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Abstract 

Pepper cultivation in Bangka Island primarily takes place on sandy land. Legume cover crops, such as 

Centrosema pubescens, which has been widely used as a ground cover, are anticipated to improve land 
quality by maintaining soil temperature and humidity, increasing soil organic carbon content, increasing 

soil porosity, and improving soil fertility. This research aims to analyze the agroecosystem of pepper 

plants, by comparing the use of the cover plant C. pubescens as a soil treatment and the absence of  

using these cover plants as a control. The research was conducted in farmers’ pepper gardens in Perlang 

Village, Central Bangka Regency, Bangka Belitung Province. The research employed a randomized 

block design, with C. pubescens and natural vegetation as treatments, each replicated 3 times.  
The variables measured were soil temperature and humidity; abundance of microorganisms; weed 

density, frequency, and dominance; chlorophyll a, chlorophyll b, and anthocyanin content of pepper 

leaves; photosynthesis rate; transpiration rate; stomatal conductance; soil chemical and physical 
properties. The results showed that C. pubescens as ground cover could reduce the dominance of  

the Bidens pilosa weed (relative dominance of 36.16%) but led to an increase in the dominance of 

Chromolaena odorata (relative dominance of 38.7%). C. pubescens ground cover could also maintain 

stable soil temperature and moisture, and increase P, K, Ca, and Mg soil content by 100%, 100%, 43.6%, 
and 48.3%, respectively. Furthermore, pepper plants grown with C. pubescens exhibited 25%, 23.7%, 

and 16% higher chlorophyll a, total chlorophyll, and carotenoid content, respectively, compared to those 

grown without the cover crop. 
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INTRODUCTION 

One of the reasons for the decline in pepper 

production on Bangka Island is commodity 

conversion to palm oil. This commodity shift has 
caused pepper plants to be cultivated on marginal 

land, including sandy land. According to Hengl  
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et al. (2017), land is categorized as sandy if it has 

a sand content of more than 50% and a clay 

content of less than 20%. The characteristics of 
this land are poor nutrient content, organic 

material, water-holding capacity, and low cation  
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exchange capacity (CEC). Therefore, the 

cultivation of plants requires intensive 

fertilization and irrigation. On the other hand, 
intensive crop cultivation systems cause 

environmental pollution and degradation because 

they contribute to greenhouse gas emissions  
and dangerous compounds (Bishnoi, 2018). 

A conservative agricultural system is a 

solution for cultivating plants by paying attention 
to balance and environmental sustainability to 

create sustainable agriculture. One part of 

conservative farming is the use of ground cover, 

whether in the form of inorganic, organic, or plant 
materials. Not all plants can be used as ground 

cover. According to Baligar et al. (2021), plants 

that can be used as ground cover must have the 
criteria of perennial plants that do not propagate, 

are tolerant of low nutrient conditions, are 

productive, have good soil coverage, and have 
few diseases. The types of plants that can be used 

as cover crops vary depending on the soil type, 

climate, and main crop. Based on taxonomy,  

the plant families that are often used as ground 
cover are Brassicaceae, Fabaceae, and Poaceae 

(Haramoto and Gallandt, 2005; Mauro et al., 

2015; Chozin et al., 2018; Yuniarti et al., 2018; 
Stanton et al., 2020; Silva and Bagavathiannan, 

2023). Apart from that, plants identified as  

weeds can also be used as ground cover plants 

such as Asystasia intrusa, Nephrolepis biserrata, 
Asystasia gangetica, Paspalum conjugatum,  

and Ageratum conyzoides (Asbur et al., 2018; 

Satriawan et al., 2020).  
Methods for improving the environment using 

cover crops depend on the type of cover crop used, 

the type of main crop, the season, fertilization 
measures, and field management. Scavo et al. 

