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ABSTRACT 

The former coal mining activities caused marginal lands, which generally neglect land. Various activities are needed to 

rehabilitate the ground, especially technology that is effective and environmentally friendly. Mycorrhizae technology is 

an alternative strategy that should try and develop to optimize rubber plants' growth and development in the area. This 

experiment aims to get the best indigenous mycorrhizae types for each type of rubber clone in the ex-coal mining land 

as a planting media. This experiment is a two-factor factorial experiment using a Completely Randomized Design of 

three replications: The first factor, mycorrhizae isolate, consists of five levels: without AMF inoculation, Glomus sp-3, 

Glomus sp-6, Glomus sp-15, and Glomus sp-16 inoculation. The second factor, the type of rubber clone, consists of 

RRIM-300, GT-1, PB-260, and RRIC-100. The results showed an interaction between the typical isolate and rubber 

clones' styles in enhancing rubber seedlings in the leading nurseries. The best growth for RRIM-300 and GT-1 rubber 

clones in rubber seedlings which inoculated by Glomus sp-6, whereas in PB-260 and RRIC-100 clones in Glomus sp-

16. 
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1. INTRODUCTION 

Jambi Province is one of the production centers of a 

rubber plant in Indonesia. The rubber plantations area 

continues to increase, from 662.213 hectares in 2013 to 

669.135 hectares in 2017. The production in 2013 is 

323.271 to 1.123,329 tons /ha in 2017. Likewise, the 

export volume increased from 198.149.000 tons in 2013 

to 256 104 000 tons in 2017 [1]. That shows that the 

rubber plant is one of the leading regional commodities 

that have good prospects to develop in Jambi Province. 

The main problem in smallholder rubber plantations 

in the production, only 929 kg of dry rubber/ha/year, is 

below the large estates, which averaged above 1000 kg 

of dry rubber/ha/year [1]. One of the reasons is that most 

of the plants are old, and rubber seedlings not 

recommend.  Therefore it is necessary to replace old 

plants with rubber seedlings that recommend varieties 

(clones). Besides that also recommended expanding the 

rubber planting area to an unused space, which in Jambi 

Province is mostly ex-mining coal, gold and petroleum 

mining area. The characteristics of ex-mining land, in 

general, are open land, scorching, low fertility, easily 

eroded, potentially producing acid mine, drainage, and 

poor biodiversity. That causes the soil to be quickly 

submerged, deficient in nutrients, organic matter, and soil 

microorganisms. The ex-mining land is getting wider and 

unproductive. Reclamation of ex-mining land carries out 

to restore the ground following the initial conditions; 

later, it can use as agricultural. 

The use of plants resistant to minimal conditions and 

soil fertility microbe's mycorrhizae is the right 

technology for land under minimal conditions. The 

rubber plant is a plant that has the potential to be used as 

a reclamation plant for ex-mining land. It has high 

adaptability and can live in the lowlands to a height of 

700 m above sea level, from dry climates to rainfall 

reaching 3,000 m/year, from high-grade soils until the 

soil texture comes off. Rubber plants can provide organic 

material every year from falling leaves. Rubber has the 

property of aborting the leaves periodically once a year; 

besides falling leaves, the addition of organic matter also 

increases the number of microorganisms in the soil. The 

application of mycorrhizae technology is one of the 
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potential alternative strategies that can help rubber plant 

growth and development on marginal lands. 

According to Smith et al [2], Suharto and 

Sancayaningsih [3], Bano and Ashfaq[4], Gomes et al 

[5], Lateef et al [6], Kartika et al [7], Kartika et al [8], 

Evelin et al [9], and Gong and Tian [10], 

mycorrhizae is an alternative technology to help 

plant growth and development, especially those 

planted on marginal lands. That is due to 

mycorrhizal having various biological potentials, 

such as improving plant nutrition, bio-protection, 

increasing plant resistance to drought, engaging in 

bio-geo-chemical cycles. And synergizing with 

other microorganisms and being able to maintain 

plant diversity. 

 Each type of mycorrhizae's effectiveness depends on 

mycorrhizae's type and highly dependent on the plant, 

soil, and the interaction between those. Type of plant 

gives a different response to mycorrhizae; soil type has 

closely related to pH and soil fertility. Each mycorrhizae 

has a difference ability and effectiveness to increase 

nutrient uptake and plant growth ([11],  [12],  [13], [14], 

[15] and [16]). 

This experiment aims to get the best indigenous 

mycorrhizae for each type of rubber clone in the ex-coal 

mining media. 

