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Abstract
Tropical rainforest soils, or latosols, are distinguished by their low pH and low fertility. In orchards, co-cultivating 
grass has become popular as a way to improve soil quality and boost fruit production. Nevertheless, insufficient 
information is currently available about the response of soil microbial communities in tropical rainforest orchards to 
grass co-cultivation. Therefore, the present research investigates the effect of grass cultivation on the soil properties 
and microbial diversity of guava (Psidium guajava L. cv Pearl) latosol orchards. Two varieties of the tropical legume 
grass Stylosanthes guianensis, i.e., Reyan No. 2 and Ubon, were studied, besides the control (CK), which is without 
any grass, and the natural grasses treatment (N). The study contained four treatments, i.e., S. guianensis cv. Reyan 
No. 2, S. guianensis cv. Ubon, CK, and N. Soil samples from the top layer (0–20 cm) and subsoil layer (20–40 cm) 
were collected to follow the changes in soil microbial biodiversity based on 16 S rDNA analysis. A total of 17,231 
kinds of OTUs (Operational Taxonomic Units) were obtained, including 17,165 kinds of bacteria and 66 kinds of 
Archaea. S. guianensis cv. The Ubon variety, natural grasses, and CK treatments significantly increased the soil 
microbial richness and evenness in the topsoil layer compared to Reyan No. 2 variety. The β-diversity of soil 
microbial community was significantly reduced in the natural grasses and Ubon variety treatments at the topsoil 
layer compared to CK treatment. In the subsoil layer, natural grasses, Reyan No. 2, and Ubon treatments significantly 
increased the soil microbial community based on β-diversity. The presence of natural grasses caused 49% and 42% 
increases in the SOC in the top and subsoil layers, respectively, as well as remarkable increases in the available and 
total soil nitrogen. The grass intercropping enhanced the levels of soil carbon and nitrogen and altered the nature 
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Introduction
The cultivation of grass in orchard fields is a method that 
was created in the middle of the 20th century as a sus-
tainable management model and offers several positive 
ecological and economic benefits [1]. Grass cultivation 
technique has the characteristics of being compatible 
with nature, comprehensively improving the production 
capacity of orchards [2, 3]. Clean tillage is still a com-
mon management technique even though growing grass 
in orchards is a useful tool for sustainable development 
[4]. Fruit orchards are an essential part of agriculture 
and have expanded by almost 22% in the last ten years 
to meet the growing demand for fruit consumption [5, 
6]. Improving orchard management is urgent in order to 
facilitate carbon sequestration and improve soil health 
[7]. Maintaining grass cover in orchards has been dem-
onstrated to raise the SOC content, promote healthy soil, 
and eventually increase fruit production [1, 3, 8]. Grow-
ing grass in orchard could increase porosity, improve soil 
structure, and enhance nutrients availability [1]. Once 
grass is grown in an orchard, the number of probiotics, 
enzyme activity, and soil microbes can all rise consider-
ably [9–11]. Soil health response of tropical and sub-
tropical orchards to the grass cultivation is unknown and 
requires more experimental scientific research to dis-
cover the best types suitable for this unique type of soil.

Soil microorganisms influence soil ecosystems and 
affect a large number of vital ecosystem processes, 
including soil energy flow, element cycling, mineraliza-
tion and decomposition of SOC, and the supply of essen-
tial nutrients for crop growth [12, 13]. At least 25% of all 
biodiversity on Earth is found in soil microbiome [14]. 
There are tens of millions of species of microeukaryotes, 
viruses, bacteria, and fungus in the world; just a few hun-
dred thousand of them have been fully studied [15]. In 
earth’s ecosystems, their biomass, diversity, and activity 
serve as sensitive markers of soil productivity, quality, 
and sustainability [12, 13]. Changes in plant biomass and 
species are expected to affect the activity and abundance 
of microbial functional groups since different plants have 
distinct physiological traits [1, 11]. Plants create distinct 
microbial communities in soils at varying stages of deg-
radation by controlling microorganisms through lit-
ter and root exudates [11, 16]. Studies have shown that 
interplanting grass has a significant effect on the struc-
ture and function of soil bacteria, including community 
diversity and carbon metabolism-related activities [2, 17]. 