(2022) divided the effects of cover crops into 

direct and indirect effects. Direct effects include 

nutrient provision (da Silva Alves et al., 2022), 
nutrient absorption by plants (Murrell et al., 

2020), increasing soil C content (Novara et al., 

2019), N fixation by legume cover crops (LCC) 
(Perrone et al., 2020; De Notaris et al., 2021),  

and reduced the soil C/N ratio (Singh et al., 2020). 

The indirect effects of LCC are increasing  
soil organic matter content (Wulanningtyas  

et al., 2021), increasing microbial biomass  

(Lange et al., 2015; dos Santos Cordeiro et al., 

2021; Muhammad et al., 2021; Thapa et al., 
2021), improving soil structure, porosity and 

conductivity (Blanco-Canqui and Jasa, 2019; 

Blanco-Canqui and Ruis, 2020), reducing erosion 
(Camargo Silva and Bagavathiannan, 2023), 

decreasing nutrient leaching (Mauro et al., 2015), 

modifying pH (Chozin et al., 2018), and 

suppressing weed growth (Mennan et al., 2009; 

Mauro et al., 2015; Chozin et al., 2018; Gerhards 
and Schappert, 2020). Furthermore, using cover 

crops can increase soil fertility and crop 

production (Daryanto et al., 2019). Also, using the 
legume plants Centrosema pubescens, Mucuna 

sp., Crotalaria sp. as a ground cover can act as  

a mercury bio-remediator on post-gold mining 
land (Dewi et al., 2023) while Calopogonium 

mucunoides and C. pubescens can reduce the 

metal content of Fe, Mn, and Zn on post-nickel 

mining land (Leomo et al., 2021). 
The pepper cultivation system carried out in 

Bangka is still predominantly conventional and 

has yet to adopt operational standards (Pitono, 
2020) as outlined in Regulation of the Minister  

of Agriculture Number 10/Permentan/2013. This 

includes monoculture planting, the use of dead 
stands, unbalanced fertilizer doses, and minimal 

use of organic materials. This causes a decrease  

in the quality of pepper cultivation land, such as 

having an acidic pH and relatively low organic N, 
P, and C nutrient content (Daras et al., 2012). 

Improving soil quality is crucial for enhancing 

pepper cultivation land and can be achieved using 
cover crops. In this way, there will be direct 

benefits to the land and the environment, because 

cover crops are also useful in increasing carbon 

sequestration and reducing CO2 content in the 
atmosphere, reducing N fertilizer because they 

can fix N biologically (legume type) (Rose et al., 

2019) so that the environment is more sustainable. 
The cover crop that is deemed suitable for use is 

C. pubescent because it has a high germination 

capacity in sandy areas (Fefirenta et al., 2023), 
and the seeds are easy to obtain in agricultural 

shops nearby and online shops. Therefore, this 

study aims to compare the effect of using a LCC 

on the physical and chemical characteristics of  
the soil and the physiological characteristics of 

pepper plants. 

MATERIALS AND METHOD 

The research was conducted in a farmer’s 

pepper crop in Perlang Village, Central Bangka 

Regency, Bangka Belitung Islands Province, 
located at 106°31’47” E and 2°32’13” S. The 

research was conducted between July 2023 and 

February 2024, using a randomized block design 

with 3 replications. The treatments included 
pepper cultivation with C. pubescens as a ground 

cover plant and pepper cultivation without  

ground cover legumes (natural vegetation as 
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control). Each experimental plot consisted of  

48 pepper plants in a plot area of 8 m x 24 m.  

The pepper variety planted was Petaling 1 variety. 
C. pubescens was planted in rows between  

pepper plants, with a seed application rate of 1 kg 

117 m-2. Before planting, the seeds were treated 
by soaking in 1% KNO3 solution for 24 hours. 

Soil sampling 

Soil samples for analysis of the biological  
and chemical properties were collected by digging 

the soil under the cover crops to a depth of 2 to  

10 cm and taking 300 g with 3 replications.  

