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Abstract 

Salak [Salacca zalacca (Gaertn.) Voss] var. amboinensis cv. Gulapasir has been officially released by the Minister of 
Agriculture of the Republic of Indonesia since 1994. Salak ‘Gulapasir ’is one of five types of fruit that have been designated 
as the superior fruit of the Bali Province. Salak ‘Gulapasir’ is preferred by consumers due to its specific fruit flesh taste. 
Salak ‘Gulapasir’ was propagated using seeds so that a new type of salak emerged. However, the characters of this new type 
of salak ‘Gulapasir’ are not yet known. The research objective was to obtain the superior products of Salak ‘Gulapasir’ both 
in quantity and quality. The research used a Randomized Block Design with three replications. The non-independent 
variable was the three of Salak ‘Gulapasir’ (SGP): SGP var. nangka (N), SGP var. nenas (NS), SGP var. gondok (G), and six 
sites, namely  Karangasem: (K < 560 m asl,  K 560 m to 650 m asl,  and K > 650 m asl)  and  Tabanan: (T < 560 m asl,                  
T 560 m to 650 m asl, T > 650 m asl). Observations were made on the agronomic characters and fruit quality.  Data were 
analyzed using variance analysis, and if the planting location and varieties show a difference, then it is followed by the LSD 
test at the 5 % level. The results showed that different varieties caused different fruit weights, fruit bunches, TSS, and total 
acid ratio. In Karangasem and in Tabanan, SGP var. nangka grows ideally at an altitude of 560 m to 650 m asl with fruit 
weight per tree of 1.62 kg-1 and 1.29 kg-1, respectively. SGP var. nenas and SGP var. gondok are ideal for cultivating at an 
altitude of < 560 m asl both in Karangasem and Tabanan, but the fruit production of SGP var. nenas and SGP var. gondok is 
higher, respectively 19.29 % and 15.31 % when planted in Karangasem, while the SGP var. nenas showed the highest 
number of fruit bunches-1 in six locations. Further research can be applied using sustainable salak organic agriculture to 
maintain soil fertility. 

Keywords: Altitude, Improve soil fertility, Organic potassium fertilizer, Organic salak, Salacca zalacca (Gaertn.) Voss, Salak sustainable 
agriculture, Snake fruit, Tropical fruit 
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1. Introduction 

Salak [Salacca zalacca (Gaertn.) Voss] var. 
amboinensis cv. Gulapasir is one of the essensial fruits in 
Indonesia, and the plant can be found in most regions of 
Indonesia (Rai et al., 2016; Ritonga et al., 2018).  The 
salak fruit belongs to the family Palmae or Arecaceae and 
is native to the Indonesian-Malaysian region (Hakim et al., 
2019; Zumaidar et al., 2014). One of the extraordinary 
strengths of this fruit commodity for Indonesia is the 
possession of high genetic diversity (Budiyanti et al., 
2019).  Also, the nutrition of salak fruit is rich in 
antioxidants, phenolics, vitamins, and minerals (Cepkova 

et al., 2021; Mazumdar et al., 2019), and  a good source of 
income and provides livelihood opportunities on seasonal 
days (Khan and Idrees, 2021). Furthermore fruit flesh and 
peel have shown tremendous anti-inflammatory, 
anticancer, antidiabetic (Saleh et al., 2018), and anti-aging 
agents (Girsang et al., 2019). Antioxidants are chemical 
compounds that play an essential role in protecting cells 
due to attacks against free radicals-induced damage to 
biomolecules (Damat et al., 2019, 2020; Puspitasari and 
Ningsih, 2016; Setyobudi et al., 2019). Despite its 
incredible food and medicinal benefits, salak fruit is still 
underutilized and unknown globally so that this 
underutilized fruit remains an issue for future sustainable 
utilization and commercial value enhancement market 
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(Mazumdar et al., 2019). Fruit quality is an important 
issue, especially for products that are consumed raw and 
fresh. One of the problems is the lack of fruit quality 
because of inadequate information about superior salak 
(Budiyanti et al., 2019; Herawati et al., 2018). Therefore, 
it is necessary to select superior salak to meet market 
demand and serve community nutrition.  

Salak ‘Bali’ is quite a lot, based on the shape, aroma, 
taste, and skin colour of the location where the plants are 
cultivated (Sumantra et al., 2012, 2014; Sumantra and 
Martiningsih, 2016, 2018).  Under the Decree of the 
Minister of Agriculture of the Republic of Indonesia in 
1994, Balinese zalacca was grouped into two superior 
zalacca: Salak ‘Bali’ (SK Mentan, 1994a) and Salak 
‘Gulapasir’ (SK Mentan, 1994b). The second type, the 
salak ‘Gulapasir’ (SGP) is the most superior salak because 
of its sweet fruit taste; even though the age of the fruit is 
still young, thick fruit flesh and seeds are not attached to 
the fruit flesh (Rai et al., 2014; Sumantra et al., 2016). The 
nature of this fruit is ideal for meeting market demands for 
both the domestic and export markets (Martiningsih et al., 
2018). Salak ‘Bali’ is monoecious, so crossing does not 
need human help (Herawati et al., 2018), and can quickly 
develop using seeds (Sumantra and Martiningsih, 2016). 
Another advantage of salak plants in Indonesia compared 
to other fruits is harvest 2 to 3 times a year if management 
is good (Rai et al., 2016; Warnita et al., 2019).  The 
expansion of salak ‘Gulapasir’ planting causes variations 
in phenotypic diversity. People can find two to three types 
of salak plants with a marker, fruit shape, aroma, flesh 
colour, and fruit weight (Martiningsih et al., 2018).  The 
results of this study mean that the emergence of plant 
diversity due to plant propagation is done by seeds so that 
new varieties of salak ‘Gulapasir’ (SGP) appear, as 
reported by Sumantra and Martiningsih (2016). Based on 
the marker that can be used as a differentiator, salak 
farmers give it the name of SGP var. nenas, SGP var. 
gondok, and SGP var. nangka. The three varieties have not 
yet identified their advantages in meeting market needs in 
line with the results of research (Sumantra and 
Martiningsih, 2016). The performance and produce are 
influenced by the characteristics of the agricultural 
ecosystem, particularly microclimate and endogenic 
factors such as carbohydrate contents, nutrient status 
(Adelina et al., 2021a; Kumar et al., 2020) and growth 
hormone (Prihastanti and Haryanti. 2022; Rai et al., 2016). 