Nonetheless, the different types of grass interplanting 
have distinct effects on the composition and capabilities 
of the soil bacterial populations [1, 10]. Thus, it is cru-
cial to comprehend the effects of sowing grass in a guava 
orchard on soil nutrients and the variety of the bacterial 
population in order to manage tropical latosol orchards.

The tropical soils formed under hot and wet tropical 
conditions causing intense leaching, depleting essential 
cations such as calcium, magnesium, and potassium, 
while leaving iron oxides as the dominant compounds 
[19, 20]. This process has contributed to extreme acidity 
and low organic carbon levels, posing significant chal-
lenges for tropical soil management and fertility [19, 
20]. The effect of grass cultivation on most of the previ-
ous studies conducted using ryegrass, Leymus chinensis, 
white clover, and animal forage plants under alkaline soils 
of non-orchard field [11, 18]. Stylosanthes gianensis, as 
an excellent perennial leguminous forage, is widely culti-
vated in tropical regions in China [19, 20]. The impact of 
S. gianensis will have on soil microorganisms in tropical 
latosol soil orchards has not been reported. We hypoth-
esized that different types of grass cover changed the 
compositions of the soil microbial communities in lato-
sol orchards; furthermore, these changes may have been 
linked to soil characteristics. Consequently, the goal of 
this research is to explore the soil microbial community 
using the 16 S rDNA high-throughput sequencing tech-
nique to understand the significance of S. gianensis and 
the natural tropical grasses on the soil microorganisms. 
Moreover, the study aims to provide theoretical guidance 
for the use of grass cultivation on soil improvement and 
sustainability of latosol orchards.

Materials and methods
Site and design of the experiment
The experimental site is situated in a guava orchard 
within the experimental base’s orchard (110° 28 E, 21° 
16 N) of the Institute of South Subtropical Crop Research 
in Zhanjiang, Guangdong, China. The Zhanjiang region 
is subtropical, with very mild winters and a hot, humid, 
and rainy summer with an average annual precipitation 
of 1795  mm. Supplementary Figure S1 shows the main 
climate conditions. The tested latosolic soil has a pH 
value of 6.74 in 0.01  M CaCl2 and contains 11.05 and 
1.1 g kg− 1, respectively, of organic carbon and total nitro-
gen. The concentrations of the available nitrogen, phos-
phorus, and potassium are 100, 9.20, and 200  mg kg− 1, 

of the soil’s microbial community. The diversity of soil microorganisms in the subsoil layer is significantly altered by 
the shallow root systems of tropical legume and natural grasses, which have most of their roots concentrated in 
the top soil layer. Overall, growing grass in tropical orchards benefits the latosolic soil microorganisms, which has 
enhanced the theoretical underpinnings for using grass to improve the soil quality in latosols orchards.
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respectively. The seedlings of guava (Psidium guajava L. 
cv Pearl) were cultivated in April 2016 at 2.0 m × 3.0 m 
spacing. Two varieties of S. guianensis, i.e., Reyan No.2 
and Ubon, besides the natural grass, were cultivated at 
the same time in the experimental field. The natural grass 
treatment is a natural weed in guava fields in the Zhan-
jiang region and consists mainly of Eleusine indica (L.) 
Gaertn, and Echinochloa crusgalli (L.) Beauv. The source 
of all the tested plants used in this study is the Institute 
of Tropical Crops Genetic Resources, Chinese Academy 
of Tropical Agricultural Sciences, Hainan, China. S. guia-
nensis cv. Reyan No. 2 and S. guianensis were cultivated 
at a seeding dose of 10 kg h− 1 [21]. Compound fertilizer 
was applied by drip irrigation four times a year, and the 
fertilization was located on the tree disk Fig 1.

