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Abstract:  Objective This study aimed to elucidate the characteristics and correlations between Fusarium oxysporum and soil
nutrients in banana orchards with Panama wilt occurring through analyzing the number of F. oxysporum and nutrient contents in
soils. This can provide a certain theoretical basis for the prevention and control of banana Panama wilt. Method Nine
symptomatic and nine non-symptomatic banana plants in each orchard from 15 banana orchards in the main banana production
areas in China and Laos were randomly selected for soil sample collection. Then real-time quantitative PCR and soil
agrochemical analysis were used to explore the abundance of F. oxysporum and nutrient contents in the 270 sampled soils.

Result The result showed that the abundance of F. oxysporum in the soil sampled near the symptomatic banana roots was
significantly higher than that collected near the non-symptomatic banana roots, with an average copy of 5.5 as lg-transformed per
gram of dry soil. However, there were almost no significant differences between the nutrient contents of soils sampled from
symptomatic and non-symptomatic banana plants. The distribution of various indexes of soil nutrients in the studied banana
orchards was different based on each factor. Among them, only the contents of organic matter and total phosphorus were
distributed normally while the soil pH, and contents of total nitrogen and zinc were skewed normal distribution. Mantel test
results further displayed that the overall soil nutrients were significantly correlated to the abundance of F. oxysporum. Specifically,
the soil pH, and contents of iron, manganese, and copper were significantly and negatively correlated to the abundance of F.
oxysporum revealed by the Spearman correlation analysis between the abundance of F oxysporum and each soil nutrient. In
addition, the correlation analysis between F. oxysporum and nutrients in soils with different degrees of acidity and different
organic matter contents showed that in the weakly acidic banana garden soil (pH > 6.0), the number of F. oxysporum in soils was
significantly negatively correlated with the contents of iron, manganese and copper. Meanwhile in soils where organic matter
contents were not seriously lacking (> 1%), the abundance of F. oxysporum in soils displayed a significant negative correlation
with soil pH and the contents of iron, manganese, copper and zinc. Conclusion In summary, banana orchards in the main banana
production areas in China and Laos usually exhibit an acidification trend. Symptomatic banana soil showed an increase of F.
oxysporum with a negative correlation to soil pH and the contents of trace elements, especially iron, manganese, copper and zinc.

Key words: Banana Fusarium wilt; Soil; Fusarium oxysporum; Nutrient characteristics; Correlation analysis
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TE . AR AN . FPREAR PR S A B 1.

F1 HRAFEEMELRER

Table 1 Basic information of sampled banana orchards
i ATBX 4 A Kok Pl 12t FAAT PR
o E wh
Sampling Administrative Temperature Precipitation ~ Cropping years
Location Cultivars
ID division /°C /mm /a

YN1 22°11'3"N, 100°19'46"E = WA YRR M 25.1 2 608.4 5~10 JERT
YN2 21°31'38"N, 101°35'30"E = A8 YRR A M 26.4 2541.3 5~10 SR
YN3 21°50'57"N, 100°57'3"E = WA YRR 25.1 2 608.4 5~10 JERT
HN1 18°39'37"N, 108°46'45"E A R RBGE R 27.4 14943 >10 (NS
HN2 19°46'33"N, 109°33'30"E T8 A A N T 26.1 3951.7 >10 PN
HN3 19°5322"N, 109°47'44"E TR A I e B 26.1 3951.7 >10 PN
GD1 23°2'31"N, 113°35'13"E I ARAB AR 24.7 5747.8 >10 BTG A
GD2 20°24'35"N, 110°13'54"E SR T 23.0 46482 >10 B A
GD3 21°13'14"N, 110°4'1"E JUARAE WL 24.6 4648.2 >10 ELpiAE
GX1 23°0"21"N, 107°49'57"E JUPRHE BRI R T 23.7 3043.4 5~10 S
GX2 22°59'50"N, 107°50'31"E JUPRHE BRI R T 23.7 3043.4 5~10 S
GX3 23°15'42"N, 108°17'43"E IR FA X R T 23.7 3043.4 5~10 (ER
LO1 18°30'52"N, 102°13'35"E ERITRT 28.0 5318.0 <5 (AT
LO2 20°22'30"N, 100°34'26"E ZARIE T SR 27.4 2935.2 <5 (AT
LO3 20°22'34"N, 100°34'16"E ZARUE T R 27.4 2935.2 <5 (AT

e RN 2019 AR R 2019 4E I[N f . Note: Temperature refers to the average temperature in 2019 while

