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ABSTRACT 

	Aims: Acacia mearnsii tree has high economic value, and it can form a symbiosis with rhizobium bacteria. As an erosion control tree that grows in various types of soil, it is necessary to investigate the adaptability of acacia plants while in the nursery. This study aimed to determine the adaptability of acacia seedling growth to various types of soil.
Study Design:  The research was designed as an experimental study
Place and Duration of Study: Padang West Sumatera, Lab of Biotechnology Andalas University, started from April to October 2023.
Methodology: The method used in this research is a complete randomized design with seven treatments and five replications. The treatments were humus soil, beach sand, ultisol soil, coal mine, limestone soil, oxisol soil, and sandy loam soil. Variables observed were plant height, number of leaves, number of branches, number of root nodules, crown wet weight, crown dry weight, root wet weight, root dry weight, and plant dry weight. Data collected were analyzed using analysis of variance, and further statistical analysis was carried out using the Duncan Multiple Range Test at 5% significance level.
Results: The results of this study indicate that A. mearnsii plants can adapt well to three soil types, including coastal sandy soil, ex-coal mine soil, and sandy clay soil, in addition to humus soil (used as the control treatment). These soil types can be effectively utilized for reclaiming marginal land. The adaptability of A. mearnsii plants is evident from the observed growth and yield parameters, which include an increase in the number of leaves, shoot wet weight, shoot dry weight, root wet weight, root dry weight, shoot-to-root ratio, and overall plant dry weight. Moreover, the parameters that show a positive correlation with plant dry weight include plant height, the number of leaves, and the number of branches. Interestingly, the formation of root nodules in ex-mining soil increased significantly up to 19 times compared to humus soil.
Conclusion: In the seven types of soil used as planting media for adaptation study, the A. mearnsii could adapt well to coastal sand, former coal mines and sandy clay soil, thereby providing its promising potential as a soil conservation agent. 
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1. INTRODUCTION 

[bookmark: _Hlk211771213]«Indonesia has incredible natural resources such as vegetation or forests, land and water that are vital wealth and basic capital for national development. These kinds of natural resources have significant impact in producing various agricultural commodities in a sustainable manner. Therefore, the use of land resources for agricultural development needs to pay attention to their potential, in order to obtain optimal results. However, the biggest concern that threatens the sustainability of land resources is the conversion of land functions from agricultural to non-agricultural purposes. In addition, climate change also has an impact on land degradation caused by the loss of fertile topsoil, a decrease in the water holding capacity of the ground, which finally will ultimately reduce agricultural productivity.This phenomenon occurs in almost all regions in Indonesia. For this reason, in order to be used sustainably, it must be managed in a good way. One effort to develop agriculture in a sustainable manner is revegetation of marginal land using rational approach» (Kartikaningtyas et al. 2017).

A lot of benefits in agricultural and forestry ecosystems of Acacia sp. species have been reported (Koutika and Richardson, 2019). Some Acacia species such as Acacia mangium is claimed could adapt to various marginal lands for instance ultisol soil or on former limestone mining land. For that reason the species is popular for some land conservation studies (Sutedjo and Warsudi, 2017). “Some Acacia species are also known to be able to form a symbiotic relationship with rhizobium that can fix free nitrogen from the atmosphere. Besides, they could be used as shade trees, windbreaker, and erosion control and also could rehabilitate the physical and chemical properties of soil due to their particular characteristics’ traits” (Kartikaningtyas et al. 2017). 
[bookmark: _GoBack]“Another species known as Acacia mearnsii De Wild (also known as black wattle) is one of the legume tree species belonging to the Fabaceae family. The species is native to southeast Australia but widespread in tropical and subtropical regions because it has ability to grow and develop quickly in various weather conditions, geography, and can tolerate different soil types and altitude” (Erkovan et al. 2013; Koutika and Richardson, 2019). Measurements in cultivated forests more than 30 years old in South Africa have indicated that A. mearnsii may provide up to 200 kg of N ha−1 year−1 to the soil (Monteiro et al, 2019). A systematic review published by Lusizi et al (2024) concluded that most invasions of Acacia sp. resulted in increased quantities of soil organic carbon, total nitrogen, and gravimetric water content. A systemic profiling using metagenome approach of bacterial dynamic in rizhosphere as well as in endosphere zone of A. mearnsii seedling have proved the presence of a large number of N-fixing bacteria (Pramudia et al., 2023; As Shiddiq et al., 2023). Considering its potential in land conservation, we further study it possible adaptation in some marginal lands. In long term purpose this study was aimed to elucidate A. mearnsii possibility to be applied in land conservation of different marginal soils. Furthermore, due to climate change and harmful human activities that threaten food security, protection of agricultural land resources is especially important today. The cultivation of Acacia mearnsii shows promising potential as a soil conservation agent.
2. material and methods 