The tested treatments were S. guianensis cv. Reyan No. 
2 (represented by E), S. guianensis cv. Ubon (represented 
by F), natural grass (represented by N), and clean tillage 
treatment (represented by CK). Each treatment con-
sisted of 6 lines, and each line represented an experimen-
tal plot of 2.0 m × 15 m. A randomized complete block 
design (RCBD) with five replicates was used to set up the 
experiment. Twice a year, the grasses in the E, F, and N 
treatments were mowed; the clipped grasses were then 
dispersed along the guava rows. Monthly weeding was 
done in the control treatment (CK) to maintain a clean 
cultivation throughout time. The soil samples were col-
lected in October 2018. Soil samples were randomly col-
lected from the experimental plot at two different depths 

(between 0 and 20 and between 20 and 40 cm). Each sam-
ple consisted of three sampling points. Once the samples 
were gathered, they were promptly preserved by freezing 
them in liquid nitrogen. Subsequently, the frozen samples 
were sent to the laboratory for further investigation.

Experiment procedure
Basic soil analysis
The soil pH, organic matter, total and available N, P, and 
K were determined according to the method of Lu [22].

The extraction of DNA and amplification of PCR
Following the manufacturer’s instructions, microbial 
DNA was extracted from the soil samples using the soil 
DNA Kit (FastDNA® Spin Kit for Soil MP bio U.S.). The 
Eukaryotic ribosomal RNA gene’s 16  S rDNA V3-V4 
region was amplified by PCR using primers 341 F, which 
is CCTACGGGNGGCWGCAG, and 806R, which is 
GGACTACHVGGGTATCTAAT. The PCR was con-
ducted for two minutes at 95  °C, followed by 27 cycles 
at 98 °C for 10 s, 62 °C for 30 s, and 68 °C for 30 s, and 
a final extension at 68  °C for 10 min. The barcode is an 
eight-base sequence specific to each sample. PCR experi-
ments were carried out in triplicate using a 50 µL mix-
ture that included 1 µL of KOD Polymerase, 5 µL of 2.5 
mM dNTPs, 1.5 µL of each primer (5 µM), and 100 mg of 
template DNA.

Fig. 1  Site and treatment
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Illumina Hiseq2500 sequencing
Following the manufacturer’s recommendations, ampli-
cons were extracted from 2% agarose gels, purified using 
the AxyPrep DNA Gel Extraction Kit (Axygen Biosci-
ences, Union City, CA, U.S.), and quantified using Quan-
tiFluor -ST (Promega, U.S.). The equimolar pooling of 
purified amplicons was followed by paired-end sequenc-
ing (2 × 250) on an Illumina platform using conventional 
methods.

Bioinformatics analysis
Quality assurance and assembly reading
After further filtering raw reads, paired end clean reads 
were merged as raw tags using FLSAH [23] (v1.2.11) 
with a minimum overlap of 10  bp and mismatch error 
rates of 2% in order to get high quality clean reads. The 
QIIME (V1.9.1) pipeline [24]was used to filter noisy raw 
tag sequences under certain filtering parameters [25] 
in order to produce high-quality clean tags. In order to 
perform reference-based chimera verification using the 
UCHIME algorithm(​h​t​t​p​​:​/​/​​w​w​w​.​​d​r​​i​v​e​​5​.​c​​o​m​/​u​​s​e​​a​r​c​​h​/​m​​a​
n​u​a​​l​/​​u​c​h​i​m​e​_​a​l​g​o​.​h​t​m​l), clean tags were searched against 
the reference database (​h​t​t​p​​:​/​/​​d​r​i​v​​e​5​​.​c​o​​m​/​u​​c​h​i​m​​e​/​​u​c​h​​
i​m​e​​_​d​o​w​​n​l​​o​a​d​.​h​t​m​l). After removing all chimeric tags, 
effective tags were retrieved for additional investigation.

OTU cluster
The UPARSE pipeline was utilized to cluster the effec-
tive tags into operational taxonomic units (OTUs) with a 
minimum of 97% similarity [26]. Each cluster’s repulsive 
sequence was chosen based on the tag sequence with the 
highest abundance. Venn analysis was done in R to find 
common and unique OTUs between groups.

Classification of taxonomies
RDP classifier (Version 2.2) based on SILVA database 
(https://www.arb-silva.de/) was used to classify the ​s​a​m​

p​l​e sequences into species using a naïve Bayesian model 
analysis [27, 28].