2. MATERIAL AND METHOD 

This experiment is a factorial experiment using a 

Completely Randomized Design.  The first factor is 

mycorrhizae, which consist of five levels. Its levels 

consist of M0 (without mycorrhizal inoculation), m1 

(Glomus sp-3 isolate inoculation), m2 (Glomus sp-6 

isolate inoculation), m3 (Glomus sp-15 isolate 

inoculation), and m4 (Glomus sp-16 isolate inoculation). 

The second factor is rubber clone consists of four levels, 

k1 (RRIM-300 rubber clone), k2 (GT-1 rubber clone), k3 

(PB-260 rubber clone), and k4 (RRIC-100 rubber clone). 

Thus, there are 20 treatment combinations obtained. Each 

treatment combination repeats three times so that there 

were 60 experimental units. Each unit experiment 

consisted of 4 polybags. 

 Propagation of inoculums carries out on indigenous 

mycorrhizal isolates from ex-coal mines obtained from 

Lubuk Mandarsyah Village, Tebo Regency at 1.289722, 

102697110 [17]. These cultures will maintain in a 

greenhouse until approximately four months old during 

maintenance activities watering and administering a Red 

Hyponex nutrient solution (25-5-20) with a 1g/2 L of 

water concentration. Planting media is the soil from ex-

coal mining land in Sungai Bengkal Village, Tebo 

Regency at 1.517403, 102.736130. It was drained and 

sieved with a ten mesh sieve and sterilized to kill all soil 

organisms. Only the inoculated mycorrhizae isolate 

develops and responds to isolate an application. Soil that 

uses as a media fix before being put into polybags.  

The rubber seedlings clones used are three months 

old. Mycorrhizae injection performs by giving 

mycorrhizal inoculums on the growing media in each 

polybag with a dosage of 15 g per polybag. Observation 

of growth variables increases seedling height, stem 

diameter and number of leaves, shoot and root dry 

weight, P uptake, and root infection at seven months 

seedling old. The observational data were analyzed 

statistically using variance analysis and DMRT at α = 

5%. 

3. RESULTS AND DISCUSSION 

3.1. RESULT 

3.1.1. Seedling Height Increasing 

Increasing in the seedling height of various 

rubber clones and mycorrhizae isolates, shown in 

Figure 1. 

 

Figure 1. The average seedling height increases of 

various types of rubber clones and mycorrhizal isolates 

(bars followed by the identical lowercase are not 

significantly different according to DMRT at α = 0.05). 

Figure 1 shows that the rubber clones inoculate with 

mycorrhizae increased significantly higher seedling 

height increasing than without mycorrhizae for all types 

of rubber clones. Furthermore, it indicates that the 

highest increase was achieved at clones RRIM-300 and 

GT-1 at Glomus sp-6, whereas clones PB-260 and RRIC-

100 rubber achieve at Glomus sp-16. 

3.1.2. Stem Diameter Increasing 

The average stem diameter increases at various 

rubber clones and different types of mycorrhizal isolates 

show in Figure 2. 
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Figure 2.  The average stem diameter increasing of 

various rubber clones (mm) and multiple types of 

mycorrhizae isolate (bars followed by the identical 

lowercase are not significant according to DMRT at α = 

0.05). 

Figure 2 shows that inoculate rubber clones with 

mycorrhizae have a higher stem diameter than without 

mycorrhizae. It also shows that the highest stem diameter 

increases in clones RRIM-300, which inoculates with 

Glomus sp-6 but not significantly different with Glomus 

sp-15 and Glomus sp-16. For treatment rubber clones 

GT-1 the highest stem diameter increasing obtain in 

rubber clones inoculated with Glomus sp-6. For clones 

PB-260 and RRIC-100, the highest stem diameter 

increasing was achieved at Glomus sp-16. 

3.1.3. Leaf Number Increasing 

 The average value of leaves number increases at 

various types of rubber clone and mycorrhizae isolates 

shown in Figure 3. 

 

Figure 3. The average seedling leaves number increasing 

of various types of rubber clones and mycorrhizae 

isolates (bars followed by the same lower case are not 

significantly different according to DMRT at α = 0.05). 

Figure 3 shows rubber seedlings that inoculate with 

mycorrhizae have a significantly higher number of 

leaves, increasing compared to without mycorrhizae for 

all types of rubber clones. Furthermore, the highest 

number of leaves increasing was achieved at clones 

RRIM-300 and inoculated with Glomus sp-6, not 

significantly different from Glomus sp-3 and Glomus sp-

16.  And for clone GT-1, the highest obtain in Glomus 

sp-6. In clone PB-260, the highest number of leaves 

increasing achieve at the Glomus sp-16, and for clones, 

RRIC-100   was conducted at Glomus sp-16 and not 

significantly different with Glomus sp-3 sp-6, and sp-15. 