2.1. Location 
The research was carried out in Lubuk Minturun, Padang District, Province West Sumatera-Indonesia. The experiment was performed from April to October 2023 including data analysis. 

2.2. Plant Material and Meintenance
Seedlings of A. mearnsii were prepared from a collection of A. mearnsii nursery. The seedlings were chosen with 30 cm of height, grown in 10 cm polybag. During experiment no water was given in order to mimic natural condition. However, water was given only when after 2 weeks no rain is appeared.

2.3. Soil Material
In total seven soil types consisted of six marginal soils involving beach sand soil, former coal mining soil, limestone soil, oxisol soil, ultisol soil and sandy clay soil were used as treatment. The humus soil were used as control and regarded as optimal soil for A. mearnsii. In order to get an overview of soil characteristics some soil properties were measured before used as treatment. The soil characteristic analysis involved N-total (%), P-available (ppm), K-exchangeable, Al-exchangeable, C-organic, and Soil Organic Matter (SOM). All soil types were prepared in a polybag of 30 x 40 cm and placed in an open field. The position of each treatment is completely randomized and replicated 5 times.

2.4.  Growth Indicator
In total nine growth variables were measured weekly, started from 2 weeks after transplanted until week 25. The observed variables involved plant height, number of leaves, number of branches, number of root nodules, crown wet weight, crown dry weight, root wet weight, root dry weight and plant dry weight.

2.5. Statistical Analysis
Analysis of variance (Anova) was done using 5% level of significant, followed by Duncan Multiple Range Test (DNMRT) with 5% level of significant.

3. results and discussion
3.1 Soil Characteristics
Soil chemical and physical properties of all soils used as treatment in this study is presented in Table 1 and Figure 1. Based on soil acidity criteria, the soil media used falls between very acid to neutral (Table 1). Both Ultisol and Oxisol soil have pH value of very acid criteria based on the KCl pH standard, while Beach Sand soil is included in the slightly acid criteria, and ex-Coal Mining soil and Sandy Clay are included in the acid criteria. Humus soil is included in the neutral criteria based on both the pH value of H2O and the pH of KCl. Based on these considerations, Humus soil was used as a control in this experiment. Other chemical characteristics of soil samples tested included the amount of N-total (%), P–avail (mg/kg), K+-exch (cmol(+)/kg), Al3+-exch (cmol(+)/kg), C-org (%) and SOM (%). The data are displayed in Table 2.

Table 1. Soil acidity criteria for test samples used in the experiment*)

	Soil Type
	pH Criteria

	
	H2O
	Criteria
	KCl
	Criteria

	Sand Beach
	6.440
	moderate acid
	5.850
	moderate acid

	Ultisol
	4.87
	acid
	4.15
	very acid

	Ex-Coal mine
	4.97
	acid
	4.76
	Acid

	Ex-Limestone mine
	6.66
	neutral
	6.57
	neutral

	Oxisol
	4.51
	acid
	4.27
	very acid

	Sandy loam
	4.67
	acid
	4.12
	acid

	Humus
	6.85
	neutral
	5.77
	neutral


*) pH classification according to Pusat Penelitian dan Pengembangan Tanah (2005)