precipitation indicates the average precipitation in 2019.
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€ 13 8,5 3 ( Electrical conductivity, EC) , /K
b5 01 BRI E LM E A AL
&t (' Soil organic matter, SOM ) & ; H,SO4-HCIO,
W f# D 52 4 & ( Total nitrogen, TN ) & & ;
H,S0,4-HCIO, ¥ fi#—4HBA T L (kI 2 4% ( Total
phosphorus, TP ) % & ; H,SO,-HCIO, JH fit— k4456
BE B G2 440 ( Total potassium, TK ) 4 ;
0.01 mol-L ™' AL FG IR . 4= [ shif sh o #r (3
& T A% ( Ammonium nitrogen, NHj-N) fll
fii 5 % ( Nitrate nitrogen, NO3 -N) %4, 0.5 mol-L™'
fie W2 &M 2 5 — BH B BT b 3k W E A R i
( Available phosphorus, AP) &% ; i €= He— Kk
Y66 B R A2 AL A (Available potassium, AK)
Tty KRRMRERIEE, A AR e
+ 33 P45 ( Exchangeable calcium, Ca) 538
8% ( Exchangeable magnesium, Mg) M&&H; &
TR AR, R A8 R s O 148
kL R A DL R
1.3.2 13 DNA ({425 FREL 0.5 g e FiLAb PR AY
+HERE S, 3 DNA R HURK ) & ( MoBio
Laboratories, Inc., Carlsbad, CA, USA) #&#/E
PA$E I 13 DNA I FH# R % 11 ( NanoDrop 2000,
USA ) il 7€ $2 HU i) 13 DNA BRI
1.3.3 - HEJfR G TR ER i Raes NSO
JI BRI 5E 2 18 Tao 252K Rf k. FrAsI
Y1k FOF1 #l FOR1, 5& 5 52 it PCR J W 3 20 pL

A% ) % 10 uLSYBR"Premix Ex Taq, 0.4 pL 5|%)
FOF1,0.4 pL 5|4 FOR1,0.4 uLROX Reference Dye,
2 pL it DNA fi1 6.8 uL ddH,0; #7475k )
5 B LA A BORLIEA T B BE AR R, SR T ABI 7500 2
JE T PCRAY, 4% HABRHERE I i UbR v 2 . PCR 47
HEREFF N : 95 °C WiAEME 3055 95 °C WiAEME S5, 60 C
SEAT 34 s, JHFR 40 W, BT AR BOE 3 DNIIKPAT,
LA ddH,0 U DNA BLHN BT B, AR A 254
CoME TR v T T & A A0 I B A #5 DU, JBOxT
BUE, Lhlg (copiesg ' dry soil ) 7R,
14 it

K Excel 2019 . 1BM SPSS 26.0 441 R i FH
“vegan” I “ggplot2” F& X B AT A BE AL
E3 I35 I R/ R N [ B X VA7 o (I N S RS NI
AbPRIE] GRS 9 25 5, R FHBC R UK 78 B8 AR A 3
( paired Wilcoxon test ) 4555 5 5 A< s 19 4 254
Z IRV B . IR STAS AR L SR AR bR S A 2
S, FIHARIBETH T “vegan” FEFFALUEAT HHERE T 57
g1 $8 5 1 E A2 45 43 #1 ( Principal co-ordinates
analysis, PCoA) , IR “ggplot2” P E#F1T
AL . AR ST M B o0 A B SR S AR ) A S R
IPRRIEZE SR, B RIES “vegan” By Alrh
“adnois” H1TAES B L K J7 22437 H7 ( Permutational
multivariate analysis of variance, PERMANOVA ) .
ARG T ISR 5 BRI 5 65k 7] T i 2 ) 1Y
KFHR, HRIBET “Vegan” FFUH “mantel” 4>
X T B A AR T TR S A 2 TR] R A DG
TR, RS A LS4 br 9 AR A i )T TR KO
ZIEER, R /K2 (Spearman ) #H5& X
FEP - S P A B ) R AR S A SR 2 )
HATHHOCHE T o O T AR ST RRME AR B AU [R] A HL )
i D] b T A% IR I B 5 AR AR DD TR I Y O
., R B R S ARG AT g%, IR R i
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2 45 R
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Fig. 1 Distribution (a) and comparison (b ) of the number of F. oxysporum in the soils sampled from symptomatic and non-symptomatic

banana plants

A FEARL R L 1 X R AG I S AR AR D T, AR
FITE 3.5~7.1; FERTINAE MY 270 4> H3ERE b, 258
A TR SRR SR ) A TE 4.0~7.0 Z[E), Sk
95.6% . WAk, FL X JE /R 7% v Ak o 45 SR ik — 20 R 1
A ] TR AR B A R L PR B E S T
HAR B AL 3,
22 EEITEFSHSEER

JIT A R 1 B8 5 R AR R R AR R - 3 R 40 4
P orman e 2 s SR IEAA VRS RS
W E R IES2M ( Kolmogorov-Smirnov 555,
P > 0.05) , Hr 95%0 L3RS A VLT & 24T
56~251 gkg' ZH . @ FRLT 029~
2.61 gkg ' Z Il AR IR+ pH, A R K
BEG SR IE S, P 95% A9 HHERE S pHL 4
R MRS NET 40~85, 036~
1.68 gkg' J2 40.5~381.0 mgkg ' Z ], [EFHTE =AY
&, lea N HIERMERY:, HpHAT 6.0 LT,
R SR BB 60.7%. HAbEIIE SR A
RO . A S R R IR RCR

R R TR S A AR FR M ( PCoA ) 45
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Fig. 2 Contents and distribution of measured nutrients in banana soils
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Fig. 4 Boxplots of measured soil nutrients sampled from symptomatic and non-symptomatic banana plants
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