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The effects of the addition of Ceratobasidum stevensii B6 and its growth on the soil

microflora at a continuously cropped watermelon ( Citrullus lanatus ) site in China
XIAO Yi', WANG Xingxiang™, WANG Hongwei' , LIU Fuyan', DAI Chuanchao" *

1 Jiangsu Engineering and Technology Research Center for Industrialization of Microbial Resources, Jiangsu Key Laboratory for Microbes and Functional
Genomics, College of Life Science, Nanjing Normal University, Nanjing 210046, China

2 Key Laboratory of Soil Environment and Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China

3 Jiangxi Key Laboratory of Ecological Research of Red Soil, Yingtan 335211, China

Abstract: The deterioration of the soil microbial population and the decline of enzyme activity have been regarded as two
key factors in the reduction of watermelon yield in long-term continual watermelon cropping systems. To replicate the
watermelon cropping system as much as possible, a surface layer (50—200 mm depth) of an Ultisol was sampled from a 3
year-old continuously cropped upland watermelon site, at the Red Soil Experimental Station, Chinese Academy of
Agricultural Sciences, Yongzhou, Hunan Province (N26°45’,E111°53"). Pot experiments were conducted to investigate
the effects of the addition of Ceratobasidium stevensii B6 on watermelon ( Citrullus lanatus) yield (and the associated soil
microflora) to study biological control measures for a long-term continual watermelon cropping system. Three treatments
were used a control (A), an inactivated B6 mycelia (B) and an activated B6 mycelia treatment (C). At the harvest stage,

the application of living B6 mycelia ( Treatment C) significantly reduced the number of soil fungal colony forming units
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(CFU) by 17% , but the quantity of bacteria and actinomycetes increased by 2.2 and 0.4 fold respectively, compared with
the control (A). For the treatment using the activated B6 mycelia (C), the quantity of Fusarium oxysporum (FO) in the
soil at the harvest stage decreased by 29.9% and 63.3% compared with the control ( A) and the inactivated B6 mycelia
(B) respectively. Meanwhile, the activities of soil urease, sucrase and polyphenol oxidase were enhanced by 19. 0% ,
159.0% and 31. 3% in treatment C compared with treatment A, respectively. Moreover, the activities of superoxide
dismutase and peroxidase in the watermelon leaves also increased by 32.7% and 4.6% when compared with treatment A,
respectively. In other words, the activated B6 mycelia significantly induced a systemic resistance of watermelons to the
invasion of FO. Furthermore, in contrast with treatment A, root activities in treatment C were increased by 46.2% while
the malonaldehyde content (MDA) in the leaves was reduced by 51.4% . Compared with the control (A) and inactivated
B6 mycelia (B), the individual fruit weight increased by 44.8% and 40.9% respectively in the treatment where activated
B6 mycelia were added. Total yield was also increased by 103.8% and 64.9% , respectively. The soluble sugar content of
the fruit likewise was increased by 35. 1% and 10.0% for treatment C when compared with the other treatments. Although
the differences in the vitamin C concentration of the watermelon fruit between all the treatments was not significant, the
quality of the watermelons in treatment C was improved, as evidenced by an increase in the soluble sugar content. These
results suggested that the addition of the activated B6 mycelia for improving the soil microenvironment and to increase the
watermelon yield has promise, and may be able to be commercially used in the future; hence, further research is required

on the mechanisms involved.

Key Words: watermelon; continuous monocropping obstacles; Ceratobasidium stevensii B6; soil enzyme; Fusarium

oxysporum (FO)

PUJK( Citrullus lanatus (Thunb) Matsum & Nakai) 755 2= v (A7 28 b o7, AR 3% T AR AN ™ 1 35 7
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MYLII3 (50—200 mm) ,ZELEFIAR PN 3 a (55 1 AF 2 VU RCA T, 50 2—3 A B VH NG ) . AL &t
11. 60 g/kg,pH {8 4.82(1:2.5H,0) , 2% 0.89 g/kg, If# A& 77. 32 mg/kg, BB 25. 17 mg/kg, 285 0.50 g/
kg, HUACER 588. 31 mg/kg, 241 13.88 g/kg,

PR ( Citrullus lanatus) RS AN T H L FRAL S REE S8, e 2 IR N, BB e, PR AR i — i
0. 5—1. 5kg  JIAHHIRIE | Fh e Sadg (N BREAPEEELL HEm ; A2 INAE 7o, SRR AT AR 5 A DL L 5 KR ) Rt
Tt 32 T

