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Abstract:  Objective Watermelon is susceptible to infection of Fusarium oxysporum, which causes it to wilt. Colonization of
Arbuscular mycorrhizae (AM) on roots of the plants can not only effectively promote plant nutrient uptake, but also help prevent
diseases. However, direct inoculation of arbuscular mycorrhizae in the field may in most cases affect its infection efficiency and
ecological effects. Method In this study, Rhizophagus intraradices (R.i), was inoculated directly to watermelon seedlings in
nursery to culture arbuscular mycorrhizae inoculated watermelon seedlings, some of which were then transplanted into pots for
observation of how the inoculation helped the seedling to resist wilt disease and for analysis of its mechanism. Meanwhile
activities of wilt-resistance related enzymes and their encoded gene expression were determined for analysis of mechanism of AM
helping the seedlings resist wilt disease. Besides, some of the inoculated seedlings were transplanted into fields for exploration of
effect of the inoculation helping the plants resist wilt disease and improve P nutrition in the field. = Result Results show that
watermelon seedlings inoculated with arbuscular mycorrhizae in nursery maintained their mycorrhizal colonization after
transplanting, and even up-regulated the expression of chitinase-encoding genes of CIPR4 and CIPR5 and the expression of -1,3
glucanase gene CIGlu3 and Phenylanlanine ammonia-lyase encoding gene CIPAL4 and CIPAL1I in their root systems. Chitinase
activity in rhizosphere of the watermelons increased significantly, but B-1,3 glucanase and phenylalanine ammonia-lyase activities
were unchanged. Meanwhile, the inoculation significantly reduced the number of pathogens in watermelon rhizosphere soil,
increased the number of arbuscular mycorrhizal spores, and improved the watermelon root system environment, thus reducing
wilt incidence of the plants by 22.22%, and disease index by 23.15%, and consequently increasing the disease controlling effect
up to 36.23%. Moreover, the inoculation enhanced the activity of acid phosphatase in the rhizosphere soil, thus increasing the
availability of phosphorus in the soils, optimizing phosphorus nutrition of the soil and eventually improving disease resistance of
the crop. Conclusion When watermelon wilt disease occurs, colonization of AM fungi can increase activities of the disease
resistance-related enzymes by increasing the expression of ClaPR4, ClaPR5, ClaGlu3 and ClaPAL4 in the watermelon root
system, thereby improving disease resistance of the watermelon; inoculation of seedlings with arbuscular mycorrhizae can
improve microbial environment of the plant root, and promote hydrolysis of insoluble phosphorus by stimulating the activity of
acid phosphatase in the rhizosphere soil, thus increasing the content of available phosphorus in the soil and promoting absorption
of the nutrient by watermelon, and eventually improving disease resistance of the crop, reducing the incidence index of
watermelon wilt. It is, therefore, concluded that inoculation of the seedlings of watermelon with arbuscular mycorrhizae can
effectively prevent occurrence of Fusarium wilt.

Key words: Inoculation of seedlings with nursery arbuscular mycorrhizae; Watermelon; Fusarium wilt disease; Disease
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£ 1 PCR¥ 3|4
Table 1 Primers used for PCR amplification
A G5 EL pan EE/2]l
Gene IWGTI no. Primer direction Primer sequence ( 5'-3")
1IEM514%) Forward primer TCCTCCTCTCTATCGGCGGC
CIPR4 Cla004921
JZ 5% Reverse primer GCCGAGCTAGTTCGTCCCAC
1IEM5]14%) Forward primer TGCGCCTTCTTGAGCAACCA
CIPRS Cla004920
JZ 5% Reverse primer ATTGCCGAGTGGTCGTGAGC
1IEM 514 Forward primer GGCGACGACGGGATTCTGACTTA
CIPR6 Cla018709
JZ 17514 Reverse primer TCAATATTGGTCATCAACCGGCC
1IEM 514 Forward primer GCGGGGGGGACGGCTACTTCAATCGATAA
CIGlul Cla009588 )
JZIE 514 Reverse primer TCAATTGAAATTGACGGGAAATTTAGGCT
1IEM 514 Forward primer CCGCTTCAGGAGTTTGTGGAGA
CIGIu2 Cla006320 )
JZIE 514 Reverse primer TCAAAAGTTTCCCCGTATTCGGC
1IEM 514 Forward primer TGGGGAAGGATGGAAGGGATTTG
CIGIu3 Cla016465 ,
JZIE 514 Reverse primer TCAATGACTAAACCACCAATGTT
E[H 5% Forward primer GCCGAAAGAAGTAGAAAATGCAAGAC
CIPAL4 Cla018298
R 5]1%) Reverse primer CTAGCAAATGGGGATTGGAGCACCAT
E[[3]%) Forward primer TTGGCATACGAGAGTGGAAAAG
CIPALS Cla018302
I 51%) Reverse primer CTAACATATGGGAATTGGAGCT
E[ 5% Forward primer CCGAAGGAGGTTGAAAATGTAAG
CIPAL1I Cla012780

KM 51%¥) Reverse primer

TTAGCAAATAGGGATTGGTGCTC

1.3 HFmRESE

13,1 FEBRA: W Rl F A% R 0 ok
J&, SRAEFEMR ML FERHL TR EERE, 105°C AT,
70°CHE Z fE 0 T B R EBCHE T4 0.1000 g,
R FHR IR - A AL U A, BOH ZWCR FHARB T L
I PR o T < R 7111 5

1.3.2 BUtEAHOCHE R IA AR R 4 M
vl (http://cucurbitgenomics.org ) 215 PG JINFE K 4 4T
PEAHCHE LT il . B-1,3- BB A PAL BESEDA
FEF, JFEISI (£ 1) U, RNA $#EUf cDNA
B S E B (RT-qPCR ) 2012 ISk,
1.3.3 PR RS, LT R, -1,
37 RMERG . AR AR % = B & (ORI R AR
WHARARAF ) ST,

