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ABSTRACT

This study aims to determine the characteristics of peat with different depths in supporting the growth and productivity of oil palm (Elaeis guineensis Jacq.). The research was carried out at the PT Kaswari Unggul Palm Oil Plantation, which is located in Dendang District, East Tanjung Jabung Regency, Jambi Province. Using survey and test methods in the laboratory. The experimental design was carried out unformatted and the location was chosen intentionally. The land selected as samples are peat with a depth of (100 and 300 cm). Observation; Plant height, Number of Fresh Fruit Bunches (FFB), Stem Circumference, FFB Weight, Midrib Length, and Palm Oil Productivity, Light Intensity. Soil analysis; available-P, total-Fe-, total N, organic-C and CEC, pH, Al-exchange, total-K, Soil Moisture, and Peat Maturity. Data were analyzed by inference method using paired t-test with 5 % level. The results showed that the: (1) shallow peat has a maturity level of sapric peat (very ripe) and peat in hemic maturity (slightly ripe). (2) The depth of peat will affect the value of total-N, pH, P Bray 1 (available-P) and K-exchange, and has no effect on organic-C, total-Fe, CEC, and Al-exchange. (3) The growth and production of oil palm on shallow peat is better than on deep peat.
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INTRODUCTION
Oil palm (Elaeis guineensis Jacq.) is the leading commodity of Indonesian plantations. Palm oil is proven to make a big contribution to the Indonesian economy through private companies, state-owned companies and smallholders, supplying 85% of global palm oil. Indonesia has 14 million hectares (ha) of oil palm (Purnomo et al, 2020). Oil palm is a plant that has a wide adaptation distribution, can grow in various agroecosystems and provides production potential ranging from dry land (Ultisol, Inceptisol, Oxisol) to soil that develops in tidal swamp diagroecosystems into peat and acid sulphate (Pahan, 2008). 
Jambi Province is a province that has the 3rd largest peatland on the island of Sumatra. The area of ​​peatland in Jambi province reaches 736,227.20 ha or 14% of the total area of ​​Jambi province which is spread over 6 regencies, namely Tanjung Jabung Timur Regency covering an area of ​​311,992.10 ha, Muaro Jambi Regency covering an area of ​​229,703.90 ha, Tanjung Jabung Barat Regency covering an area of 154,598 ha, Sarolangon Regency covering 33,294.20 ha, Marangin Regency covering an area of ​​5,089.80 ha, and Tebo Regency covering an area of ​​829.20 ha (Nurjanah et al., 2013).

The importance of handling peatlands has caused the Indonesian government to issue a regulation through the Minister of Agriculture Number 14 of 2009 concerning water regulation in drainage channels adjusted to a depth of 60 cm to 80 cm, to maintain water availability and avoid flammable land.

The success of the development of plantation crops on peatlands is strongly influenced by the physical and chemical conditions of the peat soil, including: (1) the thickness of the peat that is allowed to be reclaimed for agricultural/plantation land < 400 cm; (2) low fertility rates, both macro and micro; (3) the level of soil acidity is relatively high, pH <3.5 (very acidic), with a relatively high organic acid content (Saragih et al, 2013; Inisheva, 2006; Wosten et al, 2008).

 In terms of soil fertility, peat is very diverse, the nature and character of the soil is strongly influenced by the ecosystem, chemical, physical and biological properties of the soil. Soil chemical characteristics and characteristics on peatlands include very low/acidic pH of peat soil, low availability of macro and micro elements, except for available P and Fe (high) and total N content (medium), cation exchange capacity (CEC) and low base saturation (BS). The limiting factor of this peat soil is its low fertility. The decomposition of lignin-rich woody material in peat soils occurs under anaerobic conditions, producing aliphatic and phenolic acids where most of these acids are toxic to plants (Septiana et al, 2017; Nurulita et al, 2016 ; Agus et al, 2019; Middleton et al, 2012).
Hartatik, (2011) classifies peat into three levels of fertility based on the content of P2O5, CaO, K2O, and ash content, namely; (1) eutrophic peat with high fertility with P2O5 > 0.25%, CaO > 4.0%, K2O > 0.10%, and ash > 0.25%; (2) mesotrophic peat with moderate fertility with P2O5 0.20-0.25%, CaO 1-4.0%, K2O 0.10%, and ash 0.20-0.25%; (3) oligotrophic peat with low fertility with P2O5 content of 0.05-0.20%, Ca0 0.25-1%, K2O 0.03-01%, and ash 0.05-0.20%.