The soil samples were placed in a plastic zip-lock 
container and stored in a freezer at 0 °C. Soil 

samples were taken to analyze soil physical 

properties using a sample ring at a depth of 10  
to 15 cm, both on land with and without ground 

cover. Soil biological analysis was conducted  

at the Microbiology Laboratory of the Faculty of 
Agriculture, Fisheries and Marine, Universitas 

Bangka Belitung. The chemical and physical 

properties of the soil were analyzed at  

the Indonesian Center for Biodiversity and 
Biotechnology Laboratory (ICBB, Bogor). The 

components, variables, and soil analysis methods 

are detailed in Table 1. 

Calculation of the abundance of bacteria and 

fungi 

Soil samples were collected from a depth of  

2 to 10 cm, with a sample weight of 300 to 400 g. 
For the analysis, 10 g of soil was placed in  

an erlenmeyer flask containing 90 ml of sterile 
distilled water and then vortexed until fully 

homogenized. From this mixture, 1 ml of the 

suspension was transferred to another erlenmeyer 

flask containing 9 ml of sterile distilled water, 

resulting in a 1:10 dilution. Dilution was carried 
out to a dilution of 10-7. Fungi were inoculated  

at dilutions 10-2, 10-3, 10-4, and 10-5 while bacteria 

were inoculated from dilutions 10-4, 10-5, 10-6,  
to 10-7. From each dilution, 0.1 ml of suspension 

was taken and placed in a sterile petri dish 

containing solid media, which was spread evenly 
over the surface of the media using a spreading 

triangle. Bacterial cultures were grown on nutrient 

agar (NA) media while fungal cultures on potato 

dextrose agar (PDA) media. Incubation for 
bacteria was carried out for 1 to 2 x 24 hours  

while incubation for fungi lasted 5 to 7 days.  

All cultures were put in an incubation room (dark) 
at room temperature (25 °C). Colony counts  

were manually performed using a counting tool. 

Bacteria were counted only from petri dishes, 
which had 30 to 300 colonies, while fungi had  

10 to 100 colonies. Colonies per milliliter were 

calculated using Equation 1. 

Measuring vegetation distribution 
Vegetation distribution was measured using 

the quadrant method measuring 1 m x 1 m. 

Quadrants were placed randomly into treatment 
blocks 3 times. The types and numbers of plants 

contained in the quadrants were recorded. Plants 

whose roots did not fall within the quadrant were 

not recorded. 
Relative density, relative frequency, relative 

dominance, and Summed Dominated Ratio  

(SDR) were calculated based on the Equation  
2, 3, 4, and 5. The weed species diversity index  
 

 
Table 1. Components, variable, and soil analysis method 

Component Variable Unit Method 

Soil physics Bulk density g cm-3 Gravimetry  

Particle density g cm-3 Flask  
Total pore space % Counting 

Soil chemical 

properties 

pH  Potentiometry  

CEC cmol(+) kg-1 Titrimetry 

Organic C % Spectrophotometry  
Total N % Kjeldahl 

P2O5 available mg kg-1 Spectrophotometry 

P2O5 potential mg 100 g-1 Spectrophotometry-Olsen, 
Spectrophotometry-Bray I 

K2O5 potential mg 100 g-1 AAS 

K+ cmol(+) kg-1 AAS 
Na+ cmol(+) kg-1 AAS 

Ca2+ cmol(+) kg-1 AAS 

Mg2+ cmol(+) kg-1 AAS 
Note: AAS = Atomic absorption spectrophotometry, CEC = Cation exchange capacity 
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was calculated using the Shannon-Wiener index 

(H’) (Equation 6). 

Measurement of physiological variables in 

pepper plants 
The physiological activity of pepper plants 

was measured by assessing variables such as 

photosynthesis rate, leaf transpiration rate,  
and stomatal conductance. These measurements 

were carried out using a Li-Cor 6400XT 

instrument on fully opened, mature leaves. 

Measurements were taken during the day when 

the leaves were dry. 