The salak ‘Gulapasir’ plantation in the District of 
Bebandemis the main producer of salak ‘Gulapasir’ in Bali 
is located in the southern part of Mount Agung with an 
altitude of 450 m to 700 m above sea level (m asl). The 
effect of altitude on plant growth and production is related 
to plant adaptation to temperature (Sumantra, et al., 2014), 
full sunlight (Sukawijaya et al., 2009), water status and 
soil quality (Raharjo et al., 2022; Rai et al., 2014; Ritonga 
et al.,2018).  Salak plants are not resistant to full sun but 
50 % to 70 % enough, therefore it is necessary to have 
shade plants (Sukawijaya et al., 2009; Sumantra et al., 
2012). The effect of altitude on plant growth and 
production is related to plant adaptation to plant tolerance 
to temperature (Fenech et al., 2019). Water status and soil 
quality really determine the fruit set on the salak 
‘Gulapasir’. Low rainfall reduces the Relative Water 
Content in leaves (RWC), leaf chlorophyll content, and 
plant nutrient uptake (Rai et al., 2014). Soil quality 

included the suitability of the physical, chemical and 
biological properties (Raharjo et al., 2022). Nuary et al. 
(2019) stated that the distribution of the salak ‘Pondoh’ 
plantation area in Sleman (Yogyakarta, Special Region) 
was greatly influenced by temperature and rainfall. The 
contribution of temperature in the modelling reached                
38.6 % while the rainfall was 27.8 %. Furthermore, taking 
into account the probability of the temperature variable, 
the average temperature ranges from 17.41 °C to 25.65 °C, 
and the ideal month's rainfall ranges from 385.24 mm to 
505.01 mm. 

Ascorbate content is influenced by abiotic factors, 
especially temperature and light (Fenech et al., 2019; 
Setyobudi et al., 2021, 2022). Therefore, variety 
differences may depend on growing requirements and 
cultivation techniques. Likewise, Puspitasari et al. (2016) 
stated that tannin content, fruit size and flesh colour of 
salak fruit are strongly influenced by where it grows. Other 
studies also explain that salak ‘Gulapasir’ var. nangka 
which is grown 570 m asl, would result in a higher quality 
of fruit that includes thickness of the mesocarpium, edible 
portion of fruit than compared to above and below 570 m 
asl (Sumantra et al., 2014; Sumantra and Martiningsih, 
2016). Meanwhile, fruit weight and fruit quality of var. 
gondok and var. nenas have not been reported. Therefore, 
one way of handling salak quality is by undertaking severe 
studies for factors such as land and climate and adjusting 
agricultural patterns according to local climate conditions 
(Nassar et al., 2018). The success of each species to 
occupy the environment of an area is influenced by its 
ability to adapt optimally to all physical environmental 
factors (temperature, light, soil structure, humidity), biotic 
factors (interaction between species, competition, 
parasitism), and chemical factors including the availability 
of water, oxygen, pH, and nutrients (Nassar et al., 2018; 
Widyastuti et al., 2022). Moreover, a broad genetic 
variability would lead to wide phenotypic variability due 
to the effect of genetic-environment interaction (Ritonga et 
al., 2018).  The research objective was to obtain several 
superior salak ‘Gulapasir’ both in production and fruit 
quality (sugar and acid ratio, vitamin C and tannins) in six 
different agricultural ecosystems in Bali. This research was 
important to do to get the suitability and adaptation of the 
types of salak based on the altitude where it grows so that 
in the future, its development will be able to provide 
maximum results according to existing agro-ecosystem 
conditions. 

2. Materials and Methods 

2.1. Experimental site  

The research was conducted in Tabanan and 
Karangasem Regencies. Tabanan and Karangasem were 
selected as research locations because the domination of 
salak  'Gulapasir' in these two regencies was the highest. In 
2021, the salak  'Gulapasir' population in Tabanan was                 
84 % of all salak species, while in Karangasem Regency 
the dominance of the salak 'Gulapasir' was more than 63 % 
(Sumantra et al., 2022). 

The study was carried out in six different locations, 
three sites in Karangasem Regency and three sites in the 
district of Tabanan.  Locations in Karangasem (K) are 
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lowlands (K < 560 m asl) which include several places, 
namely Telaga, Dukuh, and Karanganyar.  Karangasem in  
the moderate plains (K 560 m to 650 m asl) has several 
areas, namely Kecing and Kutabali and highlands (K > 650 
m asl), namely Tanah Apo and Kresek (Figure 1).  

 
 

Fig. 1. Research map and sampling point in Karangasem (K) 

 
The research location is in Tabanan (T) in the lowlands 

(T < 560 m asl), including Wanagiri, Sari Buana, and 
Mundeh Kauh. Tabanan in the medium lands (T 560 m to 
650 m asl) includes several places, namely Pajahan, Kebon 
Jero, and Angseri. Tabanan in the highlands (T > 650 m 
asl), namely Munduk Temu, Pempatan, and Batungsel 
(Figure 2).  

