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Effect of inoculation with arbuscular mycorrhizal fungi on
root-knot nematode (Meloidogyne incognita) in tomato cultivars
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Abstract: [Background] Root-knot nematode (RKN) disease is one of main factors constraining tomato
production under greenhouse conditions in China. The arbuscular mycorrhizal fungi (AMF) contribute to
the control of RKN and the growth of plant. [Objective] The effects of different AMF and combined
inoculation on antagonizing the infection and propagation of Meloidogyne incognita were evaluated in two
tomato cultivates differing in nematode susceptibility. [Methods] The two cultivars, one of which was
susceptible cultivar (Monte Carlo) and the other (Xianke 1) was relatively resistant to root-knot nematode
infection, were inoculated respectively by Acaulospora mellea (Am) and Rhizophagus intraradices (Ri)
and the mixture of the two AMF species Ri+Am in the sterilized soil before inoculating root-knot
nematode, Meloidogyne incognita. The growth of plants and the suppression to nematode infection were
investigated. Furthermore, the tomato “Monte Carlo” was inoculated with the mixture of AMF and
transplanted in the continuous cropping field soil infested by RKN to evaluate the effects on the growth of
tomato and the protective effects against RKN. [Results] The mycorrhizal efficiency of Monte Carlo to
inhibit nematodes was greater significantly than that of Xianke 1. Different AMF treatments had different
inhibition effects on nematodes. The cultivar of Monte Carlo inoculated by the mixture of two AMF
species Ri+Am showed higher protective effects than any single AMF inoculation treatment, while Xianke
1 inoculated by Ri was higher than other treatments. The infection of nematode also greatly influenced
AMF colonization, especially to the cultivar Xianke 1. But the AMF colonization of most treatments was
still up to 70% in harvest time, except for the species of Am. The tomato “Monte Carlo” inoculated with
the mixture of Ri+Am significantly reduced the number of galls and egg masses of RKN in the continuous
cropping field soil containing Meloidogyne incognita, comparing to the controls. [Conclusion] The
colonization of the mixture of AMF alleviated the infestation of the nematode disease of tomato better than
single AMF colonization to a certain degree. The protective effects of susceptible cultivar inoculated with
AMF against nematodes were greater than those of the resistant cultivar to nematode.

Keywords: tomato (Lycopersicon esculentum), arbuscular mycorrhizal fungi, Meliodogyne incognita,
disease control
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T 16 b, BEAbIEEES 5 4, 380 7, FfHLHES.
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54, 3104, BEHLHES.
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Table 1 Effects of AMF on the growth of tomato seedlings

W Hovk R 3 300 £5/mb. A il 25 5L [
2 cm ATHZ0 2 om AL, FIINEE SRR AT
AL, Bk, FREFLAT R w
1.4 $EHRNESEIES

FEF AR SR LRI B 5 RIS IR
SAINERR R . ZEH . MERRGE ST AR, 1
M L APH P8 5. R HoS04-H20, T4k, 4L
BHE b R R I AR 5 6

HR 72 FH 0.05%Hh FIZK i (Trypan blue) Yo, #i 4
Grace #il Stribley (1991)# /. /)7 EE AMF 485
R, BT WA R R YR . MR 4,

R 25 2 B P BN 5 275 X 4 725 (1995) 1 7
P R AR FR I K R R A 0.015%
Phloxine B 7% HHi=3(0 15 min, SRJ5 AR R U H
HKMETE, LIBRZEMR R PIRR gL @R, i
B AR ZE 2R U

FH SAS V8 Gttt A itk AT i & Ml & , LSD
S uZRE A A
2 HRGHH
21 AMF M EMmLEE KB ENZIN

AP FERTERE RIS 45 d BIRBLEAE K
WNZEFER L), RGN, M AMF AL
FIERMMRMIR R T . R LR RS, (A%
Toft B — BRI REL R (1) 1355 E B sy 5 A

A sl ESER LGSR 2 b AT R
Cultivars Treatments Ratio of root to shoot Health index Shoot dry weight (g) Root dry weight (g)
e CK 0.11c 0.21b 1.57a 0.18b
Monte Carlo Ri 0.19a 0.31a 1.33b 0.25a
Am 0.16b 0.30a 1.50ab 0.24a
Ri+Am 0.17b 0.34a 1.67a 0.28a
Mz 1= CcK 0.13b 0.33ab 2.06a 0.27ab
Xianke 1 Ri 0.18a 0.35ab 1.53b 0.28ab
Am 0.18a 0.42a 1.90a 0.34a
Ri+Am 0.15ab 0.29b 1.61b 0.24b

