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Abstract: The aim of the study is to determine the production and growth 

of dwarf napier grass (Pennisetum purpureum cv.mott) integrated with 

siratro legumes (Macroptilium atropurpureum) contributing to the 

availability of preferred forage for ruminants on critical dryland. The study 

applied randomized block design consisted of 4 groups and 4 treatments; P0 

consisted of 100% control Pennisetum purpureum cv.mott; P1 consisted of 

70% Pennisetum purpureum cv.mott and 30% Macroptilium atropurpureum; 

P2 consisted of 50% Pennisetum purpureum cv.mott and 50% Macroptilium 

atropurpureum; P3 consisted of 30% Pennisetum purpureum cv.mott and 

70% Macroptilium atropurpureum. The results of this study showed that 

biological nitrogen fixation (BNF) significantly contributed to the plant’s 

growth and forage production on critical dry pasture.  
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Introduction 

Grazing management is a major system of 
livestock production in many countries (Snaydon, 
1981; Bolan et al., 2004). Unlike natural rangeland 
pastures, the managed pastures are highly productive 
as increased pasture production lead to higher per-
hectare animal productivity. It is the major goal for the 
pastoral farmers. A significant portion of world milk 
and beef production is produced from managed 
pastures (Sere et al., 1995; Zhang et al., 2018). The 
effects of grazing intensity on the dynamics of plant 
composition is required for rational management of 
grasslands (Sternberg et al., 2015; Neilly et al., 2017). 
The key to grazing land is to provide forage for 
ruminant. However, the condition of critical dryland 
pasture becomes the constraint in the availability of 
forage in the tropical land. Therefore, generally 
farmers use inorganic fertilizers to increase the forage 
productivity in pasture. Under abiotic stress and 
inappropriate management, livestock grazing can lead 
to the loss of deeper-rooted perennial grasses and 
reduce ground cover and soil fertility (McKeon et al., 
2009; Eldridge et al., 2011; Hera, 1996). Therefore, 
some farmers used chemical fertilizer. Chemical 
fertilizer plays an important role in increasing soil fertility 
and crop productivity (Roelcke et al., 2004; Dinesh et al., 
2010). However, long term excessive use of chemical 
fertilizers will reduce soil organic matter content and 
consequent decline in the agricultural soil quality, increase 

in soil acidification and environment pollution (Guo et al., 
2010; Hasan, et al., 2005; Tang et al., 2009). 

The use of chemical fertilizers (inorganic) exceed the 

dose to get the forage productivity causes a decline in 

land fertility as germplasm media for plant growth, land 

arrangement that causes erosion and soil nutrient loss, 

soil organic matter loss, waterlogging, soil compaction 

and other forms of reduction in critical land or critical 

pasture (Hasan et al., 2015). Furthermore, nitrogen 

fertilizer requirements are often applied, thus inducing 

unintended environmental consequences such as nitrate 

leaching and nitrous oxide emission as well as 

ammonia leaching (Pandeya et al., 2017). The use of 

inorganic fertilizers on pasture land has to be reduced 

to produce organic feed for livestock. One solution to 

obtain a high forage production without using any 

chemical fertilizers is the integration between grass and 

legume through a process of biological nitrogen 

fixation (BNF). BNF is one of the most important 

sources of N in the agricultural system (Bertrand et al., 

2011). Legumes are an integral part of organic cropping 

systems because they supply N through Biological N-

Fixation (BNF). Legumes can support the 

intensification of organic crop production (Doltra et al., 

2011) and pasture crop.  
 In grazed pastures, Nitrogen (N) material is acquired 

from biological fixation of atmospheric N, through the 
addition of manures and fertilizers. In non-legume-based 
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pastures, such as grass pastures, the nitrogen is acquired 

from fertilizer. Although in legume-based pastures most of 

the N is derived from biological N fixation. Increased 

fertilizer N inputs along with a high intake of animal 

protein in developed countries (McCarl and Schneider, 

2000; Mosier et al., 2001). Recently, the interest in mixed 
crops between legumes and grasses has highly increased 

due to their importance for sustainable and ecologically 

friendly agriculture (Luscher et al., 2014; Kusvuran et al., 

2014). Legume-based grazing systems may be an option 

to improve the production, the forage quality and the 

profitability and sustainability of the system in tropical 

regions. It may have the ability to reduce environmental 

problems by increasing the Nitrogen Use Efficiency 

(NUE) avoiding a high transient surplus of soil mineral N 

(Totev and Chiurazzi, 2016; Resende et al., 2003). 