AR LT BARNA FE S A VL IR8 T A 1 55 ) B 35 R A 2 o o5 S 0 3 A R VR , 5 B6, A T FH
B E T Ceratobasidum stevensii'® | 5385 H KB BHA ( Bischofia polycarpa) 22N K. NAETE B6 MAiZihE
ARG SR (PDA) RHf0 568 2 fif PDA KigR3k 28 CHiFR 7 d,fBIA 5 mL TCIRUK , FHEER™ 1 i 22 %%
BRI, He R A G T AR R SR B A MR 7R AL (PD) ,250 mL = A3 A 50 mL PD K FR%E 28 <C 180
r /min 3537 6 d, UEARIT IR ARG R 22 | ZRIROK kA 2 Wk B R A .
1.2 SEEwTt

SEER I 3 AR BE 6 ANEE , AEEST AR IR (A) AN INTR 22 5 B . it i 3% Y B6 1R 24 ; C . Jiti in i 14 B6
W2z, 2010 4E5 A 6 H , 7ER BT KA Y P fE 2 B 1 FR8K 12(HAR) em x10( ) em; 55 2B AA
ML B SE T (VTR A DA BRA R ) | ERT RN £ R B R 48 4>, 5 A 11 H ARFI VY IR+ 28 7256k, B
R A AL R EN (RIBETT R Z A FARA ) . M FFE AT Tz (55 C) &
i, HERR N 2 h, SRS 53R FITE A B .C 3 MEHEF1 4 h, A ZE1B7K 50 mL; B K{GHY B6 R 42 2 g+48mL 7K ;C
TG B6 222 g+48 mL /K, IEHHEMEEHE 6 H 1 H , BTN 28 a5t SR8 A2 28 cm, = 28
em, B+ 15 kg, 209t R % 4 o, BRS040 4 o, BRD 0. 55 o, Blid 60 g, A HLAE 500 g, LKA, B .C b3
A3 NI KI5 () B6 1B TR 22 FIG ) B6 MEER 22 20 ¢, 1EH HEAFEE, 7 H 10 H (AJRH)) , B C AL FE 5 51 it in
KG9 B6 MBI 22 F195 Y B6 WP 2220 ¢, 7 H 29 H RA#HVEIR

A3 5T R AR VG T, PH I TF A6 30 A JICH A A it 0 48 — IR e X R AR A 70 1A
(FO) Btim | 3Nk | R A 22 M S AL 09 16 0 o 76 G0 Bl AL SRR e 1) i 00 v I it e A P
(MDA) & & 8 bW i (POD ) 1 14 01 48 Ak 4 U5z AL T (SOD ) 17 1, 1B 558 6 i AR 2R N 5 AR 2R 1% ) (TTC
) o RIS A PG TR S Hh S BUER 235 i 0 SR 52 (2900 ) I PE TR SERY Ve & Al s op & i Seit i
JNR R R e 2R 2K AR RTE TR A R LS

AN B6 T A5 HEA PG TR P, 76 2010 4 10 A 28 H ¥EfT B6 M350 7E3 A BiE 7 18
FERR PR R PG IR, BB SRR 1 R, PP AERE R AT HEI TR (55 °C) AP, AR A1 2 h, AR5 /0 iR R TE
A B.C3MbHIH 4 h A Z8187K 50 mL; B K{G ) B6 B22 2 g+48 mL /K ;C 1GHY B6 22 2 ¢+48 mL /K, A4~
AbFE 20 F, BENLHES . JHC7E N TR, IR (24 1) °C B 2000 1x, SEHRIFE] 14 h/d, AHXS R EE 60% —
80% AR T ZE it /i K 4 LAOR RS 8, R R 2F)E 2 JH LA B C AR FRA SN 2 mL 7K K& Y
B6 %22 g W6 B6 W22 2 g, FiFRZF | DA G, FIH AL 85525 1k VG IR R A9 AR | 25 it 558 40 125
B6 B,
1.3 Ak

PUTAR PR AE B AE fb T bR D2 MDA & iR ARG I L 22 (TBA) 35, 2 POD 3% P4 2R 1 A AR 1 ik
TR MR 28 146 1 R AL = 2R DU U (TTC ) 3 , I T I P 25 e R P B L 22k, SOD 1 MR i et
BB A PR 1 SOD IR &g , Ve & BRI R st e B A FRA R Y Ve 150 &l .