Alpha diversity analysis
Chao1, Simpson and all other alpha diversity indexes 
were calculated in QIIME. The statistical analysis of the 
Alpha index comparison between groups was conducted 
using R’s Welch’s t-test and Wilcoxon rank test. Both 
the Kruskal-Wallis H test and the Tukey’s HSD test in R 
were used to calculate the alpha index when comparing 
groups.

Analysis of beta diversity
QIIME developed a weighted and unweighted unfired 
distance matrix. The weighted unfired distances’ NMDS 
were computed and illustrated in R. The statistics tests 
of Welch’s t-test, Wilcoxon rank, Tukey’s HSD, Kruskal-
Wallis H, Adonis were calculated using R.

Data analysis
STATISTIX 8.1 was utilized to do a one-way ANOVA 
and Tukey’s test at a 5% probability level in order to 
assess the significance of mean differences. Each table 
and figure’s data is presented as means ± standard devia-
tion (SD, n = 5). The R library’s “factoextra” and “corrplot” 
functions were utilized to execute principal component 
analysis (PCA) and correlation matrix, respectively, using 
R software version 4.4.0.

Results
Basic soil characteristics
Table  1; Fig.  2 illustrate how the grass cultivation has 
altered the soil’s pH, essential plant nutrient content, 
and soil organic carbon (SOC). The natural grass treat-
ment (N) had significantly (p < 0.05) greater total nitrogen 
and SOC than Reyan No. 2 (E), Ubon (F), and CK (with-
out grass). In the top soil layer, the amount of available 

Table 1  Effect of plant type on nitrogen (N), phosphorus (P), and potassium (K) in surface (0–20 cm) and subsurafce soil (20–40 cm)
0–20 cm 20–40 cm
CK N E F CK N E F

Total nitrogen (g kg−1) 1.01±0.05bd 1.58±0.14a 1.13±0.02b 1.12±0.09bc 0.82 
±0.03bc

1.30 ±0.27a 1.06 
±0.08ac

0.90 ±0.09bc

Total P (mg/kg) 554.90±43.49a 587.61±109.22a 608.00±88.07a 638.42±92.56a 494.53 
±22.58a

457.60 
±40.10a

517.71 
±34.94a

480.15±123.90a

Total K (g kg−1) 2.99±0.09a 3.15±0.19a 2.78±0.06b 2.94±0.08ab 2.80 ±0.06a 2.87 ±0.15a 2.62 
±0.16a

2.78 ±0.12a

Available-N (mg kg−1) 121.94±12.09bc 162.92±16.52a 148.61±2.34ac 126.31±5.83bc 101.34 
±10.29bd

148.13 
±26.35ac

161.22 
±10.72a

108.37 
±18.81bc

Available -P (mg kg−1) 4.00±1.98a 9.98±6.77a 9.56±3.58a 17.53±9.13a 1.79 ±0.19a 3.84 ±2.24a 4.00 
±1.69a

7.73±4.38a

Available -K (mg kg−1) 189.74±40.93a 176.76±78.60a 229.35±25.34a 188.15±61.19a 115.88 
±21.08a

175.22 
±126.83a

194.04 
±46.18a

114.42 ±21.25a

CK, N, E, and F: control without grass, natural grass, Reyan No. 2, and Ubon. Means with the same letter indicate non-significant differences based on Tukey test 
(p < 0.05)

http://www.drive5.com/usearch/manual/uchime_algo.html
http://www.drive5.com/usearch/manual/uchime_algo.html
http://drive5.com/uchime/uchime_download.html
http://drive5.com/uchime/uchime_download.html
https://www.arb-silva.de/
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nitrogen in N treatment was significantly (p < 0.05) higher 
than that in Ubon and CK treatments. In the subsoil 
layer, the total nitrogen of N treatment was significantly 
(p < 0.05) higher than that of Ubon and CK, while the 
available nitrogen of N and E was significantly (p < 0.05) 
higher than that of CK. The natural grass caused 49 and 
42% increases in the SOC in the topsoil and subsoil lay-
ers, respectively. The natural grass increased the total 
and available nitrogen by 56 and 34% in the topsoil layer, 
while these increases were 59 and 46% in the subsoil 
layer.