Legumes can also improve soil structure, enhance soil 
biological activity, and support crop nutrient supply 

(McCarl and Schneider, 2000). However, some legume 

species, soil and climatic conditions and the design of the 

rotation in an organic system can influence the amount of 

N contributed by legumes to the cash crops and the effect 

on crop yields (Mosier et al., 2001). BNF of legumes in 

the organic crop rotation can substitute much of the 

fertilizer N requirement of the subsequent crops 

(Askegaard, 2007). Increasing the productivity and quality 

of critical dryland pasture can be done by combining the 

grass and legume as the sources of BNF in which the 

results can have a significant influence on the production 
and quality of forage in pasture, but each legume species 

has different capability of nitrogen fixation (Mosier et al., 

2001). The investigation on the BNF process in pasture is 

carried out to obtain a high forage production in critical 

dryland pasture. One type of superior grass and legume is 

dwarf napier grass  (Pennisetum purpureum cv.mott) and 

siratro legume (Macroptilium atropurpureum). The grass 

and legume are integrated in some compositions in critical 

dryland in order to determine its production and growth. 
Therefore, it will give better contribution to the 

availability of forage for ruminants for future livestock 

farming systems with high environmental and economic 

performances (Peyraud and Lüscher, 2009). 

Research Methods 

This research was conducted from 2015 to 2016 on 
critical dryland pasture in Bulo Timoreng Village, Panca 

Rijang Sub-District, Sidenreng Rappang District, South 

Sulawesi Province located between 3°48'22 "-3°51'54" 

South Latitude and 119°48'01" -119°53'32" East 

Longitude. The basic character of the soil and chemical 

composition were acquired in Tables 1 and 2. The land is 

characterized by a tilt level of 0-15 degrees. The 

implementation of this research occurs during the long 

dry season, but it is supported by water pump and 

adequate groundwater supply (drilling wells>20 meters) 

so that the experimental plants are in normal condition 

(groundwater is available). 
Analysis of materials and soil samples from the field 

was conducted at the Pasture Crop Laboratory, Chemical 

and Feed Nutrition and Integrated Laboratory of Animal 

Science Faculty of Hasanuddin University, Makassar. 

These laboratory results below acquired the average 

physical and chemical composition of field research soil. 

 
Table 1: The physical composition of field research soil 

Sample Spot 
Physical Composition --------------------------------------------------------------------------------- 
(Texture)  I  II  III   Averages (%) 

Dust 15.50 39 6 20.17 
Clay 10.06 4 3 5.69 
Sand 72.28 60 65 65.76 

Analysis of Chemical Feed Laboratory of Animal Science Faculty, Hasanuddin University, 2015 

 
Table 2: The chemical composition of field research soil 

                                                                    Samples 

 Chemical ----------------------------------------------------------- 

Data composition  I II III  Average (%) 

  pH  6.60 6.30 6.50 6.47 

 KCl (%) 5.20 5.40 5.60 5.40 

Organic Material Carbon (%) 0.85 0.15 0.60 0.53 

 Nitrogen Total (%) 0.20 0.14 0.20 0.18 

 Rasio C/N (%) 11.00 14.00 9.00 11.33 

Extract of HCl 25% P2O5 (mg/100gr) 11.00 10.00 11.00 10.67 

 K2O (mg/100gr) 23.00 22.00 24.00 23.00 

Olsen Bray-1 P2O5 (ppm) 16.00 11.00 9.00 12.00 

 K2O (ppm) 112.00 118.00 116.00 115.33 

Analysis of Chemical Feed Laboratory,  Animal Science Faculty, Hasanuddin University, 2015 
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Experimental Design 

The research arranged by Randomized Block Design 

(RBD) consisted of 4 groups of 4 treatments, that were P0 

which consisted of Control 100% dwarf napier grass ; P1 

consisted of 70% dwarf napier grass  and 30% siratro 

legume; P2 consisted of 50% dwarf napier grass  and 50% 

siratro legume; P3 consisted of 30% dwarf napier grass  and 

70% siratro legume. 
The parameter observed in this study is the 

influence of BNF in some components of forage 
growth, the combination of grass and legume. 