 

Fig 2. Research map and sampling point in Tabanan (T) 

The non-independent variable was the three varieties of 
Salak ‘Gulapasir’ (SGP): SGP var. nangka (N), SGP var. 
nenas (NS), SGP var. gondok (G), and six sites, namely  
Karangasem (K): (K < 560 m asl,  K 560 m to 650 m asl,  
and K > 650 m asl)  and  Tabanan (T): (T < 560 m asl,                     
T 560 m to 650 m asl, T > 650 m). Repetition was carried 
out three times with the number of sample plants in each 
location, and cultivars were seven plants.  The treatment 
tested is as shown in Table 1. 
 

Table 1. Treatment of plant location and three varieties of ‘Gulapasir’ salak 

No Treatment Explanation 

1 NT < 560 m asl Salak GP var. nangka Tabanan < 560 m asl. 

2 NT 560 m to 650 m asl Salak GP var. nangka Tabanan  560 m to 650 m asl. 

3 NT > 650 m asl. Salak GP var. nangka Tabanan > 650 m asl. 

4 NK < 560 m asl. Salak GP var. nangka Karangasem < 560 m asl. 

5 NK 560 m to 650 m asl Salak GP var. nangka Karangasem  560 m to 650m asl. 

6 NK > 650 m asl. Salak GP var. nangka Karangasem  > 650 m asl. 

7 GT < 560 m asl Salak GP var. gondok Tabanan < 560 m asl. 

8 GT.560 to 650 m asl Salak GP var. gondok Tabanan 560 m to 650 m asl. 

9 GT > 650 m asl Salak GP var. gondok Tabanan > 650 m asl. 

10 GK.< 560 m asl Salak GP var. gondok Karangasem  < 560 m asl. 

11 GK 560 m to 650 m asl Salak GP var. gondok Karangasem  560 m to 650  m asl. 

12 GK >650 m asl Salak GP var. gondok Karangasem > 650  m asl. 

13 NST < 560 m asl Salak GP var. nenas Tabanan <  560 m asl. 

14 NST.560 m to 650 m asl Salak GP var. nenas Tabanan  560 m to 650 m asl. 

15 NST > 650 m asl Salak GP var. nenas Tabanan  > 650 m asl. 

16 NSK .< 560 m asl Salak GP var. nenas Karangasem <  560 m asl. 

17 NSK 560 m to 650 m asl Salak GP var. nenas Karangasem 560 m to 650 m asl.. 

18 NSK > 650 m asl Salak GP var. nenas Karangasem   > 650 m asl. 
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The study used a Composite Analysis of Variance 
(Andinurani, 2016, 2022) with the model determined using 
Equation (1) below: 

  ijkεijLPPjikδLiUYjk    (1) 
Where:   

Yijk = The observation value of the treatment (j) in the group (k), 
which is repeated at the location (i). 

u  = the actual average value 

Li  = additive effect from location i 

δ ik  = the error effect in group k at location i 

Pj = additive effect of the next treatment 

(LP) ij  = the effect of treatment (j) atthe location (i) 

Ԑ ijk = the effect of error from the treatment (j) in the group 
(k) which was carriedout at the location (i). 

2.2. Preparation of study materials 

The material used is the salak ‘Gulapasir’ plant with 
uniform growth; plants have been fruitful with uniform on 
morphological, age of plants and cultivation action. The 
intentional practice is that the plant only receives treatment 
in the midrib, tillers, and weed cleaning. In this study, the 
plants were not fertilized. The provision of water was only 
from rainfall following the habits applied by salak farmers. 
The sample plant was maintained by trimming 
unproductive leaf midribs and removing young shoots. 
Plant material was taken from the Salak Development 
Centre in six locations, namely at the Centre of Salak 
Development in the Bebandem sub-districts, Karangasem 
district (K-lowland < 560 m asl, K-medium 560 m to 650 
m asl and K-highland > 650 m asl), Bajre, West Slemadeg 
and Pupuan sub-districts, Tabanan district (T-lowland                    
< 560 m asl, T-medium 560 to 650 m asl and T-highland   
> 650 m asl).  

2.3. Analysis of physicochemical properties of soil 
sample and climate 

Soil analysis was carried out to determine the physical 
and chemical properties of the soil. Soil sampling was 
carried out under sample plant trees, in a composite 
manner at a depth of 0 cm to 40 cm. Chemical analysis 
was carried out on total N (Kjeldahl method), available P 
by Bray I method and K2O by the Bray I method, organic 
C, pH, soil physical properties in the form of texture by 
pipette method (Eviati and Sulaeman. 2009; Hailu et al., 
2015; Prasetyo et al., 2022a; Rzasa and Owczarzak, 2013). 

Rainfall data was taken for 5 yr from 2015 to 2019. 
Rainfall data has been collected from six nearby stations to 
the research site (Figure 1 and  Figure 2). Daily 
temperature data was obtained from the Denpasar 
Meteorology Climatology Agency.  

2.4. Observation of fruit and fruit quality 

Salak fruit can be harvested when it is ready for 
consumption. Consumable ripe fruit is a fruit that is ready 
to be consumed, characterized by a change in skin colour 
from dark brown to light brown, the thorns on the skin 
being reduced and not sharp, and in general, at this stage, 
the fruit easily falling when shaken. 