Operational taxonomic units (OTUs) distribution
OTUs with 97% identity were formed from all of the soil 
sample effective tags. A total of 17,231 kinds of OTUs 
were obtained, including 17,165 kinds of bacteria and 66 
kinds of Archaea (Supplementary Table S1). The venn 
diagram of each treatment is shown in Fig.  3, which 
shows that the total and proprietary OTUs number of 
soil microorganisms in the topsoil layer are higher than 
that in the subsoil layer. The number of OTUs shared 

by the topsoil and subsoil layers of E and F was higher 
than that of N and CK. In the topsoil layer, the order of 
proprietary OTUs number was in the descending order: 
F > CK > N > E, and in the subsoil layer, the order of pro-
prietary of OTUs number was: F > E > N > CK.

Community structure analysis of soil microorganism
According to the species annotation information of OTU, 
combined with the expression of OTU in the different 
soil samples, the expression of each sample at each clas-
sification level was calculated. Figure 4 provides the cat-
egorization data at the phylum and family levels. At the 
phylum level, the most common one was Chloroflexi, fol-
lowed by Proteobacteria, Acidobacteria, Actinobacteria, 
and Planctomycetes. A percent of 2–3% of the tags was 
unclassified. In the E, F, and CK treatments, the topsoil 
layer had a lower relative abundance of Chloroflexi than 
the subsoil layer, and there was a significant difference in 
the relative abundance of CK between the two soil lay-
ers (p < 0.05). In the N treatment topsoil layer, the rela-
tive abundance of Chloroflexi was less than that of CK. 

Fig. 2  Effect of grass cultivation on soil pH and soil organic carbon (SOC). CK, N, E, and F: control without grass, natural grass, Reyan No. 2, and Ubon, 
respectivally. Values are means SD, n = 5. Means with the same letter indicate non-significant differences based on Tukey test (p < 0.05)
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However, the relative abundance of Chloroflexi in the 
subsoil layer in N treatment was significantly lower than 
that in the topsoil layer. The relative abundance of Pro-
teobacteria in the topsoil layer of E, F, and CK treatments 
was higher than those of the subsoil samples, and the 
relative abundance in CK between the two soil depths 
was significantly different, but there was no significant 
(p > 0.05) difference between the two soil depths in N 
treatments. The relative abundance of Proteobacteria in 
the topsoil layer of E and F treatments was higher than 
that in CK and N (Supplementary Table S3).

At the family level, the dominant families are mainly 
Planctomycetaceae, Acidobacteriaceae, Acidothermaceae, 
and Gemmatimonadaceae. The relative abundance of 
Planctomycetaceae in the topsoil layer of E treatment was 
significantly higher than that of F treatment. The relative 
abundance of Planctomycetaceae and Acidobacteriaceae 

in the topsoil layer, of E, F, N, and CK treatment was 
higher than that of the subsoil samples, while the relative 
abundance of Acidothermaceae and Gemmatimonada-
ceae was similar in the two soil depths. There were 
37–60% unclassified tags (Supplementary Table S3).

Acidothermus was the prevalent genus in CK, and 
there was not much of a change in its relative abun-
dance between the two soil depths, while in the subsur-
face layer’s its relative abundance was greater than the 
topsoil layer’s in the remaining three treatments. In the 
F treatment, the relative abundance of Acidothermus 
was considerably greater than in the N treatment in both 
soil depths. Pseudomonas was not much more abun-
dant in the topsoil layer of the E treatment than it was 
in the other treatments (p > 0.05). The subsurface layer 
of N treatment did not result in a statistically significant 
(p > 0.05) increase in Pseudomonas relative abundance 

Fig. 4  Taxonomic structure of the soil microbiota at the phylum and family level. 1 and 2 refer to top and subsoil sample, respectively. CK, N, E, and F: 
control without grass, natural grass, Reyan No. 2, and Ubon

 

Fig. 3  Venn diagrams of different treatments.1 and 2 refer to top and subsoil sample, respectively. CK, N, E, and F: control without grass, natural grass, 
Reyan No. 2, and Ubon
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over other treatments compared to the topsoil. Unclassi-
fied tags were more than 70% (Supplementary Table S3).

