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Abstract: This study aimed to study the effects of long-term grass planting on soil fertility, enzyme activity and micro-
bial diversity in tropical latosol soil, providing theoretical and technical support for improving the fertility and amelio-
ration of tropical latosol soil. Using clean tillage as the control and three grass-planting treatments were established:
Reyan No. 2 Stylosanthes (Re) and Ubon Stylosanthes (Ub) and natural grass (NG). Soil samples from 0-20 ¢cm and
20-40 cm layers were collected to measure soil organic matter, pH, nitrogen, phosphorus, potassium and related enzyme
activities. Utilizing a high-throughput sequencing platform to analyze soil bacterial and fungal communities, and inves-
tigating the effects of long-term orchard grass cultivation on the physical and chemical properties, enzyme activity, and
microbial diversity of latosol soil. Five years of grass cultivation significantly increased soil organic matter, total nitro-
gen, and alkali-hydrolyzed nitrogen. with higher levels in Reiyan No. 2 and Ubon treatments compared to natural grass.
Natural grass significantly increased total phosphorus in the 0-20 cm layer, while Stylosanthes treatments significantly
enhanced total phosphorus in the 20-40 cm layer. Long-term grass planting significantly increased urease, acid phos-
phatase, and sucrase activities in both soil layers, with no notable effect on catalase activity. The Stylosanthes treatments
showed higher urease, acid phosphatase, and sucrase activities than natural grass. Correlation analysis revealed that acid
phosphatase, urease, and sucrase were extremely significantly positively correlated with organic matter, total nitrogen
and alkali-hydrolyzed nitrogen. Acid phosphatase was significantly positively correlated with pH, while catalase only
correlated significantly with organic matter, alkali-hydrolyzed nitrogen. Long-term grass cultivation, particularly the
Ubon treatment, increased bacterial OTUs numbers in the 20-40 cm layer. Grass cultivation altered bacterial and fungal
community compositions. The dominated bacterial phyla were Acidobacteria, Chloroflexi, Verrucomicrobia and Proteo-
bacteria. In the 0—20 cm layer, grass cultivation increased the relative abundances of Acidobacteria, Verrucomicrobia
and Proteobacteria but reduced Chloroflexi. For fungal, Ascomycota, Basidiomycota and Mucoromycota were dominant.
Grass cultivation decreased Ascomycota abundance while increasing Mucoromycota. Soil environmental factors sig-
nificantly influenced microbial communities. Acid phosphatase, organic matter, urease and pH were key drivers of bac-
terial community changes, whereas organic matter, total nitrogen, alkali-hydrolyzed nitrogen, sucrase and urease pri-
marily shaped fungal community structure. Long-term grass cultivation in orchards, particularly Stylosanthes, significa-
ntly increased the organic matter, total nitrogen, and alkali-hydrolyzable nitrogen content in latosol soil. It also enhan-
ced the activities of soil urease, acid phosphatase, and invertase enzymes. Furthermore, it altered the community struc-
ture and diversity of both soil bacteria and fungi, thereby effectively improving soil fertility and ameliorating the soil
micro-ecological environment.

Keywords: orchard grass cultivation; Stylosanthes; tropical latosol; soil nutrient; soil enzyme activity; microbial struc-
ture of community
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Tab. 1 DNA PCR primers for soil microorganisms
I FF 2 519 S5I#FA (5-3")
Sequencing type Primer Primer sequences (5'-3")
IH7# 16S rRNA  341F CCTACGGGNGGCWGCAG
806R GGACTACHVGGGTATCTAAT
A ITS ITS1F GATGAAGAACGYAGYRAA
ITS2R TCCTCCGCTTATTGATATGC

1.3 EiEAbIE

% Jf] Microsoft Excel 2010 {5 B UG 5035
K FH SPSS 19.0 344775 25347, LA Duncan’s %
AT 22 5% B b, R A AUAE & Spearman AH ¢
SR HEAT A SR o RN S PR B AH S AT . SR
origin 2021 B /Rl Al . X ey 1 & 45 21 1 I b
AR T PRE . TR, BRI GIR, 153
ACTF S o IF-44 7 SIALE = 97% T3 IH 2
[f]— /25 ¥ E 0 ( operational taxonomic unit,
OTU) , FIf omicsmart F4 5341 F & #1754
YIRETE Z AR 5 A OGRS, R4 A e
A EBABEN T, b LIERCE YIRS SR A