The effects of cropping system (crop rotation, 
manure and cover crops) were analyzed separately for 
each crop type and location using cropping system. 

The treatments as fixed effect were analyzed by using 
SPSS 16 software. 

Results 

Based on observations on the treatment of P0, P1, P2 

and P3, the morphology of siratro legume nodule is 

presented in the Fig. 1. 

The investigation of Biological Nitrogen Fixation 

(BNF) between dwarf napier grass and siratro legume 

contribute to an increase in the productivity of critical 

dryland pasture influenced by the ability of siratro 

legume to be symbiotic with nitrogen-fixing bacteria, it 

is presented in Table 3 to 6. 

 

The Influence of BNF to Root Length, Number and Weight of Nodules 

Table 3: The influence of BNF (dwarf napier grass with siratro legume) against the root length, the number of nodules and the 
weight of nodules 

  The Number The Weight 

Treatments Root Length (Cm) of Nodules (gr) of Nodules (gr) 

P0 10.28b±0.34 0.00c ±0.00 0.00c±0.00 
P1 11.34a±0.33 20.35b±0.30 0.21b±0.00 
P2 11.30a±0.00 20.45b±0.00 0.20b±0.00 
P3 11.27a±0.00 22.65a±0.34 0.26a±0.00 

Different superscript in the same column indicates significant difference (P<0.05) 

 

The Influence of BNF to Plant Growth 

Table 4: The influence of BNF (dwarf napier grass  and siratro legume) to plant height, leaf area, number of tillers and chlorophyll 

Treatments Height (Cm) Leaf Area (Cm2) Number of tillers Chlorophyll (Unit) 

P0 55.15c±0.00 74.54b±0.00 18.35a±0.37 24.45b±0.33 

P1 64.25a±0.01 125.49a±0.01 13.75b±0.37 33.62ab±0.33 

P2 61.49b±0.00 90.45b±0.00 10.45b±0.33 30.24ab±0.29 

P3 62.39b±0.00 89.76ab±0.00 7.35b1.00 34.57a±0.32 

Different superscript in the same column indicates significant difference (P<0.05) 

 

Plants Production 

Table 5: Average weight in fresh, dried material and organic material on integrated dwarf napier grass  with siratro legume 

Treatments Dry Matter (%) Organic Matter (%) 

P0 25.81b±0.00 88.12b±0.01 

P1 32.49a±0.00 87.29c±0.02 

P2 29.79a±0.01 89.75a±0.03 

P3 22.92c±0.00 89.22a±0.01 

Different superscript in the same column indicates significant difference (P<0.05) 
 

Protein Content and Crude Fiber 

Table 6: Average Protein and crude Fiber on integrated dwarf napier grass  with siratro legume 

Treatments Protein (%) Crude fiber (%) 

P0 8,13a±0.25 31,61 a±0.33 

P1 9,54b±0.01 32,87b±0.33 

P2 10,38c±0.34 35,71c±0.37 

P3 11,28d±0.32 36,35d±0.34 

Different superscript in the same column indicates significant difference (P<0.05) 
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Fig. 1: Nodule on siratro legume roots 
 

Discussion 

The Influence of BNF to Root Length, Number and 

Weight of Nodules 

Analysis of variance indicated that the 

investigation of BNF through the integration between 

dwarf napier grass and siratro legume significantly 

affected (P<0.05) the root length, the number and 

weight of nodules, as presented in Table 3. Among all 

treatments, P1 has a longer root compared to other 

treatments. The treatment with the highest number and 

the heaviest nodules was P3 compared to other 

treatments. It was caused by symbiosis between 

siratro legume and Rhizobium. The bacteria formed 

nodules on siratro legume (Fig. 1) and was able to 

bind nitrogen from the air. The contact between roots 

and soils, were sensitive to variations in soil 

conditions and microbial interactions (Wang et al., 

2011; Brown et al., 2013; Hossain, 2015) the most 

important N-fixing microbial agents are the symbiotic 

associations between crop and forage/fodder legumes 

and bacteria from the Rhizobia genus (Fustec et al., 

2010; Liu et al., 2011). Rhizobia are a group of 

organisms which are nitrogen-fixing in symbiosis with 

legumes. In legume symbiosis with rhizobium, nitrogen 

fixation process is closely related to the host plant 

physiology. A type of environmental stress commonly 

faced by nodules of legumes and its rhizobium is 

drought, high soil temperature in tropical and subtropical 

regions, affecting BNF in legumes (Zahran, 1999). BNF 

is a natural process that allows microorganisms to 

convert atmospheric Nitrogen (N2) into ammonia (NH3) 