Measurement of chlorophyll a, b, and carotene 

content 
The pigment content of pepper plant leaves 

was measured by weighing 10 g of pepper leaves, 

which were then ground by adding 10 ml of 
acetone. The solution was then filtered using  

filter paper. The supernatant obtained was  

read using a Thermo Scientific Evolution 201 

Colonies per ml (cfu -1) = Number of colonies x 
1

DP
                                                                              (1) 

Where, DP = Dilution factor 

Relative density (%) = 
Absolute density of weed species

Sum of absolute densities of all species
 x 100%                                         (2) 

Relative frequency (%) = 
Absolute frequency value of weed species

Sum of absolute frequency values of all species
 x 100%                        (3) 

Relative dominance (%) = 
Absolute dominance value of weed species

Sum of absolute dominance values of all species
 x 100%                    (4) 

SDR = 
Relative density + relative frequency + relative dominance

3
                                                     (5) 

H' = - ∑ (
ni

N
) ln

ni

N

n

n=1

                                                                                                                                        (6) 

Where, H’ = Shannon-Wiener diversity index, ni = Number of important values of each species, N = 

Number of important values of all species, ln = Natural logarithm. The H’ value indicates low diversity 
if the value is less than 1 (< 1), medium diversity if the value falls between 1 and 3 (1 < H’ < 3), and 

high diversity if the value is more than 3 (> 3). 

Chlorophyll a (mg g-1) = 
(12.7 x A663) - (2.69 x A645)

10
                                                                (7) 

Chlorophyll b (mg g-1) = 
(22.9 x A645) - (4.68 x A663)

10
                                                               (8) 

Total chlorophyll (mg g-1) = 
(8.02 x A663) - (20.2 x A645)

10
                                                                  (9) 

Carotenoid (µmol g-1) = 
[A480 + (0.114 x A663)- (0.638 x A645)] V x 10

2

112.5 x W
                              (10) 

Where, A480 = Absorbance at a wavelength of 480 nm, A663 = Absorbance at a wavelength of 663 nm, 

A645 = Absorbance at a wavelength of 645 nm, V = Volume of extract (ml), W = Sample weight (g). 
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UV-vis spectrophotometer, at 480, 645, and  

663 nm wavelengths with acetone as the blank. 

The pigment content of chlorophyll a (Equation 
7), b (Equation 8), total chlorophyll (Equation 9) 

and carotenoids (Equation 10) was measured 

using the formula from Hendry and Grime (1993). 

Statistical analysis 

The data collected on soil physical  

and chemical properties, abundance of 
microorganisms, chlorophyll a, chlorophyll b, 

total chlorophyll, and carotenoids were analyzed 

using the T-test with 95% confidence. The 

statistical analysis was performed using Microsoft 
Excel tools. The T-test was employed to 

determine whether there were significant 

differences between land with ground cover and 
land without ground cover on the observed 

variables. 

RESULTS AND DISCUSSION 

Based on climate data obtained from  

the Indonesian Meteorological, Climatological, 

and Geophysical Agency (2024), November and 

December 2023 marked the end of the dry season 
with daily temperatures ranging between 22 °C 

and 35 °C, air humidity at 81% (Figure 1c),  

total rainfall of 155 to 188 mm month-1. Soil 
temperature and humidity varied between land 

with and without LCC. In land with ground  

cover, soil temperature remained more stable 

throughout the day and night. Ground cover  
helps to mitigate temperature increases during  

the day and maintains warmer temperatures  

at night. Specifically, maximum temperatures  
on land without ground cover reached up to 44 °C 

in November and December 2023, while land  

with LCC maintained temperatures below 34 °C 
(Figure 1a). Soil moisture levels showed minimal 

difference between land with and without ground 

cover, with moisture levels dropping to 29% 

during the day and rising to 90% at night  
(Figure 1b).  

