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ABSTRACT 
 
Kayu Putih is one of the essential types of non-timber forest products in Indonesia. The planting space betweenKayu Putih has 

the potential to the annual crop cultivation; one of them is the soybean. The soybean problem intercropped with Kayu Putih 

has low productivity. This study aimed to know the effects of the plant spacing, Rhizobium japonicum inoculations, and main 

stem tip pruning on soybean. The experiment was conducted during January-April 2015 in Menggoran Forest Resort, Playen 

District, Gunung Kidul Regency, Special Province of Yogyakarta, Indonesia. The experimental design used the Randomized 

Complete Block (RCB) design with three blocks as replications. The first factor was plant spacing consisting of 50 x 20 cm, 70 x 

90 cm, and 90 x 20 cm. The second factor was the R. japonicum inoculations without inoculations and with inoculations. The 

third factor was the main stem tip pruning on soybean without main stem tip pruning and with main stem tip pruning. The 

data were analyzed by using ANOVA α 5% and continued with DMRT test α 5%. The results showed no interaction between 

plant spacing, R. japonicum inoculations, and central steam tip pruning on soybean. Plant spacing of 90 x 20 cm was revealed 

as the highest value of seed weight per hectare (0.81 tons. ha
-1

) compared to the 70 x 20 cm and 50 x 20 cm spacing. R. 

japonicum inoculations showed a higher value of seed weight per hectare (0.68 tons. ha
-1

) than inoculations without R. 

japonicum did. Meanwhile, main stem tip pruning on soybean had no significant difference on seed weight per hectare of 

soybean; there was an improvement in the soil quality properties at the end of the research on the soybean intercropping with 

Kayu Putih.  
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INTRODUCTION 

 Humans have long practiced the practice of intercropping in managing land by combining two or more 

plants in the same area [20]. Compared to the monoculture system, the intercropping system shows a better 

contribution to crop production through the efficient use of resources [18]. The intercropping between cereal 

and legume plants has been commonly applied in various regions of the world [14]. 

 The intercropping system is also widely applied in Indonesia, especially in this research is in the Kayu Putih 

forest planting system (Melaleuca cajuputi subsp. Cajuputi), or in the previous literature known as Melaleuca 

http://creativecommons.org/licenses/by/4.0/
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leucadendron, which is one type of the non-timber forest product [4]. The development of Kayu Putih 

plantations has a significant role both from the ecological, social, and economic aspects [1][11][15][16]. 

 As one of the agroforestry systems, the practice of intercropping is characterized by the components of trees 

and seasonal plants, in the same space and time [17][21]. Therefore it is possible for interactions between 

elements in the system to be positive or negative. The existence of interaction attributes and interdependence 

between components in an ecosystem needs to be directed to positive interactions. Management of interactions 

between plants in the intercropping system is the key to the success of the agroforestry system [8][14]. 

 The annual crops can provide high economic value for farmers. However, on the other hand, it is feared that 

it could be a cause of a decrease in soil quality due to management practices that tend to be contra productive 

and do not support the system sustainability. This condition can be referred to as the "trade-off" of the land. 

Some examples include the use of growing space for seasonal crops is more dominant, high external inputs, 

cultivated species tend to be a monoculture, continuous harvesting of biomass, and no return to the system. On 

the other hand, Kayu Putih plants tend to be ignored; thus, productivity decreases. 

 The purpose of this research is to determine the soybean productivity in the intercropping system with Kayu 

Putih and to evaluate the soil quality in the intercropping system with soybean and Kayu Putih. The hope is that 

with the combination of appropriate annual crops, high economic value while maintaining soil quality, it can 

ultimately increase the productivity of the sustainable Kayu Putih intercropping system. 

 

 OBJECTIVES 

 

 Kayu Putih is one of the critical types of non-timber forest products in Indonesia. The planting space 

between Kayu Putih has the potential to the annual crop cultivation; one of them is the soybean. The soybean 

problem intercropped with Kayu Putih is low productivity. 

 

 

MATERIALS AND METHODS 
3.1 Research Area 

 The experiment was conducted at Menggoran Forest Resort, District of Playen, Regency of Gunung Kidul, 

Special Region of Yogyakarta, Indonesia, from January until April 2015. 

 

3.2 Experimental Design 

 The experimental design used a Randomized Complete Block (RCB) design with three blocks as 

replications. The first factor was the plant spacing consisting of 50 x 20 cm, 70 x 90 cm, and 90 x 20 cm. The 

second factor was the R. japonicum inoculation without inoculation and with inoculation. The third factor was 

the main steam tip pruning on soybean without main steam tip pruning and with main steam tip pruning. 

 

3.3 Soil and Soybean Variable 

 The soil variables observed at the initial and the end of the planting of soybean were pH H2O, C-organic, 

total nitrogen, C/N ratio and availability of phosphorus and potassium. The soybean variables observed were the 

amount of total pod and vacant pod per plant, total dry weight per plant, seed dry weight per plant,100-grain 

weight, harvest index, and seed weight per hectare.  