(Kahindi and Karanja, 2009). Nitrogen-fixing root 

nodules are organs that need to assimilate large amounts 

of energy source in the form of photosynthate products 

either for the formation of nodule primordium 

(Complainville et al., 2003) and to provide energy for 

the N fixation performed by the Rhizobium and 

assimilation of the produced ammonium and starch 

biosynthesis (Dilworth et al., 2008). Rhizobium-legume 

has the ability to develop a partnership for forming 

nodules as a repository for fixing nitrogen that can be 

used by the legume and energy resources for the 

bacterium (Predeepa and Ravindran, 2010). 

The Influence of BNF to Plant Growth 

Analysis of variance indicates that plant growth 

(height, leaf area, number of tillers and chlorophyll) in 

the investigation of BNF through the integration 

between dwarf napier grass and siratro legume has 

significantly affected (P<0,05) plant growth. As 

presented in Table 4, the treatment having a good 

plant height and leaf area is  found in P1 treatment. 

The most number of tillers found in P0. On the 

analysis of chlorophyll, the high chlorophyll found in 

P3. It is due to the role of siratro legume in binding 

free nitrogen from the air and it can also help to enrich 

the soil. The formation of nodules is more able to 

increase further nitrogen fixation to form chlorophyll 

and enzymes (Apuzzo et al., 2014; Surtiningsih et al., 

2009). The increase of chlorophyll and enzymes can 

improve photosynthesis which can increase the 

vegetative and generative growth of plant. If the 

available N element is enough for plants, the 

chlorophyll content in the leaves will be increased and 

the photosynthesis process will also be increased in 

more assimilation (Tania et al., 2012). 
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Plant Production 

Analysis of variance indicates that the investigation 

of BNF through the integration of BNF between grass 
and legume significantly affected (P<0.05) plant 

production as presented in Table 5. P1 that indicated the 

the highest production of dry matter. While the highest 

production of organic material was P2 and P3. It was due 

to the highest contribution of nitrogen. It can supply the 

nutrients that plants require in the critical dryland 

through BNF process. Hasan et al. (2015) stated that 

grass and legume in BNF process can increase forage 

production in critical dryland pasture. The utilization of 

nitrogen fixation process as biological fertilizer is 

environmentally friendly cultivation technology, 

sustainable and able to increase crop productivity 
(Novriani, 2011). It is in accordance with a study 

(Baddeley et al., 2014) reporting that planting mixture 

with legume on pasture is highly significant. Therefore, 

the improvement of pasture was affected by nitrogen 

fixation which can improve forage production. the 

intercropping (integration) of grass and legume is one 

method to increase forage production as well as to 

decrease inorganic nitrogen fertilizers. In the case of N2-

fixing crops, the potential N fixation is assumed to be 

proportional to the dry matter increase and is limited by a 

maximum daily N fixation rate. Fixation has an 
associated energetic cost, reducing the daily dry matter 

accumulation (Berntsen et al., 2004). The intercropping 

(integration) of grass and legume is one method to 

improve forage production as well as to reduce inorganic 

nitrogen fertilizers (Indra, 2006). 

Protein and Crude Fiber 

Analysis of variance indicates that the investigation 

of BNF through the integration of BNF between grass 

and legume significantly affected (P> 0.01) protein and 

crude fiber as presented in Table 6. Treatment of P3 had 

the highest protein and crude fiber content compared to 

P0, P1 and P2 treatment. It was due to the effect of 

nutrient transfer from the legumes to the grass through 

the infection process to the grassroots by Rhizobium 

bacteria found in the grassroots. This was related to the 

research that showed nutrients transferring process from 

legume plants to grass plants through hyphae that infects 

grass root system (Herryawan, 2014). 

Conclusion 

The investigation of Biological nitrogen fixation 
(BNF)  has a better result on the growth and 
productivity of pasture in critical dryland. The best 
result was in P1 and P3 treatment. The utilization of 
BNF to critical dry pasture was very appropriate to 
reduce environmental problems and to reduce the use 
of chemical fertilizers (inorganic). 
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