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Abstract: The comprehensive effects of different fertilization treatments on soil fertility, enzyme activity and microbial
community structure in rubber plantations were systematically investigated to provide a theoretical basis for sustainable
nutrient management of rubber plantation soils. Using the rubber clone Reyan 7-33-97 as the research subject, five
treatments were set, no fertilization (CK), conventional chemical fertilizer (CF), organic-inorganic compound fertilizer
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(OF), and two slow-release fertilizers with different release ratios (SF 25% and SF 50%). Soil chemical properties, en-
zyme activity and microbial community structure were measured to systematically explore the relationships among the
factors. Compared with CF, OF treatment significantly increased soil organic matter (35.40%), available phosphorus
(40.00%), pH (10.86%) and urease activity (54.84%). SF 25% significantly increased available phosphorus (43.00%)
and catalase activity (19.23%). The available phosphorus content in SF 50% treatment showed no significant difference
from CF, but was significantly lower than that in OF and SF 25% treatments. Microbial community analysis revealed
that there were no significant differences in bacterial and fungal a-diversity across the treatments, but f-diversity analy-
sis showed that fertilization treatments had a significant effect on the fungal community structure. Furthermore, both OF
and SF 25% treatments significantly increased the relative abundance of Acidobacteria (93.47%, 64.58%), Chujaibacter
(351.56%, 222.53%) and Ascomycota (38.43%, 11.13%) while decreasing the relative abundance of Rozellomycota.
The SF 50% treatment significantly decreased the relative abundance of Glomeromycota (53.70%). In conclusion, or-
ganic-inorganic compound fertilizer (OF) and slow-release fertilizer (SF 25%) were more effective in improving soil
fertility, enzyme activity and microbial community structure, and can be recommended as fertilization strategies for soil
health management in rubber plantations.
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nity structure
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Tab. 1 Types and amount of fertilization with each treatment
3 1 bkt ] i 9 J1 Bkt ] i
Fertilizer application amount per plant in March/g Fertilizer application amount per plant in September/g
4b 3 fls A FHHLTHEIR ol FHHLLEHER
Treament prge g PRCH BUCR B (12:657) L Lo BRSH RIH B (7:6012)
- Urea Diammonium Potassium Organic-inorganic - Urea Diammonium Potassium Organic-inorganic
Coated phosphate  chloride compound Coated phosphate  chloride compound
urea fertilizer 12: 6 :7) " o0 fertilizer (7 ¢ 6 : 12)
CK 0 0 0 0 0 0 0 0 0 0
CF 0 157.37 97.83 87.50 0 0 75.85 97.83 150 0
OF 0 0 0 0 750 0 0 0 0 750
SF 25%  52.33 108.46 97.83 87.50 0 30.52 47.32 97.83 150 0
SF 50% 104.65 59.55 97.83 87.50 0 61.05 18.78 97.83 150 0

122 #smR%E B AT 2020 4F 3 H
Jite AL TSR A , SRARE B LAt AU o A Al i A7 A BURE:
A, RHERAERIE K 0~20 cm, BRI AL B X SR
I “S” BURAE S AL, REETHEL 1000 g, BRak
FRFRA, R EIRA R 2 mm §ii 5430 2
5y, — 4 F-80 'C, ATHELE DNA A
PCR ¥"#; H—MrE N HARKT 51T L3R {L
P 5E

1.23 XA B (1) :HEFEAH P B A+ 35
FEIGFEARIN S o IR PRALFEAR[ 2R (TN),
W (TP), 28 (TK)., ALK (OM ), #fE A
(AN), #H&HE (AP), AR (AK)., iHEILE
(CAT). FEMERESG (Inv). JREE ( Urea ). fHMAR
G (NR ), FRHEBERRE ( ACP) JE S R (£
gl btk ) U, 3 pH R K
B, KAk 2.5 01, A LR &R AR
ek, AR E R, SEMAE R
K E SRR s Mk, SEACET R FH LR R 1R
JELF IR ISR I S B v o TR B S 1R A 3,5- gk