1.3.4  HIHERMERERREEY:  CRABEROR Ak
MWEH . TF 660 nm P AL (A
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FEE, ZEmHb5etkny 14 3 14 DIT; 2
G MR SEEEH TN EEE, FERE N EKRN
1/4~1/2, X8 FAIRHAGERRY ; 3 % A
ZgmhmbzES, E5mMALE 2% 120 1,
2 FAEMORCRY; WA, N EE AR
FAEA G OEZR, MREE; 4% B
FEHT
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1.3.8 LRI R A AM Hiddfl 2 48 B
T JH 38 45 15 7 A B 0 v o 3 R 25
o D T R U0 SR P T AR - e O, R 21 MR X A s 4 s R B 20

% (OLYMPUS MVX10, 5t BFIR# US4 R %0 F UK AR T T T A O PG TR 25
AL R FIHECAM B o TEFEPN FON AR, 5l AR AR & 1 b BEAH
1.4 HiEALIE P, AAECH AR F OB RY T IR R AR R BT T

F Microsoft Excel 2013 X5 1740t 5EFE  22.22%, WIHEBIEIL T 23.15%, BiiGaSCRik 3|
AbFE, SRA] SPSS 17.0 BAAERTT 225041 (One-way — 36.23%. ## FON HYPG AR PR -3 b % 3L T R i
ANOVA ) MEF (Tukey ) JrikiFAr ANFIALERAY 22 JAUSRIITA , MAACTRAR T 0 2 PR PY AR PR - 43¢
SWEERR, WBEMKT R P<0.05, 3 JEr P B0

F2 MAREIREEWENEEROFM

Table 2 Effects of inoculation of arbuscular mycorrhizae at the seedling stage on Fusarium wilt of watermelon

V3 ES 9o T 154 iR €N eS8 JINTE
fib 2
Incidence of disease Disease index Control effect Fusarium oxysporum number
Treatment

/% /% /% /(10%g")
—AMF-FON — — — —
—AMF+FON 77.78 63.89 — 40.67
+AMF-FON — — — —
+AMF+FON 55.56* 40.74* 36.23 12.67*

TE: -AMF-FON F/RJE AR E T, AH:Fh FON (3188 ); AMF-FON ER MR E 1, AEF FON; -AMF+FON £/Rk
KL AR T 1, $2F FON; +AMF+FON R/R AB AR |, #0 FON. —FORAKK , *RxF BFME2R (P<0.05), T[E. Note:
-AMF-FON means non-arbuscular mycorrhizal seedlings without FON( control ); AMF-FON means arbuscular mycorrhizal seedlings without
FON; -AMF+FON means non-arbuscular mycorrhiza seedlings, inoculated FON; +AMF +FON means arbuscular mycorrhizal seedlings,

inoculated with FON. — means not detected, and * means significant difference at P <0.05. The same below.
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. W — AR PR R R R A B ER (P<0.05), IRELFRFMEZE, T, Note: Different letters in the same part

mean significant differences at P<0.05; Error bar stands for standard deviation. The same below.
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Fig. 1 Effects of inoculation of arbuscular mycorrhizae at the seedling stage on biomass of watermelon
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Table 3  Arbuscular mycorrhizal colonization rate of watermelon root

Qb B
F/% M/% m/% Al% a/%
Treatment
—~AMF-FON — — — — —
—~AMF+FON — — — — —
+AMF-FON 57.55 14.4 18.78 1.59 17.99
+AMF+FON 56.67 6.2 10.94 0.94 15.16

IE: FRAMAERRYER; M BARAERRPELZ; m FrRPERBEREREE; A RRRAMIFEE; a R

BB EE &, Note: F: root mycorrhiza infection rate; M: root mycorrhiza infection density; m: mycorrhiza infection density of the

infested root; A: abundance of arbuscular mycorrhiza in the root; a: abundance of arbuscular mycorrhiza in the infected root.
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Fig. 2 Effects of inoculation of arbuscular mycorrhiza at the seedling stage on chitinase gene expression in leaves and roots of the watermelon
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Fig. 3 Effect of inoculation of arbuscular mycorrhiza at the seedling stage on -1, 3-GA gene expression in leaves and roots of the watermelon
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Effect of inoculation of arbuscular mycorrhiza at the seedling stage on PAL gene expression in leaves and roots of the watermelon
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Fig. 6 Effect of inoculation of arbuscular mycorrhiza at the seedling stage on APase activity and phosphorus availability in soil
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Fig. 7 Effects of inoculation of arbuscular mycorrhizal at the seedling stage on mycorrhizal infection rate, number of spores in soil and wilt

incidence of the watermelon crop
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Table 4 Effects of inoculation of arbuscular mycorrhizal at the seedling stage on growth and phosphorus absorption of watermelon

BT R M N AT B TR A
Ab 3 A )
Dry biomass of shoot Dry biomass of root Phosphorus absorption/mg
Treatment Biomass per melon/kg
/ (gplant™) / (g-plant™) R Root 2% Stem M- Leaf JR}Z Rind
—AMF 17.05+1.68 3.28+0.41 5.95+0.59 157.9+21.84 518.74+98.63 2.27+0.02 4.57+0.86
+AMF 23.65+2.14* 3.34+0.06 4.78+0.34*  91.39+4.83* 229.3+7.43% 1.734£0.05%* 6.30+£0.72*

. SRR BEM2S (P<0.05), Note: * indicates significant difference between treatments at P<0.05.
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