VORISR0 MRS De Cal 261 BUTESY R G0, 76 V5N ALEA WY BE 0 s R R, 1 (A W A &
WRREAR) A RE | A B TR 8 (A 51 1—1. 9 (1% —24% W R R) :1—2 H TR #,2—2.9(25% —
49% KIFFH) . FuBT & (3 ol FE L) :3—3.9(50% —74% W &R %) . T E A HFH5E, i
I T2 54—4. 9 (75% —99% WA AFEMRAGZE ;5 (100% 1Y K5 ) AEPIFET
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FTEEE = [ X RPN ARRIE) / (ABRBI =i gk ) 1 x100

TR IR R AL S B R AR TR R R A B, I DT, s i AR R
AR IR R W I — S B R, H R A s g

SIS TR T R BRI 48 T rh S AtI sl T TR SRS THER B R 2 PDA+IRIREE R K 0.3
g/LI

RS I RS MR PR BN EL ek R RERE I R 3,5- SR IR ek, 14
LY EALIE R AR R = e IREEEPE L) NH,-N mg/g T 1,37 °C,24 h o ; RO IS 1 L) 7 25
mg/g T 1,37 °C 24 h R ; W E ARG E DI F IR H EE meg/g 1,30 °C,2 h IR,

AV IR P EE B0 25 BO TR M T AR G B8 1 A A P JICRG 4 LI vk 0, R K 4R T 2%
iK%, B9 0.5 emx0. 5 em LU ARKIH 75% 15 30 s,0. 1% FHRFEH I TE 6 min, FEHCT PDA SEA
BRI 28 CHiEY . ABHGRK RGBS A b A7, JF B B6 1 4liks 37 wiva BAR I
1.4 Fdabrg

RIS R A AR B bR vE IR 7R, B SPSS 13. 0 #4517 5 22381 (One-Way ANOVA) K56 4b 1
] 25 5 58 351, IE ] Duncan YT 2 E LEL, 24 P<0.05 B, &N E BRI AETE B35 25 5. (] Excel 2003
HERE,

2 ZER551
2.1 i) B6 BRI I g K i S R 1 R i)

JEJNiE (4 B6 B G, PHIRRIH T AR 3 XF P8 A RKARBIEA T Ge 1 i 45 SR 22 B, it FH TG 19 B6 B 22
P T PG AR EE b s SR B RORIRE (3R 1) o S BRI K TG Y B6 A it N
B6 W , SR E ST HIEIN T 44. 8% F140.9% , 77 it 43 I3 N 103. 8% F1 64.9% JRIEHEEUT R T 62. 1% Fl
76.7% . X ULHITE N B6 BRI AE— A B A 1 5 J5E AT 42 4% PRI, 388 v I 1) 7= i

®1 FEM B6 EXENTERREEKEI M

Table 1 Effects of fungus B6 on watermelons yield and agriculture characters

, Hb B3 ey . > v .
Bk E o " ) ZEH/em K /em R/ em PR/ R/ kg I 8 B
AbFR /o ) .. .
Whole plant : Stem Vine Root Individual Total Disease
Treatment . Fresh weight . X N . R
fresh weight diameter length length fruit weight yield index
above ground
% B& Control 41.9+10.5a 38.9+9.9a 0.6+0.1a 167.7+10.8a 14.9+3.6a 436.6x14.3 a 2.12 69.7
K B6
. 30.0+£10.0 a 28.349.9a 0.7+0.2a 189.5+21.8a 13.0+4.2a 448.7x12.2a 2.62 76.0
Inactivated B6
15T B6
. 130.0+£60.8 b 125.7+58.5b 0.9+0.1b 312.3+26.6b 38.2+14.9b 632.0+20.4 b 4.32 43.0
Activated B6

AbHR RV EE A, RN R FRERIRTE 0.05 K L2257 B3 (P<0.05)