The correlation between grass species and soil microbial 
richness
The richness or evenness of soil microorganisms is 
expressed by Chao1, ACE, and Shannon. Figure 5 shows 
how different treatments and soil layers significantly 
affected the richness and evenness of soil microorgan-
isms. In terms of Shannon index, the microbial richness 
and evenness of the topsoil layer in CK and N treatments 
were highly significantly (p < 0.01) higher than those in 
the subsurface soil samples. The microbial richness and 
evenness in the surface soil samples of E treatment were 
significantly (p < 0.05) higher than those in the subsur-
face soil samples. The soil microbial richness and even-
ness were significantly (p < 0.01) different among the two 
soil depths of E, F, and CK (Supplementary Table S4). 
The findings demonstrated that soil depth was the pri-
mary factor influencing the evenness and richness of soil 
microorganisms.

Analysis of β- diversity
The soil microbial β-diversity was computed to investi-
gate the effects of soil depth and grass kinds on the struc-
ture and composition of the soil microbiota. β-diversity 
was investigated by the sample distance calculation 
method of weighted UniFrac and unweighted UniFrac. 
UniFrac is a β-diversity metric that compares environ-
mental samples using phylogenetic information. Among 
them, the unweighted UniFrac only reflects the existence 
of species, while the weighted UniFrac represents the 
existence and abundant changes of species. Therefore, 
the combination of the two UniFrac analysis methods can 
more effectively find the structural differences between 
samples. According to the weighted and unweighted Uni-
Frac matrix, NMDS analysis showed that the samples 
from the same soil depth and grass varieties are concen-
trated together, as shown in Fig. 6.

Figure  7 and Supplementary Table S5 show that in 
the surface soil samples, there were highly significant 
(p < 0.01) variations in the soil microbial composition and 
structure between the CK and F treatments and between 
N and CK treatments. There was a significant difference 
among the four treatments of CK, N, F, and E treatments 

Fig. 6  NMDS analysis among different treatments. 1 and 2 refer to top and subsoil sample, respectively. CK, N, E, and F: control without grass, natural 
grass, Reyan No. 2, and Ubon

 

Fig. 5  Box diagram of Shannon, Chao1 and ACE for each treatment. CK, N, E, and F: control without grass, natural grass, Reyan No. 2, and Ubon
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in the topsoil layer (p < 0.05). In the subsoil layer, the soil 
microbial structure and composition between N and 
CK reached a very significant difference (p < 0.01). There 
was a significant difference (p < 0.05) in the quantity and 
structure of soil microbes between CK and E as well as 
CK and F. The soil microbial composition reached a sig-
nificant difference among the four treatments of CK, 
N, F, and E in the subsurface soil samples (p < 0.05). The 
microbial structure and content of the surface and deep 
soil samples in the CK and N treatments differed signifi-
cantly (p < 0.01). The soil microbial structure and com-
position among the two soil depths of the surface and 
subsurface soil samples of the four treatments, i.e., CK, 
N, F, and E, were highly significantly different (p < 0.01) 
based on Tukey-HSD analysis (p < 0.05) (Supplementary 
Table S5).

The further Adonis analysis (Supplementary Table S6) 
showed that in CK and the natural grass treatments, the 
microbial structure and composition between the two 
soil depths reached a very significant level (p < 0.0 L). In 
the topsoil layer, the soil microbial composition of F and 
N decreased significantly compared with CK. The treat-
ments of N, F, and E considerably enhanced the variety 

of the soil microbial composition in the deep soil layer as 
compared to CK. The soil microbial composition among 
the different depths of CK, N, F, and E, reached a very 
significant level (p < 0.01). Compared with CK, N and F 
treatments significantly reduced the composition of soil 
microorganisms in the surface soil samples, while E had 
no significant effect. In the subsurface soil samples, N, F, 
and E significantly increased the diversity of soil micro-
organisms. Therefore, the effect of grass cultivation 
on the composition of the soil microorganisms varied 
through the soil depths. In the topsoil layer, the effect of 
grass cultivation, had little effect on the composition of 
soil microbial community, while grass cultivation had a 
positive effect on the composition of soil microbial com-
munity in the subsoil layer. The soil depth had a greater 
effect on the composition of soil microbial community 
compared to the grass species.