I BFIAFETEER P<0.05 /K255 3% (n=4)

Note: Means in each column followed by different letters are significantly different based on LSD test (P<0.05, n=4)
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Table 2 Effects of AMF on shoot and root phosphorus concentration of tomato seedlings

Ab B i 3mSR Shoot P concentration (%) M &S B Root P concentration (%)

Treatments EX N i 1% SRERY i 15
Monte Carlo Xianke 1 Monte Carlo Xianke 1

CK 0.08a 0.07b 0.10b 0.10b

Ri 0.09a 0.07ab 0.14a 0.14a

Am 0.10a 0.08a 0.12ab 0.09b

Ri+Am 0.09a 0.08a 0.12b 0.12ab

1 BHIAFEFEEN P<0.05 K F-2 5 B3 (n=4)

Note: Means in each column followed by different letters are significantly different based on LSD test (P<0.05, n=4)

®3 FRAERFMGEFERE TR

Table 3 Root colonization status of tomato seedlings by AMF in different treatments

s R RYe LN &S TOREFSE

Treatments AM colonization (%) Arbuscule abundance (%) Vesicle abundance (%)
SRR iz 1% SRR i 15 SRR iz 1%
Monte Carlo Xianke 1 Monte Carlo Xianke 1 Monte Carlo Xianke 1

Ri 76.58a 80.00a 73.88a 78.83a 39.49 41.51a

Am 45.98b 46.88b 45.55h 46.73b 41.93a 40.18a

Ri+Am 77.38a 77.83a 74.75a 76.71a 35.49a 38.96a

1 BHIAFEFEEN P<0.05 K F-2 5 B3 (n=4)

Note: Means in each column followed by different letters are significantly different based on LSD test (P<0.05, n=4)
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x4 AMF HEEFIRELHEMMS . AN EABTERZ N
Table 4 Effects of AMF and root-knot nematode on shoot length, stem diameter and shoot dry weight of tomato

A MR GE 2 BRI 7N el M AR
Cultivars  Inoculation with nematodes  Inoculation with AMF  Shoot length (cm) Stem diameter (mm)  Shoot dry weight (g)
gepb e —Mi CK 112.28a 7.03a 13.72b
Monte Carlo Ri 98.17c 7.50a 15.91a
Am 107.18b 7.50a 14.17b
Ri+Am 96.87c 7.16a 16.30a
+Mi CK 112.52a 7.12a 12.07c
Ri 100.21b 7.09a 15.56a
Am 111.62a 7.04a 13.70b
Ri+Am 95.22b 7.28a 16.15a
ME 12 —Mi CK 113.89a 6.85a 13.22b
Xianke 1 Ri 104.71b 7.06a 16.95a
Am 112.71a 7.11a 14.32b
Ri+Am 104.96b 6.47a 17.12a
+Mi CK 113.30ab 6.70a 14.45b
Ri 114.03c 6.64a 17.01a
Am 120.80a 6.84a 15.36b
Ri+Am 107.70c 7.12a 17.73a
T3 ZE53H
Significance due to
cultivars <0.000 1 0.0017 <0.000 1
Mi 0.001 0 0.3396 0.8610
AMF <0.000 1 0.626 4 <0.000 1
cultivarxMi 0.0457 0.592 1 0.0030
cultivarxAMF 0.001 6 0.944 2 0.9279
MixAMF 0.018 8 0.047 4 0.8125
cultivarxMixAMF 0.449 3 0.660 1 0.228 0

T —Mi: RIEEFIREEL AL TR, +Mi: BEFMRESL AL, AR FEh P<0.05 KF-28 5 % (n=4)
Note: —Mi: Inoculation without Meloidogyne incognita, +Mi: Inoculation with Meloidogyne incognita. Means in each column followed by
different letters are significantly different based on LSD test (P<0.05, n=4)

24 BEHRBEEMEMKPOERERER

mE 1 FiR, #F0 Ri. Am Fl Ri+Am (14 45
REPR R Gy 2 DA R AR R . SHFE R W
MR Y R R Z e F & e, BRI N
Ri+Am>Ri>Am (& 1A), Mifili& 1 Sk )5
WO R YL A BE AR, TR AR Ak R
Ri>Ri+Am>Am (& 1B). 7EHFIRZEL RS, Am
X2 A A AP AR G SR A B i, Tk
il Ri fil Ri+Am 4L BE AMF X 3R (1R YL 5 A4 [
Ry,