Observation and measurement of agronomic characters 
follow the method that has been done by Sumantra et al. 
(2014) including fruit weight, number of fruit bunches, the 
thickness of fruit flesh and fruit shape. The fruit characters 
from six-observed locations include the numbers of fruits 

per bunch, which is calculated manually on the formed 
fruits. The fruit weight per fruit and the fruit weight per 
tree is weighed after the fruits were removed from the 
bunch. The thickness of the mesocarpium is obtained by 
measuring the mesocarpium after it is cut vertically. The 
length of the flower sheath is measured on the stem of the 
sheath from the base to the tip of the sheath.  

While fruit quality includes sugar content, tannins, 
titrated acid, sugar content and vitamin C. Titrated acid 
was analyzed by titration (Sripakdee et al., 2015). The fruit 
which was weighed 10 g of sample was added to 100 mL 
of distilled water, then was homogenized using a slow spin 
blender, and filtered using an aseptic filter. The filtrate 
obtained was taken as much as 25 mL, then titrated with 
0.1 N NaOH solution with phenolphthalein indicator until 
red colour appeared. The results obtained are calculated as 
the percentage tartaric acid as per Equation (2) below : 

%100×
2 × 0001 × Y

BM × P × NaOH N × NaOHmL
=A                 (2) 

where:  

A  = percentage of total acid 
P  = amount of dilution 
BM  = molecular weight of tartaric acid 
Y = sample weight (g). 

 
Tannins content was analyzed as done by Thakur et al. 

(2021), Setyobudi et al. (2022). Amount of 100 mg of the 
sample was homogenized by 2 mL of methanol, 
centrifuged for 10 min at 10 000 rpm (1 rpm = 1/60 Hz), 
and then the supernatant was collected. Amount of 1 mL 
of the aforementioned supernatant was mixed with 0.5 mL 
Folin’s phenol reagent and 35 % Na2CO3 of 5 mL was 
added, and the mixture was kept at room temperature for 5 
min. The blue colour of the reaction mixture was observed 
at 640 nm by UV/visible spectrophotometer (Shimadzu 
UV-1800, Japan). The content of tannins was calculated by 
calibration curve equation and determined using Equation 
(3) below: 

3997.0=R:1-0.007×3007.0= 2Y   (3) 

Vitamin C was determined by titration like the method 
used by Asamara (2016), Setyobudi et al. (2021a, 2022). 
The material is weighed as much as 10 g and crushed in 
mortal, then put into a 250 mL volumetric flask, set to the 
mark and filtered. Take 25 mL of the filtrate and titrate 
with 0.01 N Yod solution equivalent to 0.88 mg of 
ascorbic acid. The calculation of ascorbic acid content per 
100 g of material is determined using Equation (4) below: 

Υ

100 × P × 0.88 × N 0.01 Yod mL
=A   (4) 

where: A = mg of ascorbic acid per 100 g of material 
P = amount of dilution 
Y = gram sample weight 

 
 Sugar content as TSS is calculated using a hand 

refractometer (Bellingham and Stanley Ltd., London) at     
20 oC (Adinurani et al., 2018). The ratio of sugar content 
(TSS) and total acid is calculated by the sugar content 
divided by the acid content multiplied by 100 %. 

The materials used in this study were Folin-ciocalteu 
reagent (Pro Analytic, Merck), NaOH (pro analytic, 
Merck), Na2CO3 (pro analytic, Merck), Phenol reagent 
(pro analytic, Merck), Ascorbic acid  (pro analytic, 
Merck), Phosphoric acid (Pro Analytic, Merck), Sodium 
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phosphate (pro analytic, Merck) and Ammonium 
molybdate (pro analytic, Merck).   

The tools used in this study were analytical balances 
(Shimadzu ATY224, Japan), centrifuge tubes, Erlenmeyer 
flasks (Pyrex), dropper pipettes (pyrex), volume pipettes 
(Pyrex), vortex (Maxi Mix II Type 367000), measuring 
flask (Pyrex), water bath (Memmert), blender (Miyako), 
and centrifuge (Damon /IEC Division). Whatman filter 
paper No 1 (Sigma – Aldrich, USA), measuring cup 
(Pyrex, USA), micropipette (Dragon Lab, Indonesia), 
spectrophotometer (Biochromsn 133467, UK), test tube 
(Pyrex¸ USA), vortex (Barnsteadl Thermolyne Type 37600 
Mixer, USA), aluminum foil (Klin Pak, Indonesia). 

2.5. Study design 

This study used a randomized block design with the 
data analyzed using a Composite Analysis of Variance. If 
the variance test is significantly different, then it is 
continued with a different test with LSD at the 5 % level. 
Data analysis was performed using SPSS-IBM 18 

(Adinurani, 2016, 2022).  Each experimental treatment 
was repeated three times. 

3. Results and Discussion 

3.1. Agroclimate characteristic 

The low production level and the quality of salak fruit 
are caused by environmental factors that do not support 
growth or because the physiological processes of the plant 
are not optimal due to insufficient nutrients and water. The 
suitability of climatic and soil conditions at six locations of 
the centres for the development of the ‘Gulapasir’ salak 
was evaluated. The evaluation results show that the air 
temperature decreases as the altitude increases. The 
average air temperature at the ‘Gulapasir’ salak plantation 
in Tabanan is 22.90 oC, while the air temperature at the 
Karangasem salak plantation is around 23.24 oC. (Tabel 2) 

Table 2. Soil and climate characteristics of the research site in Tabanan and Karangasem in three subzones 

Parameter 

Tabanan (T) Karangasem (K) 

Lowlands 

(< 560 m asl) 

Moderate  

((560 m to 650 m asl) 

Highlands  

(> 650 m 
asl) 

Lowlands 

(< 560m asl) 

Moderate 
(560 m to 650 
m asl) 

Highlands  

(> 650 m asl) 