Table 2. Chemical properties of soil type used in the study
	Properties*
	Sand Beach
	Ultisol
	Ex-Coal Mine
	Ex-Limestone mine
	Oxisol
	Sandy Loam
	Humus

	N –total (%)
	0.108
	0.277
	0.287
	0.119
	0.519
	0.199
	0.942

	Class
	low
	moderate
	moderate
	low
	high
	low
	very high

	P–avail (mg/kg)
	6.208
	5.857
	2.255
	10.029
	8.068
	3.296
	7.426

	
	
	
	
	
	
	
	

	Class
	low
	very low
	very low
	low
	very low
	very low
	very low

	K+-(exch) (cmol(+)/kg )
	0.290
	0.3896
	0.4142
	0.3667
	0.4429
	0.4631
	0.5343

	Class
	moderate
	moderate
	moderate
	moderate
	moderate
	moderate
	moderate

	Al3+-(exch)
(cmol(+)/kg )
	0.000
	1.791
	0.000
	0.000
	7.698
	2.801
	0.000

	Class
	very low
	very low
	very low
	very low
	very low
	very low
	very low

	C-org (%)
	0.291
	1.827
	1.029
	0.241
	0.384
	1.842
	10.991

	Class
	very low
	Low
	Low
	very low
	very low
	low 
	very high

	
	
	
	
	
	
	
	

	SOM (%)
	2.371
	3.149
	1.774
	0.414
	0.663
	3.176
	18.949

	
	
	
	
	
	
	
	

	Class
	low
	low
	very low
	very low
	very low
	low
	very high


*) Properties classification according to Pusat Penelitian dan Pengembangan Tanah (2005)

Analysis of the N-total percentage of the seven soil samples tested exhibited values between 0.108 to 0.942 or according to the used criteria are from low to very high. The lowest percentage of N-total was shown by Beach Sand soil sample, while the highest percentage of N-total was obtained from the Humus soil sample. Other soil samples that have low N-total are Ex-Lime  Mining Soil and Sandy Clay Soil. Meanwhile, Ex-Coal Mining Soil has moderate N-total levels, and Ultisol and  Oxisol soil has high N-total levels.
The availability of P (P–avail) from the seven soil samples tested showed that six soil samples have very low criteria, only Ex-Coal Mining Soil that had P–avail levels with low criteria. The K+-(exch) values of all soil samples tested were included in the medium criteria, while the Al3+-(exch), of all samples showed very low values. The C-org levels of the seven soil samples tested were included in the criteria starting from very low, particularly those shown by the Beach Sand soil samples, the former Ex-Limestone Mine soil and the Oxisol soil. Three other soils, namely Ultisol, former Coal Mining soil and Sandy Clay soil, have low C-org levels. Only Humus soil has very high levels of C-org. Very high levels of organic matter (SOM) are also found in Humus soil. Meanwhile, Beach Sand, Ultisol and Sandy Clay soils have relatively low levels of SOM. The other three soils, namely former coal mining soil, former limestone mining soil and Oxisol soil, have very low levels of SOM.

3.2 Plant Growth
Basic adaptability of A mearnsii seedling to various types of soil were measured based on four growth parameters. This include: plant height, number of leaves, number of branches, number of number root nodules, shoot wet weight, shoot dry weight, root wet weight, root dry weight, shoot and root ratio, and plant dry weight. Data obtained at 25th week after transplanting (WAT) to their soil media are presented in Table 3.