The use of cover crops has long been known  

to maintain stable soil temperature and maintain 
soil moisture. Blanco-Canqui and Ruis (2020) 

noted that legume ground covers keep soil 

temperatures cooler during the day and warmer  
at night, compared to soils without cover crops. 

This stabilization reduces the temperature 

amplitude, which is beneficial for plant growth, 

especially in tropical regions. The ability of 
ground cover plants is related to their ability to 

protect the soil from direct exposure to sunlight,  

 

reflect solar radiation, and reduce evaporation. 
Dabney et al. (2001) highlighted that the 

effectiveness of cover crops in regulating soil 
temperature is influenced by canopy closure and 

the amount of plant residue. Faster decomposition 

of plant residues generally reduces the ability to 
regulate soil temperature. It is often believed that 

legumes are less effective than cereal cover crops 

at temperature regulation due to their faster 
decomposition rates. Nonetheless, higher soil 

moisture observed in land with cover crops can be 

attributed to their ability to reduce evaporation 

rates, enhance water infiltration, and decrease 
runoff.  

The conditions of the pepper cultivation are 

shown in Figure 2. In dry conditions (dry season), 
C. pubescens continues to grow despite its 

suboptimal coverage (Figure 2a). The dry season 

also limits weed growth on fields without ground 
cover (Figure 2b). However, C. pubescens as  

a ground cover significantly reduces both the 

number and types of weeds in pepper plantations. 

As depicted in Table 2, the number of individual 
weeds that can be reduced is 22. Eleusine indica 

is the dominant weed on the land, either with or 

without cover crops. The dominance level of  
each type of weed based on the SDR value is not 

much different in the 2 land conditions. The use 

of cover crops further suppresses the growth of  

the Cynodon dactylon weed. The effectiveness  
of legumes in controlling weed growth depends 

on the plant species used, legume diversity, 

environmental conditions, and cultivation 
techniques (Lorin et al., 2015; Pannacci et al., 

2018; Elsalahy et al., 2019; Adeux et al., 2021). 

The mechanism for inhibiting weed growth 
carried out by cover crops is through 2 

mechanisms, namely competition and non-

competition (Camargo Silva and Bagavathiannan, 

2023). Cover crops inhibit weeds through 
competition for growing space, water resources, 

nutrients, and sunlight. The mechanism for 

inhibiting weed growth is through the second 
mechanism, namely allopathy, decreasing soil 

temperature and decreasing the quality of 

sunlight. Cover crop suppression of weeds is 
related to their morphological, physiological,  

and phenological characteristics (Mennan et al., 

2009; Rouge et al., 2022). The greater the biomass 

of cover crops, the greater the pressure on weed 
growth (Rouge et al., 2022). 

The abundance of bacterial and fungal 

microorganisms did not show a statistically 
significant difference between soil with legumes  
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as cover crops and soil without ground cover 

(Table 3). Soil with ground cover has the potential 
to support a higher abundance of microorganisms 

compared to soil without ground cover. This is 

because cover crops contribute biomass that can 

alter microbial community structure, enhance  

soil enzyme activity related to soil organic matter, 

and support the N cycle (Thapa et al., 2021). 
Moreover, according to Inagaki et al. (2022), 

certain cover crops can enhance the functional 

biodiversity of arthropods in citrus orchards. The 

lack of difference in microorganism abundance 

 
a. 

 
b. 

 
c. 

Figure 1.  Temperature and humidity of pepper soil without ground cover (a), temperature and humidity 

of soil with ground cover (b), maximum temperature, minimum temperature, air humidity, and 

rainfall based on climate data (c) 
Note: LCC = Legume cover crops, RH = Relative humidity 
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between ground cover and no ground cover 

treatments in this study may be attributed to  

the dry season conditions and the relatively short 
observation period of 7 months following the 

planting of LCC. The dry season leads to low  

soil water content. Sandy soil types and low 
rainfall reduce the cover crop biomass formation 

and slow the rate of decomposition of plant 

residues. As highlighted by Muhammad et al. 