55114

AR TT A5 Pl TSR Bl ) A Bk SR A | B A SRR ) 2 R Y S 2805

ERLCLIES €

2 HEREHMH
21 AEEELE TEEA RO Mm
% 2 nln, BEE L ZWENS N, H3EE
MU, 2%, WA . AU . A &R
PR ARALBE A IR 5 & 7E 0~20 cm Al
20~40 cm +EWFEREES, Mt pH 257
ANEBE, 7£0~20cm +)Z, 5 CK ML, Re. Ub
NG AP A LTS 240 ) B 5 3 = 54.7% .
37.0%F1 24.6%, HA Pl Re 40 A HLIE & i
B, BFEET Ub FING LB, H Ub AFEHA HL
T BEST NG; 1F 20~40cm T2, 5 CK
FILE, Re. Ub 1 NG AbBE A LT & B4 5 8 %
P 28.0% . 42.6%A01 24.7%, L Ub AbHEAYA HL
e, WEE T Re fl NG &b, 1 Re Al
NG AP [E] A LT & i 25 7 A 3 . 76 0~20 cm
+)Z, 5 CKAHIL, Re. Ub Fil NG Ab3 ) £ 48 4>
REEWEERS, 2l#E 52.2%. 39.1%.

15.2%, H 3 A AbHEE 255 535 20~40 cm
+2EF, 2RGTENEEHE 0~20 cm HF,
Ay EE CK 341 19.3% ., 18.1%F1 1.2%, H: Re.,
Ub Zb Y 2R 5 & & = T CK il NG. Bl A
RN BRS2SAEEM, 7E0~20 cm +)Z,
Re. Ub F1 NG 4k 35 (% B it &L & 1t 70 ) 88 CK #2555
40.4%. 31.8%F0 8.7%, Re. Ub AbFH iy hil fit & &
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30.3%, o Ub il NG 2b B 2SR B E ST
CK, 0~20cm +JZH, 5 CK #lk, Re. Ub Fl
NG e & nlitm 57.8%. 21.0%H
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Tab. 2 Soil physicochemical property under different grass treatments

T2 bR AHLE B 2 Exa Rk 2
Soil layer/cm Treatment SOC/(g-kg™) TN/(g'kg™) TP/(g-kg™") TK/(g'kg™) AN/(mg-kg™)

0~20 CK 5.00° 17.50¢ 0.92¢ 0.76° 1.94° 107.4°

NG 5.09" 21.80° 1.06° 0.97° 2.53° 116.7°

Re 4.96" 27.70° 1.40° 0.75° 3.06" 150.7°

Ub 4.99" 23.97 1.28° 0.77° 2.34° 141.5°
20~40 CK 4.85° 13.23° 0.83° 0.62° 3.23* 89.7°

NG 4.76" 16.50° 0.84° 0.80° 2.44° 102.1%°

Re 4.81° 16.93° 0.99* 0.70" 2.54° 150.0°

Ub 4.86° 18.87° 0.98° 0.80° 2.39° 111.0°

e FSIAFR/NE FREFRR R — LR AR B 22 5 2 2% (P<0.05) .

Note: Different lowercase letters in the same column indicate significant difference between treatments at the same soil layer (P<0.05).
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Fig. 1 Soil enzymes activity under different grass treatments
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Tab. 3  Correlation between soil nutrients and enzyme activities

BN oH A LB EA e =l R RRVEBERREE  RERERG REE OSELER
Index socC TN TP TK AN ACP sC UE CAT
pH 1

socC 0.341 1

TN 0.291 0.902™ 1

TP 0.093 0.344 0.252 1

TK -0.190 —0.057 -0.016 —0.181 1

AN 0.282 0.892" 0.956" 0.232 0.002 1

ACP 0.526" 0.868" 0.891" 0.197 -0.056 0.851" 1

SC 0.022 0.760™ 0.827" 0218 0.040 0.804™  0.748" 1

UE 0.117 0.845™ 0.907" 0.298 0.023 0.921"  0.785™ 0.907" 1

CAT 0.194 05517 0.393 0.157 -0.298 0.472"  0.340 0.269 0.376 1

E: FRBENRE (P<0.05); “FRWBBFEMRE (P<0.01).

Note: " indicates significant correlation (P<0.05); " indicates extremely significant correlation (P<0.01).