Temp.  (o C) 23.82 22.75 22.12 24.29 23.35 22.09 

Rainfall (mm mo-1) 188.24 199.91 231.008 237.242  254.183 289.216 

Soil texture   loamy clay loamy clay loamy clay clay Clay  sandy loam 

pH (H2 O) 5.64 (sa) 5.75 (sa) 5.84 (sa) 6.08 (sa) 6.05 (sa) 6.03(sa) 

C- organic (%) 2.94 (m) 3.40 (h)  3.25 (h) 2.77 (m) 3.63 (h) 3.32 (h) 

Nutrients available 

 N total (%) 

P2 O5 (mg g-1) 

K2O (mg g-1)) 

 

0.18 (l) 

9.38 (vl) 

18.47 (vl) 

 

0.16 (l) 

9.12 (vl) 

22.05 (vl) 

 

0.18 (l) 

13.50 (l) 

17.23 (vl) 

 

0.24(m) 

22.55 (m) 

24.17 (vl) 

 

0.23 (m) 

24.18 (m) 

19.93 ( vl ) 

 

0.29 (m) 

23.04 (m) 

18.37 ( vl ) 

Notes: sa: slightly acidic; h: high; m: medium; l: low; vh: very high; h: high; asl: above sea level (The assessment criteria refer to Eviati and 
Sulaeman. 2009; PPT, 1983).  

In addition to monthly rainfall, the average rainfall over 
5 yr is presented in Figure 3. Annual rainfall in Tabanan  
(T < 560, T 560 to 650 and T > 650) is lower with an 
average of 2515.05 mm, while in Karangasem (K < 560, K 
560 to 650 and K > 650) it is 3 122.05 mm. However, the 
six locations show a trend of increasing rainfall as altitude 
increases. The salak plantation area in Karangasem is in 
the southern part of Mount Agung. Meanwhile, in 
Tabanan, the dominant salak plantation area is behind 
Mount Batukaru with a lower elevation than Mount 
Agung. Mount Agung has an altitude of 3 142 m asl 
(Andaru and Rau, 2019), while Batukaru mountains area 

of 2 250 m asl (Asmiwyati et al., 2015). Mount Batukaru 
serves as a barrier from the rain, causing this area to be a 
rain shadow. Enyew and Steenveld (2014) state that 
rainfall in an area is influenced by topographical factors 
and mountain ranges. Decreasing the height of the 
mountains provides a reduction in the maximum level of 
rainfall over the mountains and foothills by 50 % (Flesch 
and   Reuter, 2012). Topographical factors and regional 
weather systems have an important role in the amount and 
spatial pattern of rainfall in an area (Enyew and Steenveld, 
2014).
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Fig.  3. The annual rainfall in the six study sites 

Based on the growing requirements of salak plants, 
rainfall and air temperature in the six locations evaluated 
were in the very suitable range to support plant growth and 
development. A good air temperature for the growth of 
salak plants is between 20 °C to 30°C and an average 
rainfall of (200 to 400) mm mo–1 (Nuary et al., 2019). 

Soil C-organic content in six planting sites was in the 
medium to high range. Availability of N and P nutrients in 
salak plantations in Tabanan in the lowlands, medium and 
highlands is of low to very low conditions. In salak 
planting land in Karangasem - both in the lowlands, 
medium and highlands - these two nutrients are available 
in moderate conditions (Table 3). The nutrient content of 
potassium available in the six planting locations that have 
been evaluated shows a very low value. The results of this 
study indicate that the cultivation techniques carried out by 
farmers are very low. Farmers do not apply fertilizers that 
only rely on litter from the pruning of salak midrib as 
reported by Ilmiah et al. (2021), Rai et al. (2014), and 
Warnita et al. (2019). To cultivate sustainable agriculture, 
especially in agroecosystems salak in Bali, the authors will 
discuss this issue more in the future research paragraph. 

3.2. Fruit Characteristics of Salak ‘Gulapasir’ 

The salak ‘Gulapasir’ his monoecius plant, namely 
male and female flowers arranged on the same bunches, 
the shape of the bunchesis compound, and the position of 
the flower is on the back of the midrib. The salak 
‘Gulapasir’ is classified as special because of its sweet 
fruit taste and the price per unit weight is four times more 
expensive than the salak ‘Bali’ (Rai et al., 2014; Sumantra 
et al., 2012).  The expansion of the cultivation of the salak 
‘Gulapasir’ from its area of origin, Sibetan, Karangasem, 
has resulted in phenotypic diversity with a phenotypic 
similarity level of 58.62 % to 93.10 % (Sumantra and 
Martiningsih, 2016). In the same garden, more than one 
type of ‘Gulapasir’salak appears, depending on fruit shape, 
aroma, color of fruit flesh and fruit weight (Sumantra and 
Martiningsih, 2016).The results of this study mean that the 
emergence of plant diversity due to plant propagation is 
done by seed, so new variants of salak ‘Gulapasir’ appear 
with local names such as salak ‘Gulapasir’ nenas, salak 
‘Gulapasir’ gondok and salak ‘Gulapasir’ nangka. The 
striking difference between these three varieties lies in the 
shape and flesh of the fruit. The number of fruit branches 
of salak ‘Gulapasir’ nangka, 1 to 2 branches, salak 

‘Gulapasir’ nenas amount of 2 to 4 branchesand salak 
‘Gulapasir’ gondok the fruit bunches that do not form fruit 
branches.  Salak ‘Gulapasir’, which is ready to harvest, has 
fruit flesh attached to the seed, and the fruit flesh is 0.63 
cm thick. However, the flesh of the salak ‘Gulapasir’ 
nenas is the thinnest and the seeds are attached to the flesh. 
And when the salak ‘Gulapasir’ gondok is ready to 
harvest, the seeds make a sound when shaken (Figure 4 
and Figure 5). 