(2021), the impact of cover crops on microbial 

communities and their structure varies based on 

soil and climate conditions. 
The use of cover crops did not significantly 

affect the physical and chemical properties of  

the soil tested (Table 4 and Table 5). However, 
there was a tendency for an increase in CEC and 

soil pH in soils with cover crops. This is thought 

to be related to the ability to form biomass from  
 

 

 

Table 2. Types and number of individual weeds in 2 agroecosystems 

Latin name Local name 
Number of 
individuals 

Relative 
density (%) 

Relative 
frequency (%) 

Relative 
dominance (%) 

SDR 

Without LCC 

Ageratum 

conyzoides 

Babadotan  08 09.87 07.69 02.96 06.84 

Borreria 

laevis 

Rumput 

kancing 

ungu  

01 01.23 07.69 12.49 07.14 

Eleusine 
indica 

Rumput 
belulang, 

rumput 

paragis 

33 33.33 015.380 00.77 16.49 

Paspalum 

conjugatum 

Papaitan  30 07.41 15.38 03.65 08.81 

Cynodon 
dactylon  

Rumput 
bermuda 

01 37.04 15.38 01.53 17.98 

Euphorbia 

hirta 

Patikan kebo 02 01.23 07.69 32.88 13.93 

Chromolaena 
odorata 

Kirinyu 01 02.47 15.38 08.22 08.69 

Bidens pilosa Ketul, ajeran 05 01.23 07.69 36.17 15.03 

Total   81     

H’ 1.58 

With LCC 

Cyperus 

rotundus 

Rumput teki 05 08.47 42.10 05.59 06.44 

Elaeis 
guineensis 

Kelapa sawit 01 01.69 05.26 21.29 09.42 

Chromolaena 

odorata 

Kirinyu  01 01.69 05.26 38.72 15.22 

Eleusine 

indica 

Rumput 

belulang, 

rumput 
paragis 

26 22.03 05.26 09.59 15.80 

Cynodon 

dactylon 

Rumput 

bermuda 

15 25.42 15.79 00.50 10.39 

Eragrostis 
frangkii 

Rumput 
kemuncup 

10 16.94 05.26 00.26 07.49 

Ageratum 

conyzoides 

Babadotan 01 01.69 05.26 22.37 09.78 

Total   59     

H’ 1.73 
Note: LCC = Legume cover crops 
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cover crops to then produce organic material for 

the soil. The observed differences in soil physical 

properties between soils with and without ground 
cover are likely due to the dry season conditions 

and the short observation period, as ground cover 

plants may have experienced growth inhibition. 

Blanco-Canqui and Jasa (2019) noted that legume 
plants typically do not alter soil properties  

as much as grasses, which can produce larger 

biomass. Larkin (2024) confirmed that rye plants 
(family: Poaceae) can generate higher biomass 

than a combination of ground cover plants from 

the families Poaceae, Fabaceae, and Brassicaceae 

during 3 years of trials. 
Soil organic carbon (SOC) content in these  

2 types of land tested was categorized as medium. 

However, land without ground cover had a higher 
SOC content than land with C. pubescens  

ground cover (Table 5). The results are different 

from the outcomes of previous studies, that soil 
with ground cover has a higher SOC content 

(Novara et al., 2020). According to Acharya  

et al. (2022), the impact of cover crops on SOC  

in arid and semiarid regions is inconsistent  
and depends on soil and climatic conditions.  

This different response is thought to be related  

to high temperature and low moisture during  
this experiment. The microbial community has 

correlated with SOC content because it plays  

a vital role in soil C cycling (Jansson and 
Hofmockel, 2020). Environmental conditions 

such as high temperature and low soil humidity 

can reduce the activity of microbial enzymes, 

changing the composition of types and 
populations of microbes in the soil (Siebielec  

et al., 2020). This may explain why, despite  

the greater biomass of cover crops, the SOC 

content in land with ground cover was not 

significantly enhanced. 