Multivariate analysis
The intricate relationships between the variety of 
microbes and the characteristics of the soil were exam-
ined using the principal component analysis (PCA) and 
correlation matrix (Fig. 8). Shannon index was positively 

Fig. 8  PCA (principal component analysis) (A) and the correlation matrix (B). CK, N, E, and F: control without grass, natural grass, Reyan No. 2, and Ubon

 

Fig. 7  Box plot of UniFrac distance for each treatment. CK, N, E, and F: control without grass, natural grass, Reyan No. 2, and Ubon
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and significantly correlated with soil pH, SOC, and soil 
nutrients, i.e., nitrogen, phosphorus, and potassium. 
The total soil phosphorus and the Chao1 and ACE indi-
ces showed a positive and significant correlation. The 
PCA findings showed a significant relationship between 
the soil pH, SOC, and soil N, P, and K, and the Shannon, 
Chao1, and ACE indices.

Discussions
In this study, the latosol soil’s overall microbe count and 
the diversity were altered by the grass-growing tech-
nique. Variations in the soil microorganisms were cor-
related with variations in the soil nitrogen and carbon. 
Soil microbes are one of the most important components 
of terrestrial ecosystems and influence the biochemical 
processes in the soil that govern energy flow and nutri-
ent cycling [14]. Based on the 16 S rDNA analysis tech-
nique, the natural grass and Ubon treatments decreased 
the relative abundance of Planctomycetaceae in the sur-
face soil samples, while Reyan treatment improved it. The 
natural grass and Ubon treatments increased the rela-
tive abundance of Acidobacteriaceae. The cultivation of 
Reyan and natural grass enhanced the relative abundance 
of Planctomycetaceae in subsurface soil samples. The 
natural grass and Ubon treatments increased the relative 
abundance of Acidobacteriaceae, and Ubon increased 
the relative abundance of Acidothermaceae. The relative 
abundance of Planctomycetaceae and Acidobacteriaceae 
in the topsoil layer of Reyan, Ubon, natural grass, and CK 
were higher than that of the subsoil layer. In line with the 
findings of this investigation, Jiao [29] also observed that 
Acidobacteriaceae are more abundant in the soil of natu-
ral grass, which may be because natural grass has a great 
variety of plant species [30]. Grass-growing methods sig-
nificantly increased the number of bacteria, fungi, actino-
mycetes, and the total number of soil microorganisms [9, 
31]. The richness, functional diversity, and rate of use of 
carbon sources by the soil microbial population might all 
be enhanced by the growing grass [10, 32, 33].

In the present investigation, the relative abundance of 
soil microorganisms changed at different classification 
levels in the tested treatments. Chloroflexi was the domi-
nant phylum, with the highest relative abundance, which 
is inconsistent with other studies of Gupta et al. [34] and 
Coller et al. [35]. In all of the treatments, Proteobacteria 
was also the predominant bacterial phylum, which is in 
line with research on the variety of bacteria found in soil 
[35, 36]. Acidobacteria was also one of the most abun-
dant bacteria in soil, next to Proteobacteria, which is con-
sisting with the findings of An et al. [37]. The proportion 
of Proteobacteria and Acidobacteria in the soil may serve 
as a proxy for several environmental factors, including 
the pH of the soil and the amount of organic and inor-
ganic materials present [1, 10]. Acidobacteria grow under 

oligotrophic conditions, which can diagnose the charac-
teristics of individual species using a variety of carbon 
substrates and indicate potential activity in the soil [38]. 
Organic carbon and nutrients also play key roles in the 
microbial community [39].