KGR H ek, IREE S MR T Be W e B3k, BRI
TR B IR R it ek, o A A A S R
o i PR A o T, S RS i T PR I — B R L
it

(2) THEEMU/EY) DNA 28U m il T
B Rk 2 LR ) AR W B 2R R A R F
SE G o A S 1 ) e R S A
M DNA, Ll 343F: 5-TACGGRAGGCAGCAG-3'
1 798R: 5-AGGGTATCTAATCCT-3"X5|¥¥"
M 16S rRNA JEN V3~Vv4 X751, LU
ITSIF : 5-CTTGGTCATTTAGAGGAAGTAA-3'
M ITS2: 5'-GCTGCGTTCTTCATCGATGC-3"H
1YY BB ITS ¥4 . H#8 PCR KR : 2xGflex
PCR Buffer 15 uL, 1E [/ A 851 #4% 1 uL, DNA
AR 1 pL, Tks Gflex DNA Polymerase (1.25 U/uL)
0.6 uL, #Ja HIGH K (ddH,O ) #h 22 30 L,
PHERY . 94 CHIZEYE 5 min; 94 CAZPE: 30 s,
56 ‘CiR:k 30 s, 72 ‘CiEfi 20 s, FiffT 26 M1
Wy 72 CHAGEM 5 min; 4 CHEAE. 55 %10



650 o AE A F AR

5475

PCR DS —% PCR By 4k ™ 9 Al B 50 ng ),
% "% PCR A& . 2xGflex PCR Buffer 15 pL,
Tks Gflex DNA Polymerase (1.25 U/uL) 0.6 pL,
Adapter I5 1 Adapter 17 4% 1 uL, FH K /K( ddH,0 )
R E 30 pL Y I RR)T 94 CHIUZEM: 5 min;94 C
AP 30s, 56 Tk 30s, 72 ‘CHE# 20s, Fhjk
177 MG 72 CHRASEM 5 min; 4 CLRAF. 37
Wy 2zt a5, i Tlumina MiSeq 72 18 5
JPE B AT, ffiH Greengenes il Unite £l
AP e e X s T
1.3 HEsE

RIS EHE R Excel 2010 #AF#4T58 114
Br, RH SPSS 27.0 #f4xF - IEIALMETT . o 2
FEMEFR B AT A R 7 22 081 ( ANOVA ) FIXE
H % (Duncan’s test) Z 8 WM. # R
AW =G 58 BARE . SRS T S
21l

2 HERE55W
21 A[EHERE AL 2 X 4 158 18 40 1 R B =2 i

Y % 2 AT, AN [ it A Ak B G S e AR T A el
TR IR ME R . 5 CK A EL, BT A it AT AL B 44

Pewm T A A S, RIRA AL 4
A WA . 2. HAM S WA IRT, &
A i IE 2 i ISR Ik s i RS . 5 CF
FHEEG, OF AbF I 545w 1 5 HLBTRI A 250k
T, EERE T 35.40%F1 40.00%., ZEREIE SF
25% A0 HL A RLBE  Eh 292.28 mg/kg, B CF
IR T 43.00%, SF 50%A0 BEAY M & B R,
HHAXMBS RS CF L E£%, HEHKT
OF #1 SF 25%4t# . OF &b PHAHLE CK #1 CF 4b 2
WERE T pH, T 2 AhRRE 0 22 B AR
XF 1 pH A, {25 CK Fl CF MHELARFE
M EEES,
2.2 A[EHEAEALIE 3T+ EEE 1 B 20

FHER 3 AT, I P G AN ] it S Ak 38t
Wi 3 ELAT 8 B SR . SF 25% A T ) T s A1 IR
il i M B A IR AL B i, B CF b3y 5]
BT 8.02%A1 74.19%, 5 CF AbFEAH L, OF Ab
P R TR TR W IR I RDR S M, RS 4 )
R 42.31%F1 54.84%. AN, SR (SF 25%.
SF 50% ) AbPH & 3 & T o A AL A TG
A BN AL B HE R T RS R A R TR M, (AN
[F] il S Ak B 2 i) G b 5 25