A 0~20 cm
Re Ub

CK

B

CK

20~40 cm
Re Ub

2 FAREEAEIRMAE OTUs HHFRE

Fig. 2 Distribution of OTUs of soil bacteria in different grass treatment

0~20 cm
NG Re

20~40 cm

NG Re

3 AREEEAETEER OTUs 7HmFRE
Fig. 3 Distribution of OTUs of soil fungi in different grass treatment
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20~40 cm )2 A% - 35 20 TR R 5 AN SF B HE 44 T
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Fig. 4 Relative abundance of soil bacterial phylum levels under different grass treatments
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A:0-20 cm; B: 20-40 cm.
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Fig. 5 Relative abundance of soil fungal phylum levels under different grass treatments
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Shannon. Simpson fEECHHEIE ZHEMEFS L. 45

U, 8 2 A A A %) 4 TR A 5 R X R T
98% ., 15t IH - 18 40 BT 0 e A5 4l T A Ry 4 T AR R
TR S A E A A . 0~20 cm 1 )ZHT, Re

ALY 34N Shannon 580 E KT CK. NG,
Ub 4bFH, Re ZbFHIY) Ace $5 500 % KT Ub 4b ¥,
5 CK NG Ab3#[a] 22 5 A 8.2 . 20~40 cm + )2,
NG KPR+ BN E Ace H880 W Z (KT CK. Re
F1 Ub 4bFH; Ub AbFHf¥) Shannon, Simpson F5%
e, B R THALH; W H Ub 4b 3% Chaol
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R, W T NG 4F, 5 CK Fl Re Ab3
ERARE (K4),

A R0 B P R BB SR TR 99% L) b, Ui
- 458 BT AR W I B T 8 R 4 T Hb B R
BEE M A IA . 0~20 cm +JZH, Re 4bH
f) Shannon FE % . F X T CK, 5 NG. Ub 4b#
EFAEZE, Re ALFAY Simpson FEEUE EILT
CK FiI NG b3, 5 Ub 4b# 2 F AW ; Ub kb

PRI Chaol Fl Ace 485 f = , 3% 7= T Re 4L H,
5 CK I NG 4b 3 22 7 A8 1 %% ;20~40 cm )2,
A AL BB H A Shannon. Simpson fE#(EF AR
¥, NG AR ETH Chaol Fl Ace F8 5 &A%,
WEET CK. Re A1 Ub 43, FIAH:fEFAL
Xt 0~20 ecm )2 BB 1 3 5 A 2 R 5 ) 4K
K, X 20~40 cm + )2+ HEE PR 2 M
BN (FR5),

F4 FREBLEHTEMEE Alpha SREEIEH

Tab. 4 Alpha diversity of soil bacteria community under different grass treatments

Tz Qb3 ok Shannon 84X Simpson 8% Chaol 8%k Ace FEE
Soil ayer/cm Treatment Goods overage/% Shannon index Simpson index Chaol index Ace index
0~20 CK 98.58 8.67+0.13" 0.992+0.001° 2624.7+42 8" 2797.6+46.0"

NG 98.43 8.59+0.16" 0.991+0.001° 2611.7+188.7 2790.6+194.0°

Re 98.24 8.29+0.13° 0.990+0.001® 2453.3+210.3" 2625.4+228.2°

Ub 98.31 8.55+0.18° 0.987+0.001° 2694.6+99.9° 2894.3+113.1°

20~40 CK 98.51 8.06+0.06° 0.989:0.001° 2342.7+132.3% 2528.3+146.6°
NG 98.68 8.07+0.11° 0.989+0.001° 2094.7+43.6 2235.6+54.7°
Re 98.50 8.01+0.08° 0.989+0.001° 2289.1+2.5% 2481.2+12.1°

Ub 98.50 8.48+0.30° 0.992+0.002° 2460.3+131.5° 2627.6+153.7°

e FSIAF/NE FRFRR R — LB RAL B 22 5 2 2% (P<0.05) .

Note: Different lowercase letters in the same column indicate significant difference between treatments at the same soil layer (P<0.05).

£5 AEEHLEHTIBEE Alpha SHMEES

Tab. 5 Alpha diversity of soil fungi community under different grass treatments

+Z Qb FR bk Shannon F8%% Simpson 84 Chaol F5%% Ace fREL
Soil layer/cm  Treatment  Goods overage/% Shannon index Simpson index Chaol index Ace index
0~20 CK 99.80 6.04+0.37° 0.951+0.035° 774.6+53.7° 784.9+52.9%
NG 99.85 5.56%0.46™ 0.944+0.019° 779.0+14.8% 778.9+26.7%

Re 99.88 5.1240.66" 0.869+0.068° 741.9+£38.5° 743.9+33.4°

Ub 99.86 5.49+0.48% 0.926+0.043" 813.9+35.7° 814.9+£29.1°

20~40 CK 99.85 5.77+0.68° 0.938+0.040° 756.0£29.6° 759.6+36.6"
NG 99.78 5.7240.58° 0.947+0.034" 545.8+112.7° 553.6+111.3°

Re 99.76 6.61£0.29° 0.971+0.008° 770.0+27.1° 773.4+28.7*

Ub 99.85 5.76+1.03" 0.930+0.079* 787.0£34.0° 783.9+41.0°

e FSIAFR/NE FRERIR R — LB R B 22 5 2 2% (P<0.05) .