Oil palm can grow well in soils characterized by a low pH and the presence of a sulfate horizon, overlying sulfide material, mostly pyrite (FeS2) if proper water management practices are followed (Shamshuddin et al., 2014). Oil palm plantations on peatland can produce FFB 20.25-23.74 ton.ha-1 (Bachia, 2006), according to Wiratmoko (2008) that oil palm planted on topogenous peatlands can produce FFB 19.64-25.53 ton.ha-1, as a comparison. According to Lubis (2008), oil palm concessions on mineral lands can produce an average of 22.26 ton.ha-1 of FFB with a peak production of 27.32 ton. ha-1.

The productivity of oil palm plantations in Malaysia shows yields for shallow peat of 19.1 ton.ha-1, and 16.5 tons/ha on medium peat, and 11.9 ton.ha-1on deep peat (Pahan, 2008). Winarna and Mahutomo (2008), reported the average productivity of oil palms aged 6-10 years in six oil palm plantations on peatlands of Labuhan Batu district, each plantation, Ajamu 12.5-22 ton.ha-1; Torgamba 17.5-23 ton.ha-1; Marbau 11.20 ton.ha-1; and Adipati gardens 17-18.5 ton.ha-1. While the production of oil palm peat in West Kalimantan in the 8th year is around 14 ton.ha-1 (Saragih et al. 2013). Furthermore, Winarna (2007), reported that the productivity of oil palm plantations on sabrik peatland can reach 27 ton.ha-1 if managed properly.

The results of research by Veloo et al (2015) found that different types of peat had a significant effect on oil palm yields. Peat maturity has the most significant influence on yield. Sapric peat showed a yield range of 19.48-22.92 ton.ha-1compared to hemic peat which ranged from 9.47-13.37 ton.ha-1.

The potential for oil palm production on peatlands is generally low and very diverse, therefore it is necessary to study the growth and production of oil palm (Elaeis guineensis Jacq.) at different peat depths in an area.
MATERIALS AND METHODS
This research was carried out at the PT Kaswari Unggul Oil Palm plantation, which is located in Dendang District, East Tanjung Jabung Regency, Jambi Province, from January to March 2021. Analysis of soil sample in the laboratory of the Jambi Agricultural Technology Study Center.  

The tools and materials used are maps, meters, peat drills, lux meters, Leaf Color Charts, cameras, GPS (Global Positioning system), soil Moist pH meters, oil palm scales, stationery, oil palm plant variety D x P SP 2 aged 17 years old uniform planted in peat areas with a depth of 0-100 cm and 0-300 cm.

The experimental design was carried out unformatted (Unformated Trials) and the location was chosen intentionally (porpusively) because at that location there were plants under study and were uniform. Determination of sampling locations based on differences in peat soil depth, namely:

P1 : Depth 100 cm (1 m)

P2 : Depth 300 cm (3 m)
Preliminary survey conducted that the area contains 300 ha of shallow peat (0-100 cm), and 200 ha of deep peat (0-300 cm), in blocks in the form of blocks which are limited by drainage channels (canalization) with a water level of 60 cm. At this stage, the determination of observation points in the field is carried out based on map analysis. The sample point consists of 3 points. Each point is determined using GPS (global positioning system). Where the distance between the first point and the drainage channel is 50 meters. The distance between the first point and the next point is 100 meters. The peat soil depth measurement at each location was drilled using a peat drill from the top layer to the mineral soil layer. The land (block) chosen as the sampling site was peat with a depth of (0-100 cm) and (0-300 cm).