R 2 FEMEAEALIE T EARIE NS R LB

Tab. 2 Comparison of basic chemical properties of soil under different fertilization treatments

b B A B £ e g Tl A B BB
Treatment pH Organic matter/ Total Total P Total K/ Alk.-hydr. N/ Available P/  Available K/
(gkg™) Ni(gkg)  /gkg™) (gkg™) (mg'kg") (mgkg") (mg'kg™)

CK 4.97£0.01°  16.31+0.65°  0.86+0.02°  0.46+0.01°  28.00+1.28° 60.26+8.38"  106.71+1.49° 133.61+0.76"
CF 4.88+0.05°  17.14+1.18°  0.98+0.10°  1.73£0.10°  29.32+1.33%  64.36+6.69"° 204.58+27.74° 233.26+66.97°
OF 5.41+£0.23*  23.21+1.08°  0.9240.07°  0.73+0.08°  28.63+0.71° 68.86+4.73*  285.65+18.52% 205.47+28.62%
SF 25% 5.01+£0.16°  17.34+1.72° 1.05£0.20*  1.87+0.12*  30.24+£0.55® 69.20+0.74*  292.28+15.70* 197.27+47.49*
SF 50% 5.2140.44%®  17.75+2.45°  0.98+0.26°  1.79+0.21°  31.28+0.61°  65.20+0.90® 163.76+48.71° 166.10+48.14

A PR R/NG RN 25 B3 (P<0.05) .

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

R 3 AEMEAEANIE X5 E + AR AR

Tab. 3 Effects of different fertilization treatments on soil enzyme activity in rubber plantations mg/(g-d)

Qb 38 FEE G i P Wt R i Ji Pt o S U il R 340 5 i
Treatment Invertase Acid phosphatase Urease Catalase Nitrate reductase
CK 2.09+0.17° 0.95+0.20% 0.79+0.19" 1.24%0.07° 1.93+0.30°
CF 3.49+0.23% 0.78+0.15° 0.62+0.08° 1.56+0.10° 2.56+0.19°
OF 2.55+0.24" 1.11£0.12° 0.96+0.06" 1.39+0.05° 2.16£0.35®
SF 25% 3.77+1.19° 0.56+0.10° 1.08+0.06" 1.86+0.03" 2.3240.26™
SF 50% 3.28+0.64% 1.13+0.11° 0.88+0.19" 1.92+0.09* 2.51%0.18°

I FPURF/NG 53R 22 5 B3 (P<0.05) o

Note: Different lowercase letters in the same column indicate significant difference (P<0.05).
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Tab. 4 Analysis of soil microbial diversity of different fertilization treatments

Chao 1 #8%% Chao 1 index

- Z% 48 8L Simpson index

A F8 % Shannon index

Rb 3
Treatment 44 Bacteria HE. I Fungi 4 Bacteria H. I Fungi 4 Bacteria H. 1 Fungi
CK 3216.65+87.61° 1217.72+116.73° 0.9966+0.0004* 0.9772+0.0145 9.51+0.20" 7.15+0.55%
CF 3122.44+190.47° 918.45+157.21* 0.9957+0.0005* 0.9053+0.0917% 9.33+0.32% 5.88+1.15%
OF 3117.76£270.36" 954.70+143.25% 0.9948+0.0018* 0.9610+0.0297* 9.42+0.32% 6.47+0.64%
SF 25% 3204.91£188.49° 1082.88+143.99° 0.9961+0.0007* 0.9105+0.0857* 9.53+0.37° 6.15+1.13%
SF 50% 3084.94+103.38" 997.04+29.78" 0.9958+0.0003* 0.8985+0.0853" 9.31£0.11° 5.64+1.00*

I FPURF/NG 53878 22 5 3% (P<0.05) .

Note: Different lowercase letters in the same column indicate significant difference (P<0.05).
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Fig. 1

PCoA (principal coordinate analysis) of bacterial (A) and fungal (B) communities under

different fertilization treatments
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Fig. 2 Community distribution and composition of bacteria phyla (A) and genus (B) under different fertilization treatments
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Fig. 3

Differences in the relative abundance of dominant bacteria phyla (A) and genus

(B) under different fertilization treatments
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