Table 3. Average value of several plant growth parameters on the 7 types of soil tested.
	Soil Type
	PH (cm)
	NL
	NB
	NRN

	Sand Beach
	35.31
	10.14     b
	1.61
	      66.00      b

	Ultisol
	36.99
	10.84     b
	1.17
	  27.00      d

	Ex-Coal Mine
	32.75
	9.70  bc
	2.00
	   107.50      a

	Ex-Lime Stone
	31.17
	7.21     d
	1.58
	      20.50      e

	Oxisol
	28.96
	7.85     d
	1.81
	50.00    bc

	Sandy Loam
	31.81
	9.57   bc
	1.59
	3.00     fg

	Humus
	   36.42 ns
	14.10     a
	1.97ns
	         5.50     f


PH: Plant height, NL=number of leaves, NB=number of Branch, NRN=number of root nodules, ns=not significant. Number in the same column followed by similar letter is not significant in 5% level of α (significant level). 
Table 3 displays the average value of 4 growth parameters observed at 25th WAT. A total of 2 parameters showed significant differences to the average growth parameters. These four parameters include: number of leaves (NL) and number of root nodule (NRN). Plant height (PH) and number of branch (NB) did not show any significant differences in their growth parameter values among the seven-soil media tested. This is because the growth in plant height and number of branches is not dominant compared to the secondary plant growth, namely the number of leaves and number of root nodules. This result is in line with the results of research by Wasis and Islamika (2019), which stated that the height of Acacia plants, is not too dominant in the soil type of ex-mining land. In addition, number of leaves and number of root nodules showed significantly different in seven treatments. Plant growth can be supported with the right planting media. The number of leaves in humus soil was the highest compared to other treatments. Humus soil contains higher organic material so it can support plant growth. Organic material is porous, when added to the soil it will create pore space so that the bulk weight of the soil decreases (Malau and Utomo, 2017).
A mearmsii belongs to legume plant that can have a symbiotic relationship with rhizobium bacteria. The symbiosis between legume plants and rhizobium bacteria can fix nitrogen in the air so that it is available to plants and can grow quickly in soil that is poor in nitrogen (Diouf et al. 2003; Pramudia et al, 2023; As Shiddiq et al., 2023). Root nodules are the result of symbiosis between plant roots and rhizobium bacteria. After the main root forms root hairs or root branches, root nodules will form to facilitate increasing plant growth (Kumalasari et al. 2013). Inside the root nodules, bacteria will form bulging structures that can fix nitrogen from the free air and are known as bacteroids. In bacteroids there is nitrogenase, an enzyme that can reduce nitrogen gas (N2) from the air to ammonia (NH3) (Inagaki, et al., 2011). Root nodules those that actively fix nitrogen are generally large and pink in color caused by leghemoglobin (Hariyantho et al. 2021). When the leghemoglobin degrade, the color of the root nodules will get brown or black. In this research results, different various colors of root nodules are visible (Fig. 1).
[image: ]
Fig. 1. Performance of root nodules of A. mearnsii seedling after 25th WAT in ex coal-mine soil. A. Average size of root nodule, B. Different colors of root nodules are visible indicating degradation of leghaemoglobin.
3.3 Plant Biomass
Seven parameters involving shoots wet weight (SWW), shoots dry weight (SDW),  root wet weight (RWW), root dry weight (RDW), shoot-root ratio (SRR) and plant dry weight (PDW) were used to measure plant biomass. Analysis of variance showed that all the parameters are significantly different among the 7 types of soil studied (Table 4). In Table 4 it can be seen that the humus treatment showed the highest value of SWW, SDW RDW, SRR and PDW, while the Ex-Limestone soil on the other hand exhibited the lowest value of all those parameters. The highest SWW are observed in the treatment of beach sand and humus soil types, while the dry weight of the roots was the lowest in the treatment of the limestone soil type. The shoot and root ratio was also the highest in the humus soil type treatment and also the plant dry weight parameter which was used as a reference for acacia plant production in the nursery. In this research, it also showed the highest results in the humus soil type treatment. 
The root-shoot ratio is an important factor that can determine the quality of a plant's seeds because it describes the plant's ability to absorb water and minerals by carrying out the processes of transpiration and photosynthesis (Fitriani and Haryanti, 2016). Apart from that, the root shoot ratio parameter can also be an indicator of plant resistance for planting in the field. Root growth in large numbers and lengthwise can optimize the absorption of nutrients and water in the soil. The increased water absorption will be used by the plant for the process of photosynthesis and the distribution of photosynthesis to all parts of the plant.