Sampling in this study using the Systemic Sampling method. If the plant population is more than 100 then the sample plants are taken 15% while if the plant population is less than 100 then the sample plants are 50% . The location of the plants that were sampled was recorded at the coordinates and altitude of the place using GPS. The data were analysed using tabulation and metode of inference method data paired t-test with a standard of 5%.
Observations consisted of: Plant height (cm), Number of Fresh Fruit Bunches (FFB), Stem Circumference (cm), FFB Weight (kg), Midrib Length, and Palm Oil Productivity (ton ha-1 ), Light Intensity. Soil analysis consists of; Available P (Bray-I), Fe-total (diethylene triamine penta acetic acid extract), total N (Kjeldahl), organic-C (Walkley Black) and CEC (NH4Oac.pH 7 titration), pH H2O (1:1) electrometric method, Al- exchange (N KCl titration), total-K, Soil Moisture, and Peat Maturity (Von Posh Scale Test).

RESULTS AND DISCUSSION
The results of data analysis from observations of oil palm plantations from different peat depths are listed in the following table:
Tabel 1. Average Value of Observation of Oil Palm at Different Depths of Peat.

	No
	Description
	Peat Depth
	p value

	
	
	P1 Shallow       (100 cm)
	P2 Deep         (300 cm)
	

	1
	Plant Height (cm)
	703.3
	617.3
	0.001*

	2
	Stem Circumference (cm)
	205.0
	195.9
	0.112

	3
	Midrib length (cm)
	635.3
	633.3
	0.856

	4
	Number of Bunches
	3.4
	3.6
	0.364

	5
	Bunch Weight (kg)
	17.4
	15.2
	0.031*

	7

	Palm Oil Productivity (ton.ha-1)
	21.7
	19.7
	


Description: * Significantly different p < 0.05.
Based on Table 1, it can be seen that the plant height of oil palm cultivated on shallow peat, significantly different from the plant height on deep peat. Weight of oil palm bunches cultivated on shallow peatlands , significantly different from the weight of bunches on deep peatlands . The results of observations on stem circumference, midrib length and number of bunches were not significantly different at different conditions into the peat. Oil palm productivity, it was 21.7 tons ha-1  on shallow peatlands, and 19.7 tons ha-1  on deep peatlands.
The results of observations on the light intensity on shallow peatlands were 733.3 (lux), not significantly different from the light intensity on deep peat, which was 780 (lux). Meanwhile, the soil moisture for shallow peatlands was 69.7%, significantly different from the soil moisture for deep peatlands, which was 76.5%.

Tabel 2. Peat Maturity Rate.

	No 
	Coordinate
	Depth
	Maturity
	Description

	1
	S=01.28044°
	100 cm
	Saprik
	H9

	
	E=103.88228°
	
	
	

	2
	S=01.28409°
	100 cm
	Saprik
	H8

	
	E=103.86514°
	
	
	

	3
	S=01.28333°
	100 cm
	Saprik
	H8

	
	E=103.86533°
	
	
	

	4
	S=01.28792°
	300 cm
	Hemik
	H7

	
	E=103.85954°
	
	
	

	5
	S=01.28915°
	300 cm
	Hemik
	H7

	
	E=103.85953°
	
	
	

	6
	S=01.28849°
	300 cm
	Hemik
	H7

	 
	E=103.85955°
	 
	 
	 


S=South                        E=East            H=Humifikasi

From Table 2 The results of soil observations showed that the level of peat maturity in Shallow Peat was in the Saprik type, namely mature peat, and Inner Peat was in the Hemic peat type, namely semi-ripe peat. Shallow peat maturity is saprik H8, while on deep peat it is Hemik H7. These results are based on the Von Posh Scale Test. Kirana et al (2016) state that on Sumatran peatlands hemic (deep) peat and sapric (shallow) peat were found. Based on the decomposition level of peat, hotspot clusters are mostly found in ‘hemic’ peat land maturity level and land use type of  swamp forest.