3.1.4. Shoot Dry Weight 

The average shoots dry weight at various rubber 

clones and mycorrhizae isolates, shown in Figure 4. 

 

Figure 4. The average shoot dry weight at various types 

of mycorrhizae isolates and rubber clones. (bars followed 

by the identical lowercase are not significantly different 

according to DMRT at α = 0.05). 

Figure 4 shows that rubber clones that inoculate with 

mycorrhizae have a significantly higher shoot dry weight 

than without mycorrhizae. The tallest plants dry weight 

at clones RRIM-300 was obtained on Glomus sp-6, but 

not substantially different from Glomus sp-3 and Glomus 

sp-15.  For clones GT-1, the highest accept at Glomus sp-

6 and clones PB-260. At clones RRIC-100, the highest 

dry weight achieve at the Glomus sp-16. 

3.1.5. Root Dry Weight 

The average value of root dry weight at various 

rubber clones and mycorrhizae isolates shows in Figure 

5. 

 

Figure 5. The average root dry weight at various types of 

mycorrhizae isolates and rubber clones (bars followed by 

the identical lowercase are not significantly different 

according to DMRT at α = 0.05). 

Figure 5 shows rubber clones that inoculate with 

mycorrhizae have higher root dry weight than without 

mycorrhizae. The highest root dry weight of RRIM-300 

and GT-1 clone was obtained at Glomus sp-6, whereas in 
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clones PB-260 and RRIC-100, the highest root dry 

weight was achieved Glomus sp-16. 

3.1.6. Phosphorus Uptake 

 The value of Phosphorus uptake at various rubber 

clones and mycorrhizae isolates shows in Figure 6. 

 

Figure 6.  The average P uptake at various types of 

mycorrhizae isolates and rubber clones (bars followed 

by the identical lowercase are not significantly different 

according to DMRT at α = 0.05). 

Based on Figure 6, it can see that rubber seedlings that 

inoculate with mycorrhizae have significantly higher P 

uptake than without mycorrhizae for all types of rubber 

clones. The most increased P uptake of clones RRIM-300 

and GT-1 obtain in rubber clones inoculated with Glomus 

sp-6, while in clones PB-260 and RRIC-100, the highest 

P uptake achieve in Glomus sp-16. 

3.1.7. Root Infection 

The average value of root infection at various rubber 

clones and mycorrhizae isolates, shown in Figure 7. 

 

Figure 7.  Average root infection of rubber seedlings at 

various types of mycorrhizae isolates and multiple types 

of rubber clones (bars followed by the identical 

lowercase are not significantly different according to 

DMRT at α = 0.05). 

Figure 7 shows that rubber clones RRIM-300 and GT-

1 obtain rubber seedlings in rubber seedlings, which 

inoculated with Glomus sp-6, whereas in clones PB-260 

and RRIC-100, the highest root infection achieve in 

Glomus sp-16. 

 

4. DISCUSSION 

The results showed that the performance of growth 

and P uptake of various rubber clones and mycorrhizae 

isolates was higher than clones without mycorrhizae 

inoculated, demonstrated by all observed variables 

(Figure 1-7). That means rubber clones inoculated by 

mycorrhizae. It can grow and develop better than without 

mycorrhizae inoculated. The use of mycorrhizae is 

capable of increasing nutrients, both macro and micro. It 

can also absorb nutrients inbound and not available to 

plants like P. Mycorrhizae can associate with almost 90% 

of species plants and increase absorption efficiency of 

nutrients, especially P in marginal land [18]. 

 P is bound and dissolved in the soil, but mycorrhizae 

release the phosphatase enzyme; this enzyme can release 

P bonds, that P becomes available in the ground and can 

absorb by the host plant. According to Octavianti and 

Ermavitalini [19], mycorrhizae play a role in increasing 

the absorption of soil nutrients needed by plants such as 

P, N, K, Zn, Mg, Cu, and Ca. The effectiveness of host 

plants' effectiveness of nutrient uptake depends on 

complex interactions between soil capacity, plant 

nutrient requirements (phosphorus), the ability of fungi 

to infect and provide nutrients for host plants. 

