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Abstract: The purpose of this study was to investigate the mechanism and efficacy of Lvnonglin ®41 compound micro-
bial fertilizer in mitigating black pepper continuous cropping obstacles from the perspectives of soil nutrients, microbial
community structure and diversity, so as to provide technical strategies for the industrial cultivation of black pepper in
Hainan. Field experiments were conducted on a plot with a history of severe black pepper Fusarium wilt. Four treat-
ments were designed: water control (CK), Lvnonglin® 41 compound microbial fertilizer (LNL41), compound microor-
ganisms (CM), and bacterial fertilizer nutrient substrate (NS). The incidence of Fusarium wilt in the rhizosphere, plant
growth and soil nutrients were measured. Using 16S rDNA sequencing technology, the differences in the occurrence of
black pepper Fusarium wilt and the bacterial community structure in the rhizosphere soil under LNL41 application were
explored. The results showed that compared with CK, all treatments exhibited certain effects, with the LNL41 treatment
being the most effective. Soil nutrient indicators in the LNL41 and CM treatments were significantly higher than those
in CK. The increases in chlorophyll content, spike length and 1000-grain weight under LNL41, CM and NS treatments
reached 26.12%—67.87%, 6.20%—18.33% and 1.48%—6.44%, respectively. The incidence rates at different growth stages
in the LNL41 treatment were 2.67%—15.67%, with control efficacies of 81.64%—90.06%. The Ace and Chao1l indices of
rhizosphere soil bacteria increased by 12.82%—20.28% and 12.89%—18.78%, respectively, and the Shannon diversity
index increased by 1.05%—3.53%, while the Simpson index showed no significant difference among treatments. At the
order level, Chitinophagales, Rhizobiales and Burkholderiales were the dominant bacterial orders. At the genus level,
Gaiella, P3OB 42, Lactobacillus, Pseudolabrys and Terrimonas were the dominant bacterial genera. The abundances of
the common dominant genus Bacillus and Candidatus Omnitrophus were similar across treatments. Linear discriminant
analysis (LEfSe) results indicated the presence of six indicator bacterial taxa in the LNL41 treatment. Ellin6067 and
Tepidisphaera showed significant or highly significant positive correlations with soil pH, organic matter, available po-
tassium, ammonium nitrogen and available phosphorus. Network analysis further revealed that the LNL41 treatment
enhanced the complexity and stability of the soil bacterial co-occurrence network. Bugbase functional prediction dem-
onstrated that the abundance of stress tolerant functional groups in the LNL41 treatment increased by 5.38 percentage
points, while it decreased by 10.43 and 7.25 percentage points in the CM and NS treatments, respectively. LNL41 sig-
nificantly improved the ratio of soil nutrients, thereby enhancing the structure and functional characteristics of the soil
bacterial community, stimulating bacterial stress tolerance functions, promoting black pepper growth, and reducing the
incidence of Fusarium wilt.

Keywords: Lvnonglin® 41 compound microbial fertilizer; black pepper Fusarium wilt; soil; bacteria community; struc-
ture; function
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Tab. 1 Soil nutrient content in black pepper roots under different treatments

b3 AL BER

s

Treatment OM/(g-kg™) AN/(mg-kg™) AP/(mg-kg™) AK/(mg-kg™) pH SY /%

CK 12.53£0.31° 35.90+2.72° 143.33+4.65° 246.00£6.19° 5.40£0.10° 0.19+0.01°
LNL41 17.00+1.15% 59.87+3.44° 187.67+8.41° 317.67+6.44° 6.20£0.10* 0.12+0.01°
CM 15.63+0.74% 49.57+3.76° 159.67+4.51° 304.40+9.89° 5.90+0.30% 0.15+0.02°
NS 13.70+0.46" 42.20+1.95° 151.07+2.27* 267.93+7.14° 5.43+0.25° 0.16%0.01°

E: FARNG FRFRRZEFEE (P<0.05) .

Note: Different lowercase letters in the same column indicate significant difference (P<0.05).

22 AEIALIEXTEAMA KT & m R A 220
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R, 5 CK ML, &M EAIEHRAN
LNL41>CM>NS, £#AbBRSEE &, KA
T 5T 1 19 W 4 95k 26.12%~67.87% . 6.20%~
18.33%F/1 1.48%~6.44%. S ALFRAGI-LRE S B %
S 3% CK .LNL4L1 F1 CM b F i fl K 25 55 i 3%
M CK 5 NS, CM 5 NS Z A iU K 22 2 A WL 3%
CK . LNL4L F1 NS &b k7 i & 25 5 B 3%, 1M