2.5 AMF 3iR&E %k BIR AT EER £

wiE 2, K 3 PR, M AMF XTHRZ5 2R d 7
PR EH R —EMIHIER, AF AMF 380
ARl SRR ROV BAFTEZE S . BeFh Ri+Am IRG
P BRAY SR L T B — TR A Am Fil Ri A0 2E
TETAHERD AMF X HR G548 2 Y Fn S o fr 2 30 H
FIINHIVE R 7 1H , B SRS R B R dL i
% 15, A AMF BERMEBEXHIIE 1 SRR
FIRREE B JC B & (K 3A), {0 Ri AbFELE &%
fIK T URHegcE (K 3B).
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e M™E 60l
= B I B oo
% < 60 w2
- > 8 40}
Bg 40 B E
2 g =
22 a1 =5 20
0 () -
Non-Mi Non-Mi Mi

B 1 3#E# Meloidogyne incognita (Ml)i‘fax‘-f?f-li-?(A)fHﬂJJE 1 SBIRAFERFLEEM I

Figure 1 Root colonization rate of Monte Carlo (A) and Xianke 1 (B) inoculation with Meloidogyne incognita (Mi)

T: Non-Mi: ARIEFIHIZEL AL, Mi: BERMREEZ dUb3l ; ARIR)/NG FEEFORERIAN R B A AL B 5%/KF- |- LSD £ A
SEEERY BENE 2R

Note: Non-Mi: Inoculation without Meloidogyne incognita; Mi: Inoculation with Meloidogyne incognita; Different small letters above

columns denote significant difference by LSD multiple range test for inoculation treatments of three AMF at the 5% level. Bars represent SE
(n=5). The same below

A 250 1 B

La g 150 a
g 200 [ b %ﬂ L ab b
B O =0k [l [
SEef [ %9 :
5 00 o
5 s0f »
- o o 2
0 ] Lol | ER ) e
CK Ri Am Ri+Am = CK Ri Am Ri+Am
& 514k PlInoculation {E R AETE Inoculation

B2 AMF X545+ F IRE & HIREE(A) K IR E(B) B F2 M)

Figure 2 Effects of AMF on the numbers of galls (A) and egg masses (B) on the tomato cultivar Monte Carlo

A B =
50 ¢ a 2 40
z a & a
240t l 5 . ab
E:Q_H \I:P l* a a Fa— pre % ‘)0 i _T_
B350 | : 23
o g EE 0t
20 . Z 3
2 5 =%
ERUE g 2 107
z g 3
0 . N DS IR DU 5 0 RN I IR P i
CK Ri Am RitAm = CK Ri Am  RitAm
$Af b Ml Inoculation F28) ik Mlnoculation

B3 AMF Xl%E 1 SRELZ RRGEE(A) R IPRE(B) R MR

Figure 3 Effects of AMF on the numbers of galls (A) and egg masses (B) on the tomato cultivar Xianke 1

T METE L ARTEARS [/ INE SR R R AS [R] BRAR 2 B (AR FIL7E 5%7KF I LSD £ Hs FIMA M B8 225 . HB L iR ®
7~ SE (n=5)

Note: Different small letters above columns denote significant difference by LSD multiple range test for inoculation treatments of three AMF
at the 5% level. Bars represent SE (n=5)
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26 EELIEDR AMF XIRZE L RIRFEIAEM
e

W 5 FroR, BRI RN SRR B AT AMF 2
P TR IR T, MR EA PR,
HARE . BIKL, B AMF XA AREEL U
FAHAERA PRI, HiEM AMF XA
FR 3t b o R A R S R AR
X B AR R BCA WA T, SIS L
LB AMF AT AT R ) (R e R E B
3 WHESHR

AL AMF 1) 2 ST it dn Rl T ERAR I 25 |
EREA R E A S R R, BRI
ARl 1 SA RO T BUSR PSR
o A AMF, 2 S ah A AR DL A EEA A
U B, EM B A KA PR, (EHR
HRIIEIN . FEFERRR, XA, Al
PRI RERS e b E BRI, (43R AMF XA
ARSI N R R AS [ A 2257 . FERE S KF )7
1], 25F AMF A BEX . E RIS AN K, T
THREWAE, LI Ri AP, Am Fl Ri+Am

#5 AMF 7RG % REETIRR N EFEME KL HER
FANEEMF M
Table 5 Effects of AMF on the growth of tomato plants
and the infestation of root-knot nematodes in continuous
cropping field soil