 

Fig. 4. The shape and the thickness of the fruit flesh of 
SGP.var.nenas, gondok and nangka
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Figure 5.The shape of the bunch andthe number of fuits  of 
SGPvar. gondok,nenas, and nangka 

3.3. Agronomic characteristics of ‘Gulapasir’ Salak 

Analysis of variance showed that the interaction 
between planting locations and varieties of ‘Gulapasir’ 
salak had significant effect on the number of fruits per 
bunch, fruit weight per tree, fruit weight per fruit, number 
of fruits per bunch, the ratio of sugar and acid and vitamin 
C content. Meanwhile, the thick fruit flesh and tannins 
content was not significant (Table 4) 

Table 4. Recapitulation of the effects of varieties and growing 
locations on agronomic and fruits quality of ‘Gulapasir’ salak 

No. Character 
agronomic and 
fruits quality 

Planting 
location 

Varieties Varieties x 
Location 

1 Length of the 
flower sheath 

** ** * 

2 Number of fruit 
bunches -1 

** ** * 

3 Fruit tree 
weight -1 

** ** * 

4 Fruit weight -1 ** ** * 

5 TSS ratio and 
total acid 

** ** ** 

6 Thick fruit flesh ** ** Ns 

7 Vitamin C Ns Ns * 

8 Tannins Ns Ns Ns 

9 Edible portion ** ** Ns 

Notes: *) significant P < 0.05, **) very significant P < 0.01 and 
Ns) not significantly different P > 0.05 

The interaction of varieties and planting location had a 
significant effect on the length of the flower sheath and the 
number of fruit bunches–1. Nenas variety  grown in 
Tabanan (T < 560, T 560 to 650, and T > 650 ) and 
Karangasem (K < 560, K  560 to 650, and K> 650) showed 
higher sheath length and a number of fruit bunches-1 than 
with nangkaand gondok varieties (Table 5). Tabanan               
(T 560 to 650) and  Karangasem (K < 560 m asl) are ideal 
conditions for flower sheath development and fruit 
development of nenas.  

Table 5. Flower sheath length (cm) and a number of fruit bunches 
-1 (fruit) of nangka, gondok and nenasvarieties at six locations. 

Treatment Sheath length (cm) Amount fruit bunches -1 

NT< 560  27.50 + 0.34 bcd 19.55+ 0.82 hij 

NT 560 to 650  28.83+ 1.31 b 20.39+ 1.00 g 

NT > 650 27.17+ 0.96 cde 19.02+ 0.82 j 

NK < 560 26.00+ 0.82 e 21.13+ 0.82 ef 

NK 560 to 50  27.17+ 0.14 cde 22.28+ 2.45 c 

NK > 650 26.67+ 1.36 cde 21.13+ 0.74 ef 

GT<560  26.67+ 2.18 cde 20.22+ 0.31 gh 

GT560 to 650  27.50 + 1.22 bcd 20.55+ 0.62 fg 

GT>650  27.70 + 1.98 bc 19.22+ 0.74 ij 

GK<560 25.83+ 1.41 e 21.89+ 0.82 cd 

GK 560 to 650 26.83+ 0.75 cde 20.5+ 1.63 fg 

GK >650 27.5+ 0.82 bcd 21.28+ 0.78 def 

NST <560 27.5+ 0.82 bcd 21.41+ 0.91 de 

NST560 to 650 27.67+ 0.82 bc 22.00 + 1.56 cd 

NST >650 26.17+ 2.16 de 19.91+ 1.36 ghi 

NSK <560  32.00 + 1.63 a 25.27+ 1.41  a 

NSK560 to 650 30.90+ 2.10 a 24.00 + 0.82 b 

NSK >650  27.00 + 1.47 cde 21.86+ 0.82 cde 

Remarks : Numbers followed by the same letter in the 
samecolumn and parameter indicate a non-significant difference 
in LSD 5 %.  

2
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From Table 5 above, it can be explained that the three 
varieties planted in six locations produced a number of 
fruits between 19.02 to 25.27 fruits per bunch. The nenas 
variety planted in Karangasem at an altitude of < 560 m asl 
(treatment NSK < 560) produced the highest number of 
fruits of 25.27 per bunch, followed by NSK 560 to 650 and 
NST 560 to  650 with 24.00 and 22.00 fruits per bunch. In 
order for the salak plants to bear much fruit, the nangka 
variety is ideal in Karangasem 560 to 650 m asl (NK 560 
to  650), while the gondok variety is very good when 
planted below 560 m asl (GK < 560) although the number 
of fruits is not significantly different from the same 
altitude for NT 560 to  650 and GT < 560.The results of 
this study are in line with the findings of Sumantra and 
Martiningsih (2016) that the ‘Gulapasir’ salak var. nenas 
produces the highest number of fruits both in the on season 
(gadu season) and -off-season (sela season).Sumantra et 
al. (2014) reported that the emergence of new sheaths 
occurred on the third or fourth leaf midrib from the 
growing point depending on the altitude and plant 
conditions. The time for new sheaths to appear ranges 
from 129.00 d to 145.10 d with the required heat units 
between (1 233.62 to 1 047.90) Degree-Day (DD). The 
higher altitude causes the longer the sheath appears as well 
as the harvest time. 

The interaction of varieties and planting location had a 
significant effect on the fruit weigh (fruit tree-1 and fruit-1). 
Nangka variety grown in Tabanan (T < 560, T 560 to 650, 
and T > 650) and Karangasem (K < 560, K 560 to 650, and 
K > 650) showed higher of weight of fruit tree-1 and fruit-1 
than with nenas and gondok (Table 7).  