Furthermore, it can explain that mycorrhizae isolates 

can increase rubber seedlings' growth due to mycorrhizae 

with the enzyme phosphatase able to P free that was not 

available in the soil. The speed of plant growth is an 

indication of an efficient photosynthesis process. [20], 

showed mycorrhizae were able to increase growth, 

phosphatase enzyme activity, and P uptake of cocoa and 

coffee seedling. According to Ingraffia et al [21], 

mycorrhizae were also able to increase P and N uptake in 

corn plants. 

According to Kartika [8], in the study of Jatropha, 

which plants in the ex-coal mining soil, with mycorrhizae 

inoculation and P fertilized with only 50% of the 

recommended dosage showed the best N, P, K uptake and 

the highest yield of Jatropha fruit. That is in line with the 

study results of Ingraffia et al [22], in wheat 

intercropping with faba bean, mycorrhizae inoculation, 

mycorrhizae can increase growth, uptake of P, fixation, 

and transfer of N2. 

The working principle of this mycorrhizae is to infect 

the host plant's root system, producing hyphae 

intensively so that plants containing mycorrhiza will 

increase the capacity in nutrient absorption. This 

mycorrhiza can secrete enzymes of phosphatase and 

organic acids, especially oxalate, which can help free P. 

According to Varma et al [23], root infection starts from 

propagules (spores from root residues) or from roots 

adjacent to plants capable of infecting the roots of host 

plants because of the signal in the form of flavonoid 
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exudates from the sources. Root infection is related to the 

formation of sugar exudates and organic acids. 

Mycorrhizae quickly convert and transfer photosynthetic 

results from host plants into specific carbon compounds 

as lipids or glycogen. Root colonization begins with the 

growth of hyphae from the three sources of inoculum 

(spores, hyphae, and root pathogens infected with 

mycorrhizae) will then develop and undergo primary 

colonization starting at a distance of 13 mm. Infertile 

soils, the fungus development decreases so that the 

infection process also decreases, whereas conversely 

nutrient in poor soils increases the percentage of 

infections. 

Each rubber seedling clone responds differently to 

various mycorrhizae types, as shown by all the observed 

variables (Figure 1-7). The highest growth and uptake of 

Phosphor at RRIM-300 and GT-1 rubber seedling clones 

were obtained at Glomus sp-6 inoculation, whereas PB-

260 and RRIC-100 rubber clones achieve at Glomus sp-

16 inoculation treatment. 

 The effectiveness of mycorrhizae in increasing plant 

growth and nutrient uptake determine by mycorrhizae 

types, plant genotypes, and soil conditions, and the 

interactions [24]. Each type of plant gives a different 

response to mycorrhizae. And each mycorrhiza has a 

difference in the ability to increase plant growth and 

nutrient absorption [25].   

Based on this research, the result showed that each 

rubber clone's seedling responds differently to various 

types of mycorrhizae. Each rubber seedling clone has 

different types of mycorrhizae in promoting the best 

growth and uptake of P. This shows that mycorrhizae 

have other efficiency and effectiveness to increase 

growth and nutrient uptake to different kinds of rubber 

clones. As some research showed, each type of 

mycorrhizae has additional efficiency and energy to 

improve plant growth, depend on mycorrhizae, host and 

soil type, and the interaction of it ([12], [26], [13], [16]). 

The highest growth and P uptake of clones RRIM-300 

and GT-1 were obtained at Glomus sp-6, whereas clones 

PB-260 and RRIC-100 were achieved at Glomus sp-16 

inoculation treatment. This interaction shows that each 

type of isolate has a different effect on the host plant. 

Differences in effectiveness can occur between 

mycorrhizae types, which can cause by differences in 

hyphae growth in roots due to various root infections 

(Figure 7). As a result, the isolates' effectiveness in 

increasing nutrient absorb shows by the P absorption 

variable (Fig 6).  

Following Bagyaraj [27], the differences in the 

effectiveness of mycorrhizae isolate types to increase 

nutrient absorption are influenced by the ability to 

increase the distribution of hyphae, the ability to form 

broad colonization, the efficiency of nutrient absorb 

especially phosphorus, and the time to nutrient 

transformation through hypha towards plants. 

5. CONCLUSION 

Based on the results of this research, the following 

conclusions: 

1. There is an interaction between mycorrhizae types 

and rubber clones types in increasing rubber seedlings 

growth planted in ex-coal mine soil at the main 

nursery. 

2. The best rubber seedling growth in ex-coal mining 

soils at rubber clones RRIM-300 and GT-1, which 

inoculated with Glomus sp-6, and in PB-260 and 

RRIC-100 clones, which inoculated with Glomus sp- 

16. 
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