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INTRODUCTION 

 
Soil water represents the water that occupies 

the inter- and within-aggregate pore spaces of the 
soil profile. It can be divided into two categories, 
i.e. shallow and groundwater, both of which have a 
great influence on our life (Nio et al., 2010). Shal-
low water plays important role in the plant growth 
including as a main component of the pant body, 
nutrient solvent in the soil pores to help nutrient 
absorption by the plant roots, distribution of nutrients 
throughout the plant body, and metabolism pro-
cesses (Palupi & Dedywiryanto, 2008). Therefore, 
the availability of shallow water in the pore spaces 
determines the growth and yields of plants particu-
larly in the agricultural areas. 

The plant-available water content (PAWC) is 
defined as a range of soil water content that lies between 
the field capacity where the maximum amount of 
water the soil can keep and at the permanent wilting 
point (PWP) in which the plant can no longer extract 
water from the soil (Hillel, 1980). The soil PAWC 

is a very important soil property that controls water 
and nutrient mobility to the plant roots. There are two 
approaches in understanding the soil PAWC, analyzing 
the macropores that hold the maximum water at the 
field capacity status and finding out the scientific 
efforts to extend fine roots that capable of inserting 
the water-holding micropores of less than 0.2 µm in 
diameter (Hermawan, 2002). The later is very important 
in sustaining crop production under the water stress 
condition such as during the period of the dry season. 

Arbuscular mycorrhizal fungi (AMF) have 
the formation of unique structures that help plants 
to capture water and nutrients such as phosphorus, sulfur, 
nitrogen, and micronutrients from the soil when the roots 
have been difficult to absorb water (Muzakkir, 2011). 
The fungi hyphae have a special ability in absorbing 
water from the very small pores in the soil because of 
their tiny size. The AMF also produces the antibi-
otic compounds to protect diseases and results in 
the growth regulators, such as auxin, cytokinin, and 
gibberellin, to promote the plant performance 
(Nurmasyitah et al., 2013; Simanjuntak, 2005).  
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The present study aims to analyze the effects of 
arbuscular mycorrhizal fungi and compost on the 
ability of a plant to grow when the soil water content 
was close to the permanent wilting point status. It was 
assumed that the application of AMF and compost 
would enhance soil water capture by the plant when 
the soil was under drought conditions. 
 
MATERIAL AND METHOD 
 

The study was conducted from September 2019 
to February 2020 in the greenhouse of Bengkulu 
University using a degraded soil taken from Muara 
Bangkahulu Municipality of Bengkulu City. The 
degraded study soil consisted of subsoil layers, dom-
inated by sand and clay fractions, as well as low con-
tents in organic matter and nutrient as shown in Table 1. 
The coffee compost, on the other hand, was charac-
terized by high contents of organic carbon, nitrogen, 
and potassium, but low in phosphorous. 

 
Table 1. Basic characteristics of soil and coffee pulp 
compost that were used in the current study 

 
 
 
 
 

  
 
 
 
 
 
 
 
 

 
Four doses of AMF (0, 5, 10 and 15 g.plant-1) 

and three doses of coffee-made compost (0, 5 and 10 
ton.ha-1) were arranged according to a randomized 
complete block design with three replicates. Each 
experimental unit was set for two plants, therefore, 
there were 72 plant media used in the study. The air-
dry soil was sieved using a 5-mm sieve, 10 kg of 0-5 
aggregates were put into a polybag (soil water content 
was 0.15 g.g-1, therefore, the soil weight was equal to 
8.69 kg). Inoculation of AMF to the soil media was 
conducted according to the experimental treatments 
by following the Technical Guidance published by 
Bertham & Inoriah (2009). Air-dry compost was also 
added and mixed in the soil media according to the 
treatments. The media was then planted with the three-
week young plant of chili and subject to plant maintenance 
including watering and plant protection.  

At the end of the experimental period, the plants were 
left unirrigated until showing the wilting symptoms, 

soil gravimetric water content at the permanent wilt-
ing point was then measured in-situ using the Dielec-
trometer (Hermawan et al., 2017). This variable indi-
cated the ability of plants with treatments to absorb wa-
ter when the soil water content at the PWP status. Soil 
bulk density was calculated by measuring the height of 
soil media in the polybag, then multiplied with the 
gravimetric water content to get the volumetric water 
content of the soil. The number of root colonization 
by AMF was analyzed using the Stanning Method 
and observed visually under a microscope. 