Note: Different lowercase letters in the same column indicate significant difference between treatments at the same soil layer (P<0.05).

244 RO EATE LEMAEMFE LML
Kb AT AHOCHE TR, BRATFETT (Acido-
bacteriota ) 511 pH 2 B E HAE, 5 ACP
EWEAMIE; S (Chloroflexi ) 5 115
UE. SOC. ACP, TN, SC B FHMHL, 5
TP, AN £ 1 3 TH5¢; ZF iR ( Gemmatimo-
nadota ) FIJEREE ] ( Firmicutes ) ¥J5 11 SOC .,
AN, TN, UE. ACP FlI SC & & 3 s b i 3 i H
7%, PEfLE ] ( Verrucomicrobiota ) 5 11 SOC

AN. TN, UE, ACP F1 SC 4 i # FAHE (K
6A ), M HIEANTR RS TS RS A 717
R KR, R T 0 AR n] DA 5
- A0 TR AN AT R 110 40 A FRE P 45 4 o il o A
YR AT R STk R R, +1 ACP. SOC.,
UE. pH J& 4 i i V& 25 A 1 R Z o mk I 7 (&
TA ).

XEWME, F2M] (Ascomycota ) 511
AN, UE. SC 2 W E M AHX, 5115 SOC., CAT
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ERFEAAEG; RMEME] (Entorrhizomycota )
5 TP 2B F1EM X ; P24 1] (Rozellomycota )
5 80C. AN, SC 2 BFEIEFHX, 5 ACP. UE
ERFIEM; BEH (Mucoromycota) 5 UE,

SC 2 EIEMX, 5 SOC., ACP. AN, TP £
WFEIEMRE, 5 TN 28 EFAME,; A

( Mortierellomycota ) 5 AN, UE., SC £} i & 1F

MK, 5 ACP BEFMKE (K 6B), SOC, AN,
SC. UE & HHEEp ) E 2T oTmk A 1, sTmkR
A 20.39% ., 23.75%. 24.33%. 20.05%, P
RS EEAZ SOC, AN, SC. UE Y
e (& 7B ),

Ascomycota

Kickxellomycota

Basidiomycota ¥ 0.50

Chytridiomycota 025
0

Glomeromycota Z0.25

Calcarisporiellomycota l ~0.50

Entorrhizomycota

Rozellomycota

Mucoromycota

Mortierellomycota

RSP S5

*FRBEMK (P<0.05); **FIRWIBEMK (P<0.01); *** TR BFE MK (P<0.001 ),
* indicates significant correlation (P<0.05); ** indicates extremely significant correlation (P<0.01);
*** indicates extremely significant correlation (P<0.001).

6 #ME (A) MEHE (B) NAFHEEMNS LHEFMEEFHEXME

Correlation of horizontal community structure of bacteria (A) and fungi (B) with soil environmental factors
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Fig. 7 Contribution rates of environmental factors by bacteria (A) and fungi (B)
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A1 20~40 cm + )2, #HF 2 SHATAHLTE 5250
A TE RGN 54.7% . 28.0%; Ubon H:AE R LG
TR R 37.0%F0 42.6%; HIRAEFAHLE S
MR 24.6%F 24.7%, X5 EFMED . x|
VERR PR BF T 45—k, ISR b K ) A B ]
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TR A S B RN FE 20~40 cm
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FEAEAE R AT DL S 4 G AT L B A
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PR ] 82 A 7[R b AL 1) 5 BT A R a1 AR T
AT A, SEmE S T R A S R
0~20 e - 219 BB S DL A AR A T,
A 2 SAEAEEL | Ubon FEAE B AN H 575 8F 22 7 A
W3 MAE 20~40 cm + )2, A FACBRAY 34
B S T, UM AR RS EAE K
BT R L RSO R T IAT &, e+
HEmE O R R, A SR AR RO R R R
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AR YE N T - ey & i, X—FREGERYE
VRE AR PR gt R —ak, el
LT E X, B A LIS, Ko g
B 5 PEER B A B R e, S B A R AR,
DR I 7 it 21 498 2R el A 3 0 v B A SR A
b7 AR Y, REK AR N T
0~20 cm HHEMY ISR, X5 EEMSEPW
o g R —3.
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