Table 6. Fruit weight of nangka, gondok, and nenas varieties in 
six locations 

Treatment Fruit-1 (g) Fruit tree-1 (kg) 

NT < 560  45.32+1.08 cd 1.19+ 0.08 def

NT 560 to 650  48.56+0.71 c 1.29+ 0.07 cd

NT > 650 38.22+0.46 ef 1.03+ 0.06 ghi

NK < 560 55.84+1.37 a 1.48 + 0.02 b

NK 560 to 650  59.43+0.71 a 1.62 + 0.07 a

NK > 650 49.4+1.65 b 1.34 + 0.05 c

GT < 560  40.14+ 0.11 e 1.11+ 0.09 fg

GT 560 to 650  38.67+ 0.55 ef 1.09 + 0.07 fg

GT > 650  32.95+ 0.73 gh 0.93 + 0.10 i

GK <5 60 44.22+ 0.18 d 1.27 + 0.06 cde

GK 560 to 650 38.20 + 0.78 ef 1.16 + 0.05 defg

GK > 650 36.20 + 0.75 fg 1.07 + 0.11 fgh

NST < 560 39.00 + 1.07 ef 1.14 + 0.11 efg

NST560 to 650 37.79+ 0.65 f 1.13 + 0.06 g

NST >650 32.12+ 0.11 h 0.94 + 0.10 hi

NSK < 560  41.80 + 0.65 de   1.36 + 0.08 bc

NSK 560 to 650  36.57+ 0.80 fg 1.18 + 0.09 def

NSK > 650  37.10 + 0.23 f 1.11 + 0.07 fg

Remarks : Numbers followed by the same letter in the 
samecolumn and parameter indicate a non-significant difference 
in LSD 5 %.  

From Table 6, it can be explained that the three 
varieties grown in six locations produced fruit weight per 
tree between 0.93 kg and 1.62 kg. The salak nangka 
variety planted in Karangasem at an altitude of 560 to 650 

m asl (NK 560 to 650) produced the heaviest fruit weight 
of 1.62 kg tree-1, followed by NK < 560 and NT 560 to  
650 with fruit weights of 1.48 and 1.29 kg, while the nenas 
variety produces the best fruit at altitudes < 560 m asl 
(NSK < 560 and NT < 560). Salak ‘Gulapasir’ var.gondok 
is ideal when planted at altitudes < 560 m asl (GK < 560 
and GT < 560), although the two growing locations 
showed different yields. 

Nenas and gondok varieties showed a trend of 
decreasing fruit weight in line with increasing altitude, 
both planted in Karangasem and Tabanan. The reverse 
occurred in the salak Nangka variety, an increase in 
altitude from 550 m asl  to  650 m asl caused an increase in 
fruit weight and after that the fruit weight decreased when 
planted at altitudes > 650 m asl. This finding is in line with 
the results of research that have been reported by Sumantra 
et al. (2014). However, for the gondok and nenas varieties, 
this is a new finding.  

Apart from being influenced by environmental factors, 
the production of salak ‘Gulapasir’ fruit is also influenced 
by internal plant factors (Adelina et al., 2021b: Lestari et 
al. 2011). The effect of altitude on plant growth and 
production is related to plant adaptability and tolerance to 
temperature (Fenech et al., 2019) and rainfall (Ritonga et 
al., 2018). Altitude increases, the average daily air 
temperature decreases and monthly rainfall increases 
(Table 3). Nuary et al. (2019) stated that the distribution 
and adaptation of salak   plants is strongly influenced by 
temperature and rainfall. It was further stated that the 
contribution of daily temperature accounts for nearly 
38.6% while rainfall is 27.8 %. Kanzaria et al. (2015) 
reported that mango plants planted at an altitude of 229 m 
flowered slower than those at an altitude of 148 m and    
81 m asl. The temperature regime at higher altitudes is 
colder than at lower altitudes. Lower temperatures 
accumulate less growing degree day (GDD) and may result 
in late flowering. Table 7 shows that the ‘Gulapasir’ salak 
planted in Karangasem produced a higher fruit weight in 
the three salak varieties tested. This is related to the level 
of soil fertility. The soil nitrogen and phosphate nutrient 
content at three locations in Karangasem was higher than 
at three locations in Tabanan. Meanwhile, the potassium 
content in the six research locations was low (Table 3). 
Therefore, it is necessary to make improvements by 
providing fertilizers containing elements of N, P and K to 
meet ideal conditions for growth, although more data is 
needed to fully support this conclusion (Hailu et al., 2015). 

3.4. Quality characteristics of salak varieties  

The interaction between varieties and altitude 
significantly affected sugar/total acid and vitamin C 
content.  The three varieties grown in Tabanan (T < 560,   
T 560 to 650 and T > 650) showed a lower TSS/acid ratio. 
The fruit flavour planted in three locations in Tabanan is 
more sour than the three locations in Karangasem. Sugar 
content is greatly affected by the geographical conditions. 
The geographical difference is usually followed by overall 
climate and weather differences, particularly temperature, 
humidity, and rainfall (Ritongaet al., 2018). Table 8 also 
shows that the increase in altitude from 550 m to 700 m asl 
in Tabanan and the addition in altitude from 550 to 650 m 
asl in Karangasem causes the sugar/acid ratio decrease in 
all three varieties, and the lowest sugar/acid value occurs 
in nenas variety in all locations. Each salak variety has an 
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adaptation to an elevation closely related to plant tolerance 
to temperature (Sumantra and Martiningsih, 2016; 2018).  
Many factors influence fruit quality, but the most 
dominant are climate factors, especially temperature and 
rainfall. Rainfall has a negative correlation with fruit 
weight-1 (r = -0.991 **), TSS/acid ratio (r = -0.875 **) 
and vitamin C (r = -1.000**). However, the air 
temperature has a positive and significant correlation with 
fruit weight-1, TSS/acid ratio, and vitamin C with 
correlations, respectively: r = 0.930 **, r = 0.733 **, and r 
= 0.964**. High rainfall and low air temperature during 
the fruit ripening phase can cause the dissolved solids in 
the fruit to become watery so that the TSS value is low 
(Singh et al., 2011).  