Tabel 4. Average value of A. mearnsii seedling biomass growth in 7 soil types.

	Soil Type
	SWW (gr)
	SDW (gr)
	RWW (gr)
	RDW (gr)
	SRR 
	PDW (gr)

	Humus
	153.70  a
	92.05   a
	26.00   c
	10.51  a
	8.76   a
	102.56  a

	Beach Sand
	81.80  b
	35.91   b
	37.30   a
	12.41  a
	2.89   c
	48.32  b

	Ultisol
	17.80   f
	7.31   e
	10.85   e
	2.59    c
	2.82   c
	9.90   f

	Ex-Coal mine
	35.10 cd
	15.53   cd
	35.45  ab
	9.64    b
	1.61   d
	25.17   c

	Ex-Lime stone
	4.45    g
	2.02      f
	3.15   fg
	0.99    e
	2.04 cd
	3.01   g

	Oxisol
	37.55    c
	16.98   cd
	18.95    d
	2.19  cd
	7.75 ab
	19.17   d

	Sandy loam
	21.05    e
	11.34    d
	4.55     f
	1.62  cd
	7.00   b
	12.96 de


Note: the numbers with the same notation show that the results are not significantly different at the 5% level, (SWW=shoot wet weight, SDW=shoot dry weight, RWW=root wet weight, RDW=root dry weight, SRR= shoot-root ratio, PDW = plant dry weight).
3.4. Correlation Analysis
Acacia plants are planted for 7 months during nursery; the dry weight parameter of the plant is used as a reference parameter for crop yield and production. Correlation analysis was carried out between plant growth parameters and yields on plant dry weight parameters (Table 5).
Table 5. Correlation analysis between growth and yield parameters on plant dry weight in different marginal soil type
	Variable
	PH
	LN
	BN
	NRN
	SWW
	RWW
	PDW

	PH
	1
	0.8135
	-0.293
	-0.136
	0.035*
	0.290
	0.045*

	LN
	
	1
	0.018
	-0.238
	0.820
	0.037*
	0.038*

	BN
	
	
	1
	0.357
	0.045*
	0.543
	0.050*

	NRN
	
	
	
	1
	-0.130
	0.037*
	-0.013

	SWW
	
	
	
	
	1
	0.563
	0.990

	RWW
	
	
	
	
	
	1
	0.550

	PDW
	
	
	
	
	
	
	1


Keterangan: PH= plant height, LN=number of leaves, BN=number of branches, NRN= number of root nodule, SWW= shoot wet weight, RWW= root wet weight, PDW = plant dry weight

	Correlation analysis aims to study the relationship patterns between the characteristics of the outcome components and the results. In this case, the characteristic of the results used as a comparison is the dry weight of the plant. The results of the correlation analysis showed that there were positive and negative correlations between variables on plant dry weight. Characters that are positively correlated with plant dry weight are plant height, number of leaves and number of branches. Meanwhile, the parameter number of root nodules showed that the results were negatively correlated with plant dry weight. This shows that the higher the plant biomass, the lower the number of root nodules produced by acacia plants. This is in line with the results in Table 3 and Table 4 showing that the number of root nodules in the humus soil treatment was the lowest but the dry weight of the plants was the highest. A significant correlation value means there is a strong relationship, not because of chance but a real relationship between the two variables (Lelang, 2017).


4. Conclusion

In the seven types of soil used as planting media for adaptation of acacia seedlings, the results showed that apart from humus soil (control treatment), acacia seedlings could adapt well to coastal sand, former coal mines and sandy clay soil and could be used as a type of soil. land for land reclamation of marginal land. The acacia seedlings can adapt well to this type of soil, which can be seen from the growth and yield parameters, namely number of leaves, shoot wet weight, shoot dry weight, root wet weight, root dry weight, shoot and root ratio, plant dry weight. Parameters that are positively correlated with plant dry weight are plant height, number of leaves and number of branches.
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