, T ) 20 o oR 6 AL AL 0 2 9 B, n b 3 v
T 9 SRR B LA R BB AR 2, BT DL 3P R R R B RAERT T R i P BT B AR A R R
3 Fit5ifit

TEAEILIR Z MR L A 4. 16g/kg B ELBIANA /N FEFT (A3t X /NEFEFT I8 FAL P B A B i
2 fif) , R AR L LR HORAR ST M0 ORI 23k 94. 0% o T HL, Tk i A RORBE IR A 52 B B B 1 1 T
. SULRR, TR R S R AR M RPER R R T 97.3% , R A R LLY] BT T 189.7%

GEIRBI Py ER AL SE AR ) S5 05 B AR XE AR A B R SR S5 L U , FLS T DAE A fey B B 3k R 7
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ERAE o R PHREIHRE AW BE DT 108 WA BB RO AR KAREE R A5 T 28 I 5 AVRBE 88 5 2 B O 1 UG
RERR, BT P EARAS /N HOGIR 2 5 B R 3R 1E . A2 R 25 B)R RE A At AR S 4 s, (B 3UH
WHRIPEGY . VIR AGTERE AR R R , BB N A B 1677 5 , (B RASR &, ME AR T ARHE, T L
ARG BRI R BA B EIRAE 2L o

LT 7B B A/ NEREFT R — R AR ) (8 AR UE T HAE N TR . BEMRE 2, F 85
17, REBIFBRCR o B /NERE AT BRIR AR , B0 R R W s , AR 1R B ARG 4 R 30
PR, R — Rl A R BEMRAS EARE B 2+ 5
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