Different peat depths will get different total-N, pH, P Bray 1 (available-P) and K-dd soil. At the depth of Shallow Peat, the total N is in the medium criteria and lower when compared to the Deep Peat which is in the low criteria. Shallow Peat has lower P availability (medium criteria), when compared to Deep Peat (high criteria). The pH for Shallow Peat is acidic, while for Deep Peat it is very acidic. K--exchange is at low criteria in Shallow Peat and very low criteria in Deep Peat (Table 3). 

The peat soil had a very high organic matter content, the very low total concentration of exchangeable cations (Ca, Mg, K, Cu, and Zn) indicate that the exchangeable sites in peat are dominated by acidic cations (H+ , Al3+, and Fe2+). A reported range for NH4+ and NO3- is not available. Soil available P, exchangeable K+ , Mg2+, Ca2+, Cu2+ and Zn2+ were all low which could be due to rapid uptake by plant at the site as reported by Hashim et al (2019).



From the soil analysis in Table 3, it can also be seen that at different depths of peat there was no difference in organic-C, total-Fe, CEC, and Al-exchange. Organic-C is in high criteria, total-Fe is in medium criteria, and K--exchange is in low criteria.

Tabel 3. Peat Soil Analysis Results on total-N (%), Available-P (mg kg-1), CEC (cmol(+)kg-1), pH, organic-C (%), K- exchange (cmol(+) kg-1 ), Al- exchange (cmol(+)kg-1) and total-Fe (%).

	Peat Depth
	Total-N
	org.-C
	    P    
	pH
	Total-Fe
	CEC
	Al- exchange
	K- exchange

	P1  shallow peat   (100 cm)


	0.19m
	13.28h
	23.3m
	5.5s
	12.86m
	11.6h
	0.99 l
	0.14 l

	P2

deep peat       (300 cm)
	0.10 l
	11.99h
	27.60h
	4.0vs
	8.43m
	18.85h
	0.52 l
	0.04vl


 Lowercase letters in each column indicate the criteria for assessing soil properties (LPT, 1983) l: low, m: medium, h: high, vs: very sour, s: sour, vl: very low.
From the results of research on two different land conditions, the productivity of FFB (Fresh Fruit Bunches) on shallow peat is higher than on deep peat. The productivity of FFB (Fresh Fruit Bunches) in shallow peat is 21.71 ton.ha-1, while deep peat is 19.69 ton.ha-1. This is presumably because the physical and chemical properties of the soil are very different. Shallow peat is classified as sapric peat, which is peat with a higher maturity level than deep peat, which is Hemic, which is semi-ripe peat. In shallow peat the soil is more fully decomposed/mature and provides nutrients that can be absorbed by plants, so that plants grow better. According to Gardner (1991) that the increased vegetative growth of plants will affect the increased absorption of nutrients and water by plants, the rate of photosynthesis of plants also increases so that more photosynthate is produced, therefore more nutrients are absorbed by plants and more and more nutrients are absorbed by plants. a lot of photosynthate that accumulates in roots, stems, and leaves, will affect crop yields.

Shallow peat maturity is sapric maturity while deep peat has hemic maturity, this is in line with the opinion (Noor, 2001), the deeper the peat layer, the higher the humidity, maturity and ash content, lower soil fertility. This causes the growth and production of palm oil is not optimal.

At PT. Kaswari Unggul setting the water level has been done well. Ditches in each block as production evacuation access and overflow channels are made to regulate the water level so that flooding does not occur in the rainy season and does not recede in the dry season. Efforts to increase production by fertilizing 2 rotations in 1 year on shallow peat soil and deep peat with the same type and dose of fertilizer, namely, dolomite fertilizer as much as 1 kg.plant-1, NPK fertilizer as much as 3 kg.plant-1.
The growth of stem circumference and height of oil palm plantations on shallow peatlands is better than on deep peatlands, this can be caused by higher soil N-total content and higher soil pH and nutrients can be absorbed by plants well in shallow peatlands. Yanto (2018) explained that the availability of nutrients that can be absorbed by plants is one of the factors that affect plant growth in cell enlargement which results in the diameter of the stems of oil palm plants. Furthermore, the results of Soewandita's research (2018) stated that the pH value of peat decreased significantly based on the depth of the peat cover, the CEC value significantly increased according to the increase in the depth of the peat layer, while the exchangeable K and Ca values ​​were low due to leaching. Ratmini (2012) found that the decrease in pH in deep peatlands was due to the accumulation of organic acids because peat was still in the type of peat with a lower maturity level.