Item CK Ri+Am
M- 11.37b 12.26a
Shoot dry weight (g)

IR L 24.42a 22.80a
Root fresh weight (g)

Ho b 0.26a 0.25a
Shoot P concentration (%)

B ob 41a
AMF colonization (%)

RE5 8 A 175a 140b
No. of galls/g-root

B A g R 108a 85b

No. of egg masses/g-root

T BRI P<0.05 KF2R7 B
Note: Means in each column followed by different letters are
significantly different based on LSD test (P<0.05, n=5)

AEBRVR 2, BB R R B0 et . AMF
XoF 2 Ak 1) 45 e DR TR R AS [l e 2 7 A 25 S5 [ I 32 3]
2 YL R . Ri T Am X B AR YL 55 e85
K, HILFREEL RSG5 R E PR
Al ERPL BRIBRD R IR A BA Ri+AM 1242
RIEAR T AR FP L U T IR, T e P 2 s R B
Am LT AMF {29858 525 i T AR HERP 2 Uv)
W ZER TR B X AMF 2L S Bl 7= LR 25007
RS, SRR L2l AMF (RYLRE)
ERRASAIC R E, ATE el
TEFA b, 5P Funneliformis mosseae J&5 F-45:F R
TrREEL AL 8 A5 R gL A5 0 B2 WA i e
oo AR 2 DEF, FRAE Am YR g
FRI G AL, PRI R R AMF 18
A FAEY P AT EAE AR S 2 . LR AMF Y
MHEAEHYS AMF #2  RIFRSELU 3 FHEY) 5%
ZRRREA LR . AURIREL LRSS
TR P9 0 4 P iR 2 8 2 (Strigolactones) At 7K F-
FrEr, XRBE LIS YL A A Sk, 4R
TR AT AMF {2 525 AU 2A R {2
HESTRCVERT, XN AT R R AR R 4= G A
XTS5 BRIl A 525 30 2 s N 20
REWFFEFIFH AMF $il#5 3748 dups & 2L
A BIFPARORP P SRR MR . B B
PERFPSEZ AL HARTBL A AMF 2R R 38 A
Yol e B AT e & RS 1eis VE AR
AN EE S AMF FERREOR P45 2 Ui FE pE o,
A NG BRI FH AR E3EEFRD AMF
AT X PR RS LR R e A BB SR O, 5
Gb, BEEIEHEHOR, XA RHTL R R I s AR
LR AMF 4575 AR S5 48 AU e 8 R4S KL 4 (1 B
TARCRP ARG R A 2 ATl Sk b 285 3R AMF
AE0S I PRI R R TN ETE , R Ay F i
R F 1 O PR (B0) MR 235 1 B i S 3 IR T AN S o
M. a4h, R AMF REMS 5 258 1 F it bk () 2E
K, R MRS L dUS, KRR AMF [k
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Pl FERTERARREOR, iR AMF ARBERT PL5R
AR E G RIS, SRR B
Tt it B S 5 B R AL 1 X R A5 2 R fR e A 88
BEL PRI A P 25 R T [ Ak B A2k o 3
L% 155 AR AMF Hefh b 3R A7 7E 2%
5, FRRE FEAD Ri+Am JRATEFN AL B
KRR T HeFh s — TR0 Am Al Ri 9L, THALE
15 b Ri BRCR LT . RS R B RN A
LR RERNIR G R A AL BT ROV R
SUELERHE LR BUE W R AR He B 2k B Rk
TR, AMF [RYLRA P A re K +
BEREAE LHERIT AMF IR G TEFHERIA RS 3
AT IRACR , BEIIBCA AN RS AMF TR
FRERG AT L A BRAROR , X AT RES AR IIRES
Y BRR ) HAMION A P RIF R AMF AR
VEMAFAE 2257, RSO TR 5] HAT AN RI ROV,
AL R AP 2H 5 nTBEBEA AR, A 08 A
ZAAIFR AMF BRRPZH 5 B TR AE R B 17
AR, KIAFRFEMAL SRR ZEFARK, BEm i
eI AMF BFALEPY. B2z, SRAIARY
PEARRIES & AMF SEREOR T AR ES L dUi 5 A B
PERIESE, X T A S R AR AT H R E
R S o AIFTEAE X T DA Bt 1 2 ik AU
HLOH R A TR B T RS AR S,
A A P s A TR T B, B
RERLFIVETT o
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