2.2 JitESN B6 B XS P I B )5 0 = Ve ° S
AT PRSI Ve & BA REWEW,E 297§ I b c 199

BN 9 B 7 70 A5 T e it A 2 : S 0% 2

I, S RAR LR T 35. 1% , SN K B9 B6 AT 5 £ ﬂ § 8}85 §

M T 10.0% (P 1), BT Rt TREMIE I B6 = o : e rreunk -

%E ,&%%TEJNEETE%‘JE%E‘J@E ,ﬁﬁ'ﬁ?ﬁ%ﬂ?ﬁﬁ& Control Inactivated B6  Activated B6

BIE 5 AR A AL R B 1 fEin Be Ex FE SR

2.3 Jitifin B6 &R VE AR & 3% J1 MDA . POD #1 SOD 19 Fig.1 Effects of fungus B6 on the quality of watermelons

W AEFRIEVHAR HA, AR ) B R AE 0,05 KT 2% R ¥ (P<

0.05)

TR B9 B6 TS, PR AR 2R 1% 1 POD {5 PEFI
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SOD &M S X REAR L, 20 BN T 46.2% 4.6% F132. 7% ;MDA % FFET 51.4% (3% 2) . X Ua Bt fin i
1 B6 T AT LA S8 & 7 AR P 22 45 B AE1 i POD 11 SOD B 35 1, I8 FEE i sk 480 A0 i BB 360 i 400 o J e
P, FE T A B PR P TR PO IR R AR 28, SR E AR R TG ) (R RV TUE AR K

2 HEAN B6 BExd T K A MR B RN

Table 2 Effects of fungus B6 on physiological characteristics of watermelons

e LI ESCI MDA BY# & POD & 11 SOD i 7
Treaémem /(pg g'lh']ﬁﬁ) /(pmol/g i F) /(U mi“_lg_lﬁi) /(U/g E T )
Root Activities Content of MDA POD Activities SOD Activities
%t Control 0.39+0.01* 4.38+0.25° 20.2+0.27" 319.6+43.3°
K B6 Inactivated B6 0.36+0. 05" 3.160. 18" 20.9+0. 12" 301.5+13.5°
1% B6 Activated B6 0.57+0.04" 2.13+0.292 21.1+0. 14" 438.5+54.5"

Ab BRI EHE LA, AN Al P RERZRTE 0. 05 JKF F 22 5 1.3 (P<0.05)

2.4 JitEfin B6 BN HAEA Y X AR NN

55 BEAH EE , Wt N5 B BO J , 7 FF AL I ARG SUT RS | 4 T Ak 28 A A B S S R, R RO I S
JEHGEAETFAEI 15 A B6 Ab 3 v 20 B R 5 2 1 Y B8 i 0 il 6 BRI 4. 73 A5 RN 2. 31 A%, T L TR A AH TG Tk
W/ T 44.6% (F23) , TAEAR BT £ 40 38 0] 1) 22 S A8 2 140 1Y Bl 25, WT e 2 i TRl 25 i ) 4%, +
Ferb i) B6 TR A A 12 12 A 2D, Pl T AR T R R VI ) S B I BT DABCSE S U T — IR
(1.2 528 it) o B, FE AU, S50 AR LL it hn i T8 B6 AL 38 4 P RO A O B30 4 538 i 17 2. 17 4%
0. 42 £, BRECE/D T 17.0% , POV R E A K1, S50 IEAH B, K06 B6 RN REA R o5 1458
WUAEYIX FR A B AT Rl 2 i 2AH s AVE T .
2.5 jitifn B6 BT A rh Jf 8 T TR AR Y 5 e

555 REAH LG, SN B BO U, JCIS MRS B SR AE i T B B AR W A Y R R (3R 4) . R REE PR
A=A A 5 T TR RS DA BT I AERAE W] — B it 0 Be TR A ASCR I SR AR R W Y, FEFT AR A T |
A B6 Ab3HAT 55X HEAR LA A4 70 TR AR 23 0 I T 33.4% ,29. 8% F129. 9% ; St K i ) B6 ZHAH
FEA3 il N R T 29.0% 61.6% F163.3%  TEAR JIRIBIFN U it hn 2K 3% 1) B6 &, = i 248k 7] TR o) i
MY 82.8% F190. 9% , #iEl J [K A BB A2 - KIE 1) B6 1R 22 76 T4 rp AR R RE I il A ik 7 o i A 4, ROt
R T AR T B HE FE R SR R R TR R AR
2.6 Jiifn B6 BXT At HEREE AR

MR 5 FTLIE B, B AR I MRS | DRI | TR it R0 22 19 S0 10 I 1 35 M i3 n . e AR 300 A T
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