 

3.4 Statistical Approach 

 Two-way ANOVA was used to test the variables of soybean influenced the plant spacing, R. japonicum 

inoculations, and main steam tip pruning on soybean. The separation of means was subjected to the DMRT test 

of α 5%. The two-way ANOVA and DMRT test were performed using the SAS software version 9.4 for 

Windows. The statistical analysis was carried out by PROC GLM. 

 

 

RESULTS AND DISCUSSION 

3.1 Results 

 Based on ANOVA showed that there was no interaction between plant spacing, R. japonicum and main 

steam tip pruning to all parameter. The plant spacing 90 x 20 cm showed high yields compared to other plant 

spacing in the amount of seed per pods, total dry weight, seed weight per plant and seed weight per hectare. The 

wider plant spacing is allowing the competition between compilers of the growing space for soybean plants to 

be lower than the competition that occurred at the narrower planting space. 
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 Table 1. Effects of plant spacing, R. japonicum and top running on soybean variable 

Treatment 
∑ Seed 

per Pod 

∑ Vacant 

Pod 

Total Dry 

Weight 

(grams.plant
-1

) 

Seed Weight 

(grams.plant
-1

) 

100 

Grain  

Weight 

(grams) 

Harvest 

Index 

Seed 

Weight per 

Hectare 

(tons.ha
-1

) 

Plant Spacing (J): 

50x20 17.64 b 2.09 b 14.35 b 11.71 c 21.76 a 0.45 a 0.41 c 

70x20 20.81 a 2.45 ab 17.71 a 13.62 b 22.84 a 0.43 b 0.67 b 

90x20 21.08 a 2.76 a 19.24 a 15.49 a 22.24 a 0.44 ab 0.81 a 

R. japonicum (I): 

Without R. 

japonicum 
18.31 b 2.38 a 16.53 a 12.46 b 22.33 a 0.43 b 0.57 b 

With R. 

japonicum 
21.38 a 2.49 a 17.67 a 14.75 a 22.22 a 0.45 a 0.68 a 

Main Steam Tip Pruning (P): 

Without 

Pruning 
19.88 a 2.45 a 17.20 a 13.53 a 22.46 a 0.44 a 0.63 a 

With 

Pruning 
19.81 a 2.41 a 17.00 a 13.68 a 22.10 a 0.44 a 0.64 a 

CV (%) 10.83 26.74 14.20 10.70 5.75 5.04 11.37 

Interaction 

J x I ns ns ns ns ns ns ns 

J x P ns ns ns ns ns ns ns 

I x P ns ns ns ns ns ns ns 

J x I x P ns ns ns ns ns ns ns 

A number followed by the same letter in the same column were not significantly different by DMRT test 

(p<0.05). 

 

 The applications of the early growth through of R. japonicum showed better of results than the treatment 

without R. japonicum. This can be seen from the amount of seed per plot, seed weight per plant and seed weight 

hectare. The influence of the Rhizobium bacteria inoculation generally can improve the yields compared to those 

who are not inoculated. A Rhizobium is a group of bacteria that can provide nutrients for soybean plants by 

infecting the plant roots and forming root nodules. The root nodules function to take nitrogen from the air and 

funnel it as nutrients (amino acids) for plants. Rhizobia as the nitrogen-fixing group with the potential to reach 

80 kg N2/ha/years. In addition to increasing the nitrogen content, rhizobium could produce IAA and gibberellin 

growth hormone, which can stimulate the root growth, branching, and broad range of roots, therefore it can 

absorb more nutrients. Also, Rhizobium can increase phosphate absorption, which plays a role in root 

development and the formation of soybean pods. The effectiveness of Rhizobium bacteria inoculation in soybean 

plantations is influenced by the environment where it grows, the temperature and availability of toxic 

compounds derived from chemical inputs (herbicides/fungicides)[6]. 

 Main stem tip pruning carried out on the soybean from this research did not show significant differences 

between pruning and without pruning. Although the soybean which was pruning give a higher yield than 

without pruning but were not statistically different. Main steam tip pruning as one of the simple practices that 

have been done to improve the plant yields in the form of increased root growth and nitrogen nutrient 

availability [9], increased vegetative growth and increased yields of the weight of the seed. Sutrisno and 

Wijarnako (2017) found that the right time for pruning on long bean plants could affect growth while increasing 

the yield. Main steam tip pruning on soybean can increase the number of pods in bean plants. The study 

conducted by Sutrisno and Wijanarko (2017) informed that main steam tip pruning carried out at the age of 3 

weeks after planting significantly affected the vegetative growth of plants, but did not significantly affect the 

generative growth of soybean. 