Leaf color on shallow peat palm oil was 4.6 (light green) while on deep peat the average leaf color was 3.6 (light green). Healthy and fertile oil palms are oil palms with dark green leaves and slightly younger midribs (Pahan, 2008).

 The average light intensity on shallow peat is 733.3 feet candle, while the average light intensity for deep peat is 780 feet candle. These results indicate that the light intensity of deep peat is 46.7 feet higher than that of shallow peat. The light intensity needed by oil palm plants is around 50% to 75% (Jailani et al., 2018).
The results of soil analysis showed that shallow peat and deep peat had high organic C values, namely, shallow peat 13.28 % and deep peat 11.99 %. Shallow peat N value 0.19% is moderate compared to 0.10% deep peat N value is low. According to Hartatik (2011), in peat soil the availability of N for plants is relatively low because N in peat soil is available in the form of organic N, therefore, to meet the optimal N needs of plants, N fertilization is needed.

 The K value in shallow peat is low at 0.14% and in very low peat, at 0.04%. According to Winarso (2005), the availability of K-dd in the soil is strongly influenced by parent material/type of soil organic matter and sea/river water intrusion. The P value in deep peat is higher than shallow peat, namely, deep peat 27.6 ppm and shallow peat 23.3 ppm. This increase in total P-value is thought to be due to the application of P fertilizer to oil palm plants. This is in accordance with the research of Mindawati (2010), which said that the treatment of fertilizer application in monoculture gardens with acacia commodities on peatlands was able to increase soil P even though the pH was still very low. Phosphorus is the second essential nutrient after N, where phosphorus plays a role in promoting root growth, seed and fruit formation, activating enzymes and promoting plant generative growth (Hanafiah, 2014). Deficiency of elemental phosphate can lead to reduced cell division, carbohydrate metabolism, dissolved protein levels and dry matter accumulation (Lambers and Plaxton, 2015)

Cation exchange capacity (CEC) on deep peat soil is higher than shallow peat, namely 18.85 ppm deep peat and 11.60 ppm shallow peat (Table 10). Nurhidayati (2017), explained that the high CEC value of a type of soil, especially peat soil, is strongly influenced by the reaction of the soil or pH-soil, base saturation, the number of base cations, types of organic matter, liming and fertilization. The Fe value of shallow peat soil is 12.86 ppm, and deep peat soil of 8.43 ppm is moderate and the Al value of shallow peat is 0.99 cmol and deep peat is 0.55 cmol is low.

The average pH value from field research on shallow peat is 5.5 and deep peat 4. It can be seen that the pH of shallow peat and deep peat is close to neutral. The optimal soil acidity for oil palm is pH 5.0-6.0, (Malangyoedo, 2014). The results showed that the moisture of shallow peat soil was 69.7% while deep peat was 76.5%. According to Pahan (2008) the optimal humidity for oil palm plants is 75%.
CONCLUSIONS

Shallow peat has a more mature level of peat (sapric) than deep peat (hemic). Different peat depths will get different total-N, pH, P Bray 1 (P-available) and K- exchange, and there is no difference in organic-C, total-Fe, CEC, and Al- exchange. Oil palm growth (plant height, stem circumference, midrib length, number of leaves) on Shallow Peat is better than Deep Peat. The productivity of oil palm FFB (Fresh Fruit Bunches) found on Shallow Peat land is 21.71 ton.ha-1 higher than on Deep Peatland (19.69 ton.ha-1).
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