LNL41 5 NS, CM 5 NSAH KTk fife £ %A
WE(F2),

T Ao 9 A A [R] AL BN (] A 3 ARUR 25 9
RGBT A, 5 CK L, &Ab3Ef 5%
YEHI K LNLAI>CM>NS, 16 =460 . 1R .
THE SRS 0 B I 5 A B 0 3 N B 5 3436 )
EXS AN IR RIE 530 R 2.67%~14.33%,
6.33%~28.00% ., 11.67%~49.67%#!l 15.67%~66.67%,
B 50 3k 47.19%~90.06% . 38.34%~85.94% .
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Tab. 2 Effect of different treatments on the growth of
black pepper plant in field

AbHR Sy [E3IS TRLgT it
Treatment Chlorophyll/SPAD Ear length/mm Thousand seed eight/g

CK 30.50+2.69° 66.79+2.32° 53.77+1.76°

LNL41  51.20+1.40° 79.03+2.15° 57.23+1.19°

CM 44.03+2.18" 73.90+£3.22° 56.50+0.96™

NS 38.47+2.30° 70.93+1.99™ 54.57+1.01°

: FSIAF/NG FhERR2ZER B (P<0.05)

Note: Different lowercase letters in the same column indicate
significant difference (P<0.05).
34.52%~84.50%71 21.91%~81.64% ( £ 3) .
23 ARLEZEEABIRGRHEER a. p ZHMHE
Vil

Rk 4 nlF, FKAA0PRET R (coverage)
JolE 2R, JEFCH 0.9498~0.9606, Ui AbFEfY

FEA OTU BT AR, AR H )5 Ak
FARME, AW FEs KA RA L T iE
VEEARURR IR - R0 TRV 1) FL S

5 CK AL, LNL41, CM F1 NS 4bHE )4 Fk
F= EEFEARRFIE L L ACE 54K . Chaol 45 %11 Shannon
B IR T 15.08%~25.53%. 12.82%~20.28%.
12.89%~18.78% 71 1.05%~3.53%; CK % LNL41
AL FRAYFENEZL . ACE #8481 . Chaol $5%4 il Shannon
e 2EREE; CK 5 CM, CK 5 NS A3 4
fE%% Feature, ACE F5%F1 Chaol #8422 5+ W % ;
LNL41 5 CM L H R 1E%L . ACE 5% Chaol
B EF AT E; LNLAL 5 NS A BAENESL
ACE #8%4 1 Shannon #5422 R % ; CM 5 NS
AL FRAY ACE 485025 57 b 35 ; 45 AL BRI Simpson $&
HESARE (F4) .

R3 FARELEXNAEEERRBRHERERERB LRI

Tab. 3 Effects of different treatments on the incidence and control effect of black pepper

Fusarium wit at different growth stages

FAEH] Flower stage

i K3 Expansion stage

FEH ] Grouting stage

ALY Maturity stage

Treatment Disease Control Disease Control Disease Control Disease Control
incidence/%  efficiency/%  incidence/%  efficiency/%  incidence/%  efficiency/% incidence/%  efficiency/%
CK 27.33+4.51° 45.33+3.06% 76.00+4.36° 85.33+2.08%
LNL41 2.67+0.581 90.06+2.86% 6.33+2.52¢ 85.94+5.622 11.67+3.21¢ 84.50+4.90° 15.67+3.51¢ 81.64+4.022
CM 8.33:1.53° 69.18+6.03° 20.67+1.53°  54.19+5.82" 20.33+3.21° 61.15+6.66° 40.33t4.16° 52.78+3.92"
NS 14.33+2.52° 47.19+8.22°  28.00+3.00° 38.34+2.62° 49.67+2.08° 34.52+4.25° 66.67+3.51° 21.91+2.28°
I FSIAFE/NGFERR2ERB#E (P<0.05) .
Note: Different lowercase letters in the same column indicate significant difference (P<0.05).
x4 o BHEEREHST
Tab. 4 « diversity index statistics
KEFE Treatment FHE%L Feature ACE Chaol Simpson Shannon 7 55K Coverage
CK 1706.33+57.95° 2383.11+51.21°  2347.26+109.92° 0.9955+0.00% 9.1621+0.14° 0.9498+0.00%
LNL41 2142.00+3.61% 2866.46+22.98% 2788.01+39.11% 0.9964+0.00% 9.4859+0.04% 0.9570+0.00%
CM 2094.67+74.45% 2821.87+49.92°  2781.99+68.86% 0.9957+0.00° 9.2871+0.02° 0.9606+0.00%
NS 1963.67+131.56" 2688.58+32.56°  2649.82+55.97° 0.9958+0.00° 9.2581+0.06" 0.9567+0.00%

E: FFARNG FRFRRZEF B (P<0.05) .

Note: Different lowercase letters in the same column indicate significant difference (P<0.05).
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