 

 The potential of soybean plants has a potential average of 0.627 tons per hectare. This number is higher 

than the yield obtained previously by Ceunfin (2015) informed that the potential of grobogan varieties of 

soybeans ranges from 0.157 - 0.322 tons per hectare, while the research conducted by [9] (2017) discovered that 

the applications of SP-36 and KCl fertilizers gave a potential of 1.47 - 2.01 tons per hectare among Kayu putih. 
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Table 2. The soil quality in the initial and end of the planting                                                                                                                 

Physical and Chemistry 

Characteristic 
Initial End 

pH H2O 7.48 7.30 

C-organic (%) 0.67 1.58 

N-total (%) 0.09 0.13 

C/N ratio 7.44 12.15 

P-available (ppm) 32.33 30.67 

K-available (me/100 g) 17.00 43.00 

 

 The results of the study conducted by [12] (2017) showed that the soybean productivity potential in 

Yogyakarta in the period of 1996 - 2015 only reached 1.18 tons per hectare. The increased land productivity can 

be done by selecting the right combination of plants and cropping systems and the existence of mutual relations 

between intercropped plants. This symbiosis was closely related to the nitrogen requirements for the main plants 

that are fulfilled from the inserted plants through their ability to fix nitrogen from free air, whereas the inserted 

plants have a tolerance to shade and can live understands[23]. 

 

 The conditions and chemical properties of the soil at the research location were measured at the beginning 

before the research was conducted (as preliminary data), and at the end of the first planting season, the 

measurements were re-taken to see the "dynamics" that occurred. The soil in the research area was vertisol 

(grumusol) soil which was dominated by the clay texture. The C-organic and N-total contents were very low.  

The Ca content was relatively high, and had a neutral pH leading to alkalis [6]. 

 Table 3 showed that there is an increase in C-organic, total N-content, and K-available in the maize-

soybean double cropping system in 3-4 months. While P-available indicates a decrease compared to the initial 

conditions as a result of the plant, this condition needs to be further studied through the stages of research in the 

next planting season to see the trends in the soil chemical properties. 

 

4.2 Discussion 

 The development of the design of an intercropping based on ecological values should be developed to 

realize a sustainable management system[10]. The aspect of the site quality improvement can be done by 

reiterating the components in the natural ecosystem to be developed into the intercropping ecosystem. 

Supporting what can be done by facilitating the components or growth process by using types that support as 

nutrient bridges ("ecological engineering") also needs to be improved. In this study, the selection of a 

combination of soybean -kayu putih plants at the beginning of the planting season, is one strategy to facilitate 

the site improvement.  

The growth space regulation through planting space arrangements on maize plants is intended to regulate the 

growth space competition. The plant spacing was related to the area or growing space it occupies in the supply 

of nutrients, water, and light. The too-wide planting space is less efficient in the land utilization while ifit were 

too narrow, competition would occur resulting in the low productivity. To control the competition among types 

of plant to be as small as possible, it is necessary to ensure that the highest demand for the growth resources for 

each type of plant does not occur at the same time . 

 The treatment of plant spacing on soybean showed that the wider the planting space could provide a higher 

potential for Stover and higher production potential per hectare than the narrower planting space. The input of 

chemical fertilizer can be given in the right condition; hence it can support the plant growth. Excessive input 

does not support the sustainability of the intercropping system. 

 The use of microorganisms that can increase soil fertility without damaging the environment is one 

manifestation for a sustainable agricultural system[2]. One of them is by utilizing Rhizobium bacteria in 

facilitating the initial growth of soybean plants and they can provide a better level of production. The integration 

of legume plants into cereal-based cropping systems has also been shown to be able to produce significant 

volumes of biomass and contributes to increasing nitrogen without disrupting the food production [3] 

 The success of intercropping is largely determined by the combination of the types of constituent plants. 

The combination of two types of plants with different age, the need for sunlight, carbon dioxide, water and 

maximum nutrients of each type of the plant, occurs at different times if the two types of plants are planted at 

the same time. Thus the competition between types of plants can be minimized or eliminated, so the total yield 

of plants is high. The intercropping system can increase land productivity if the combined types of plants can 

form mutually beneficial interactions [24]. 

The study conducted by [19], et al. (2016) showed that using a dual legume crop rotation system in Malawi 

has the potential to improve soil quality, maintains food crop productivity, and reduces dependence on fertilizers 
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in the maize planting system. This does not rule out the possibility of applying to the plantations of the Kayu 

Putih intercropping system, whereas the maize and soybean plants are excellent for farmers in the study area. 

 

CONCLUSION 

 

 The results showed no interaction between plant spacing, R. japonicum inoculations, and main steam tip 

pruning on soybean. Plant spacing of 90 x 20 cm had the highest value of seed weight per hectare (0.81 tons.ha
-

1
) compared to 70 x 20 cm and 50 x 20 cm spacing. R. japonicum inoculations had a higher value of seed weight 

per hectare (0.68 tons.ha
-1

) than what inoculations without R. Japonicum had. Meanwhile, main stem tip pruning 

on soybean had no significant difference on seed weight per hectare of soybean; there was an improvement in 

the soil quality properties at the end of the research on the soybean intercropping with Kayu putih. 
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