N is an essential nutrient that plants need  
in large quantities. Its availability in the soil for 

plant uptake is influenced by several factors, 

including the ammonium content released by 

diazotrophs, the decomposition of organic 
material which produces ammonium and nitrate, 

and ammonia oxidation activities by nitrifying 

and non-diazotrophic organisms in the 
rhizosphere (Lehnert et al., 2018). Soil type also 

influences the availability of N nutrients. Sandy 

soil has a low ability to hold N nutrients due to  

its relatively low organic matter content, as was 
the case in this study. N nutrients are low in  

sandy soil because they are easily leached and 

evaporated. In this experiment, the soil that used 
LCC had the same low N content as the soil that 

did not use a ground cover, although there were 

more types of N-fixing bacteria in the soil with  
a ground cover (Table 5). This is thought to be 

apart from N-fixing bacteria, it is also influenced 

by low organic C content as well as the presence 

of nitrifying bacteria and non-diazotrophic 
microorganisms. Research conducted by Rahayu 

et al. (2021) showed that applying low doses of 

silica and humic acid to sandy land could not 
increase soil N content. On the other hand, adding 

1 ton ha-1 of silica from rice husks can increase  

the soil N nutrient content (Nwite et al., 2019). 
The soil nutrient content analysis showed  

that the use of cover crops increased P nutrient 

availability, potential P nutrient content, potential 

K, Ca2+, and Mg
2+

 (Table 5). The increase in  

P nutrient content with cover crops is likely 

related to organic material and increased alkaline 
phosphatase enzyme activity. C. pubescens plant  

 
 

    
a. b. c. d. 

Figure 2. Land with legume cover (a), land without legume cover (b), row of pepper plants with legume 

cover (c), row of pepper plants without legume cover (d) 
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biomass, as an organic material, can boost the  

acid and alkaline phosphatase enzyme activities, 
thereby increasing the organic and inorganic  

P content of the soil. Phosphatase is an enzyme 

produced by root exudates of cultivated plants, 
cover crops, and microorganisms. The addition of 

cover crop biomass as organic material increases 

the Ca
2+

 nutrient content, as supported by 

research by de Medeiros et al. (2019), which 

proved that the increase in Ca
2+

 ion content is 

caused by the addition of organic material rather 

than the addition of P fertilizer. Cover crops also 
contribute to the K+ nutrient cycle and improve 

the storage capacity of Ca2+ superscriptions  

(dos Santos Cordeiro et al., 2021; Wulanningtyas 
et al., 2021). 

The synthesis of chlorophyll and carotenoids 

in plant tissue is influenced by internal factors 

(gene expression and enzymatic activity) and 
external factors (environment such as sufficient 

water, nutrients, and light). Carotene acts as  

an additional pigment to harvest light in the 
photosynthesis process (Hashimoto et al., 2016). 

Carotene also acts as a protector of chlorophyll 

from damage due to photo-oxidation under 
conditions of high light intensity. The use of cover 

crops in this study affects the availability of 

nutrients in the soil, thereby impacting the content 

of chlorophyll and carotenoid pigments (Table 5). 
Research by Arena et al. (2020) has proven that 

the higher the fertilizer dose, the more chlorophyll 

and carotene content is formed. Nutrients 
influence the biosynthesis of chlorophyll and 

carotenoids through the formation of the enzymes 

and compounds involved. According to the study 

by Quian-Ulloa and Stange (2021), carotenoids 
are formed through the methylerythritol 

phosphate (MEP) pathway from the compound 

geranylgeranyl pyrophosphate (GGPP) and 

require the activity of the enzyme geranylgeranyl 

pyrophosphate synthase (GGPPS) and the enzyme 
phytoene synthase (PSY). The higher availability 

of P nutrients in the treatment with ground cover 

is thought to contribute to the high carotene 
content in this treatment. Nutrients are needed  

in carotene biosynthesis as constituents of 

metabolically active compounds and enzymes. 