The richness and evenness of soil microbes are mostly 
reflected by the Shannon index. In this study, accord-
ing to Shannon index, the richness and evenness of soil 
microorganisms in the topsoil layer of Reyan, Ubon, nat-
ural grass, and CK were higher than those of the subsoil 
layer. The richness and evenness of soil microorganisms 
in all the grass treatments were significantly higher than 
those in CK at the two soil depths. The results showed 
that soil depth had the greatest impact on the evenness 
and richness of soil microbiology. There are few reports 
on the effects of land use patterns on soil microorgan-
isms [40]. The long-term land use type change [41] and 
tillage system [42] have little effect on bacterial richness. 
The topsoil has a stronger influence on soil microorgan-
isms than the subsurface [43], which is compatible with 
the findings of this research. In light of the findings of 
this investigation, it can be stated that the composition 
of the soil microbial community is closely linked to the 
soil nutrients, which serve as an important marker of 
soil quality. Therefore, the grass cultivation changed the 
soil properties by changing soil nutrient content, result-
ing in soil microbial evenness and richness depending on 
soil depth. The main reason is that the grass varieties are 
shallow root plants, and their roots are mainly concen-
trated in the upper soil. Therefore, the richness and even-
ness of soil microorganisms mainly depend on soil depth. 
Another reason is that the upper soil is easily disturbed 
by other influences, e.g., pesticides, fertilizers and rain-
fall, which are also the primary forces behind the altera-
tion of the soil microbial community [44].

β-diversity is a term used to describe how biologi-
cal organisms respond to changes in their environment, 
such as shifts in species and generation. Through the 
use of Adonis and UniFrac distance difference analysis, 
the study found that natural and Ubon grasses signifi-
cantly lowered the variety of soil microbial community 
composition in the topsoil layer, whereas Reyan had no 
discernible effect when compared to CK. In the subsoil 
layer, the natural grass treatment significantly augmented 
the diversity of soil microbial community composition. 
Depending on the soil depth, grass cultivation has vary-
ing impacts on the variety and composition of soil micro-
organisms. The variety of the soil microbial population 
in the subsurface layer was markedly enhanced by the 
natural, Ubon, and Reyan grasses. This might be because 
the rhizosphere exudates and plant species richness of 
the natural grass, Reyan, and Ubon treatments add to 
the variety of the soil microbial community composi-
tion. The grass cultivation technique in forest soil could 
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significantly change the soil β-diversity of orchards [33]. 
Grass intercropping altered the nature of the soil’s micro-
bial community and increased the quantity of carbon, 
nitrogen, and organic matter in the soil [10, 45]. Further-
more, it fosters an environment that is favorable to the 
development and production of the bacterial commu-
nity and raises nutrient bioavailability, all while encour-
aging bacterial population activity in nutrient cycling. 
According to a prior study, intercropping grass improved 
soil aeration and water permeability by increasing the 
amount of soil organic carbon. Porous soil aggregates 
were produced as a result of the above-mentioned soil 
process [10, 46]. Therefore, it might effectively increase 
the soil’s capacity to retain water in orchards, accelerate 
the microbial breakdown, increase the quantity of root 
exudates, activate the mineral components of the soil, 
and increase the soil organic compounds [1, 47].

Soil health of tropical soil ecosystems is determining 
by the interactions between soil properties and microbi-
ome. Leguminous and natural plants enhance nitrogen 
and phosphorus availability in the soil, thereby promot-
ing microbial diversity and activity [48]. The interaction 
of plant, soil properties, and the microbiome not only 
improves nitrogen and phosphorus content but also 
influences soil pH and organic matter composition, cre-
ating favorable conditions for beneficial microbial com-
munities [19, 48]. The combined effects of plant-microbe 
interactions lead to improved soil structure, nutrient 
cycling, and overall soil fertility, thereby influencing the 
productivity and sustainability of guava orchards [19, 48].

Conclusion
The use of tropical legume grasses and the natural 
grasses on the tropical orchards significantly increased 
the biodiversity of soil microorganisms based on 16  S 
rDNA technique. The top soil layer’s soil microbial rich-
ness and evenness in the grass treatments were higher 
than those in the subsoil layer. The soil microbial even-
ness and richness based on soil depth resulted from the 
alterations in soil nutrient and organic carbon content 
caused by the grass cultivation. The majority of the roots 
of tropical legume grasses and natural grasses are found 
in the top soil, making them shallow rooting plants com-
pared to the deep roots of orchard trees. The findings 
offer a theoretical foundation for enhancing soil quality 
in tropical orchard soils by the growth of grass in latosol 
orchards; nevertheless, more long-term field experiments 
are required.
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