 
 
RESULT AND DISCUSSION 
 
Soil water content when the plant showed the wilting 
symptoms 
 

Analyses of variance showed that the AMF 
application significantly affected soil water content at 
the time of the plant showed the wilting symptoms, as 
well as the number of root colonization. The 5% test 
of least significant difference showed that the addi-
tion of 15 g.plant-1 AMF resulted in the significantly 
lower soil water content at the time of the plant wilting 
symptoms compared to no AMF application (Table 
2). At the end of the experiment, no water was added 
to the planting media and chili began to be wilt when 
the no-AMF soil water content was at 0.37 g.g-1 or 
0.44 cm3.cm-3. However, the plant with the AMF ap-
plication of 15 g.plant-1 would show the wilting 
symptoms at 0.32 g.g-1 or 0.37 cm3.cm-3. The applica-
tion of AMF inoculant with lower doses showed less 
improvement and had no-significant differences with 
control.  
 

Table 2. Averages in soil water content when the 
plant showed wilting symptoms. Each number was 
the average from nine data  
 
 
 

 

 
 
 
 
 
 
 
 

The application of up to 10 ton.ha-1 coffee-
made compost did not affect significantly the soil 
water content at the time of the wilting plants. Alt-
hough compost has been well-known for the im-
provement of soil water availability to the plant, it 
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seemed that the improvement occurred at the field 
capacity condition not in the permanent wilting 
point. A study by Głąb et al. (2018), for example, 
found that addition of the compost improved signifi-
cantly soil water content and the number of pores 
less than 50 µm in diameter, it could not help the 
plant roots to capture water at the pores smaller than 
0.2 µm. Therefore, there was no significant contribu-
tion of coffee pulp compost in the enhancement of 
soil water capture at the permanent wilting point when 
AMF was added to the soil as shown in Table 2. 

 
Root colonization by AMF 

The number of root colonization in chili in-
creased pronouncedly with the application of AMF 
to the soil media (Figure 1). The effects of AMF on 
the root colonization level were observed and ex-
pressed as the number of fungal symbionts as visual-
ized in Figure 2. The root-fungal symbiont as shown 
in Figure 2 increased with AMF application com-
pared to the non-mycorrhizal roots. The relations 
between AMF doses and the root colonization were 
similar to findings reported earlier by Medina et al. 
(2003). However, the degree of colonization im-
provements with AMF doses was strongly influ-
enced by the presence of the coffee pulp compost. 
The AMF used the compost as an energy source for 
living, therefore, the root colonization response to 
AMF was much higher with the application of com-
post.  

Figure 1. Effects of AMF doses on the number of root 
colonization with 0, 5 and 10 ton.ha-1 addition of the cof-
fee pulp compost 
 

The findings suggested that the addition of 15 
g.plant-1 AMF enabled chili to uptake about 15% 
more water held by micropores that the no-AMF 
plants were no longer able to absorb it. They ap-
proved that AMF was very important in enhancing 
the water and nutrient absorption by the plant 
(Setiadi, 1995). The role of AMF in increasing the 
plant capture ability of water content under water 
stress conditions was attributed to the number of root
-fungi symbiont at the AMF-added plants. A result 

of regression analysis in Figure 3 suggested that about 
92% of the variations in soil water content at the plant
-wilting symptoms were explained by the variations 
in the number of root colonization by AMF. The 
equation in Figure 3 indicated that every addition of 
ten root colonization could lower the minimum level 
of soil water content by 1.5% in which the plant could 
no longer absorb water from the soil matrix. 

Figure 2. Visualization of the number of root colonization 
with different doses of AMF. From left: 0, 5, 10 and 15 
g.plant-1  
 

Results of the current study provided a new pro-
moting approach in maintaining land productivity 
under water stress period such as during a long term 
period of the dry season as occurred in 2019. This 
proposed approach agreed with other studies that the 
AMF colonization had a good relation with drought 
stress mitigation (Salloum et al., 2018), therefore, 
improved nutrient uptake and chili's growth (Halis et 
al., 2008). Effects of soil water stress on plant pro-
duction have also been reported by Yang et al. (2018) 
in which the significant reduction in the chili pepper 
yield occurred when the 25 and 50% deficit irrigation 
was applied. It was necessary, therefore, to conduct 
further studies regarding detail techniques in applying 
AMF to allow other plant species to capture more wa-
ter under soil water stress conditions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. A relation between the number of root coloniza-
tion with soil water content at the time of the plants showed 
the wilting symptoms  
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CONCLUSION 

The application of up to 15 g.plant-1 AMF signifi-
cantly enabled the plant to absorb more water when 
the soil water content was about at the permanent 
wilting point conditions. The AMF addition of 15 g.plant-1 
significantly prolonged the growing period of chili to 
wither and the plant showed the wilting symptoms at 
the soil water content of 5 to 7% lower than the no-
AMF plants. Improved water uptake under water 
stress conditions was attributed to increases in the 
root colonization by AMF. 
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