Similarly, the high chlorophyll content in the 
ground cover treatment is thought to be related  

to the high P and Mg2+ nutrient content in the 

treatment. Research by Yang et al. (2022) found 
that P-deficient wheat plants have low chlorophyll 

content. P is not needed for the formation of 

enzymes involved in chlorophyll biosynthesis  

but is required as an energy source in the form of 
ATP. In contrast, Mg is crucial for chlorophyll 

biosynthesis, as 8 of the 17 enzymes involved  

in this process require magnesium (Tripathy and 
Pattanayak, 2012). 

The presence of limiting factors in the nutrient 

concept influences plant physiological activities. 
Essential nutrients cannot be replaced by other 

nutrients to carry out their specific function.  

In this study, the ground cover treatment had 

higher P and K, Ca, and Mg nutrient contents 
compared to those without ground cover. 

However, the N nutrient content of both is 

relatively low (Table 5). Therefore, despite the 
ground cover treatment having higher chlorophyll 

pigment content, total chlorophyll, and carotenoid 

levels (Table 6), the photosynthesis rate activity, 
stomatal conductance, transpiration rate, and 

intracellular CO2 concentration are not 

significantly different from the treatment without 

ground cover. 
The absence of differences in the physiological 

activity of pepper plants using ground cover and 

without ground cover is thought to be related to  
 

Table 3. Abundance of microorganisms in 2 types of agroecosystems 

Agroecosystem type Bacterial abundance (CFU ml-1) Fungal abundance (CFU ml-1) 

Without LCC  036.0 x 104 34.5 x 102 

With LCC  176.5 x 104 54.0 x 102 

T-test ns ns 
Note: LCC = Legume cover crops, ns = Not significance 

 

Table 4. Physical and chemical properties of soil 

Agroecosystem 
Bulk density 

(g cc-1) 
Particle density  

(g cc-1) 
Total pore space 

(%) 
pH 

CEC  
(cmol(+) kg-1) 

Without LCC 01.400 2.62 46.62 5.0 1.87 

With LCC 1.27 2.62 51.23 5.7 2.68 

T-test ns ns ns ns ns 
Note: CEC = Cation exchange capacity, LCC = Legume cover crops, ns = Not significance 
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non-photochemical quenching (NPQ). This is  
a mechanism that has been widely accepted as  

a determinant of photosynthetic productivity  

in plants that grow under conditions exposed to 
high light intensity (Wang et al., 2020). Excessive 

exposure to solar radiation can damage the 

photosynthetic apparatus. Soybean plants with 

faster NPQ induction and relaxation abilities  
have greater photosynthetic capacity and biomass 

formation (De Souza et al., 2023). NPQ 

expression, apart from genetics and solar 
radiation, is also influenced by low soil N nutrient 

content. In this study, the N nutrient content in 

both treatments was classified as low (Table 6). 
Soil N nutrient status did not differ between 

treatments using ground cover, causing NPQ 

expression not to differ between the 2 treatments, 

so both had physiological activities that were not 
significantly different. The benefits of using cover 

crops on plants cannot be seen in a short time. 

Research by dos Santos Cordeiro et al. (2021) 
indicates that the impacts of cover crops on crop 

yields and soil chemical fertility may become 

evident only in the third year after planting. 

CONCLUSIONS 

The use of C. pubescens as a LCC effectively 

maintains stable soil temperature and moisture 

during the dry season in pepper cultivation.  
It helps control the dominance of Bidens  

pilosa weed but increases the prevalence of 

Chromolaena odorata weed. Additionally, pepper 
plants grown with C. pubescens as ground cover 

shows a 25% increase in chlorophyll a, a 23.7% 
increase in total chlorophyll, and a 16% increase 

in carotenoid content compared to those without 

C. pubescens. Moreover, while C. pubescens 
ground cover can enhance soil nutrient levels of 

P, K, and Mg, it does not significantly increase 

soil N content over a short duration. 
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