Salak fruits from three different varieties grown in low 
lands in Karangasem (K < 560 m asl) showed the highest 
vitamin C content and were significantly different from the 
three cultivars when planted in other locations. In both 
areas, land increased by > 650 m asl effects to vitamin C 
decrease; nangka and gondok varieties showed higher 
levels of vitamin C between < 550 m to < 650 m asl. 
(Table 7). 

Table 7. TSS/acid ratio and levels of vitamin C of nangka, 
gondok, and nenas varieties in six locations. 

Treatment TSS/T acid Vit. C (mg  100 g-1) 

NT < 560  56.20 + 0.16 abc 27.50 + 0.41 bde

NT 560 to 650  59.18+ 0.82 a 25.45+0.37 defgh

NT > 650 37.89+ 0.91 f 22.52+ 0.39 j

NK < 560 51.41+ 0.33 cde 27.74+ 0.47 bd

NK 560 to 650  53.52+ 0.82 abcd 29.61+ 0.50 ab

NK > 650 47.76+ 0.11 de 24.25+ 0.20 fghij

GT<560  34.88+0.72 fg 25.50 + 0.41 defgh

GT5 60 to 650  34.80 + 0.65 fg 25.75+ 0.20 defgh

GT > 650  30.24+ 0.20 gh 23.34+ 0.28 hij

GK< 560 51.28+ 0.23 cde 30.31+ 0.25 a

GK 560 to 650 58.44+ 0.36 ab 27.63+ 0.30 bd

GK > 650 53.04+ 0.82 bcde 25.07+ 0.33 efghi

NST < 60 31.50 + 0.41 gh 26.71+ 0.21 cdef

NST 560 to 650 30.44+ 0.36 gh 25.88+ 0.41 defg

NST > 650 26.13+ 0.11 h 23.65+ 0.29 ghij

NSK < 560  53.73+ 0.60 abc 24.42+ 0.34 fghij

NSK 560 to 650  52.63+ 0.51 bcde 22.82+ 0.15 ij

NSK > 650  47.60 + 0.49 e 25.16+ 0.13 efghi

Remarks : Numbers followed by the same letter in the 
samecolumn and parameter indicate a non-significant difference 
in LSD 5 %.  

The results showed that the varieties of the ‘Gula 
pasir’salak need different environmental requirements to 
optimize yields. Ascorbate content is influenced by abiotic 
factors, especially temperature and light (Fenech et al., 
2019; Setyobudi et al., 2021, 2022). Therefore, variety   
differences may depend on growing requirements and 
cultivation techniques. Vitamin C in the ‘Gula pasir’salak 
is strongly influenced by the altitude of the land. To 
produce high levels of vitamin C, the nangka and gondok 
varieties are ideal for planting at an altitude of 560 m to 
650 m asl, while the nenas variety is ideal at a land altitude 
of < 560 m asl. However, changes in ascorbate levels 

during fruit ripening are species-dependent and 
environmental factors, especially temperature and light 
(Fenech et al., 2019). 

There was no interaction between varieties and altitude 
to the flesh thickness, edible fruit portion, and fruit sugar 
content. The nangka salak variety showed fruit quality, 
including TSS, edible parts of the fruit, and higher flesh 
thickness (Table 8).  

Table 8. The effect of a single factor of varieties on TSS, the 
portion of edible flesh, and the thickness of salak fruits 

  

Treatment 

TSS                
(o Brix) 

Edible 
portion (%) 

Flesh thickness 
(cm) 

Nangka 16.59a 72.50a 0.63a 

Gondok 16.42a 70.66ab 0.59b 

Nenas 15.64b 69.22b 0.52c 

Remarks : Numbers followed by the same letter in the same 
column and parameter indicate a non-significant difference in 
LSD 5 %.  

Salak grown in Karangasem both from the lowlands 
and the middle lands produces fruit thickness, and the 
edible portion of fruits is higher than plants in the 
highlands. This study indicates that the ideal growing 
place for salak plants is between 450 m to 650 m asl 
(Tabel 9). This study is in line with several previous 
studies which explained that altitude affects the flowering 
process and fruit enlargement (Sophie at al., 2017; 
Spinardi et al., 2019; Widyastuti et al., 2022).   

Table 9. The effect of a single factor of planting location on TSS, 
the portion of edible flesh, and the thickness of salak fruits 

Treatment (m asl) 
TSS 

(o Brix) 

Edible 
portion (%) 

Flesh thickness 
(cm) 

T< 550   16.28a 73.13a 0.54c 

T550 to 650   16.27a 69.89a 0.58bc 

T >650   16.14a 63.87b 0.49d 

K550 16.81a 73.15a 0.61b 

K550 to 650 16.11a 72.29a 0.66a 

K>650 15.69a 72.44a 0.61b 

Remarks : Numbers followed by the same letter in the 
samecolumn and parameter indicate a non-significant difference 
in LSD 5 %.  

The soil analysis results showed that the total N and 
P2O5 contents at three locations in Tabanan were very low 
to low, while the K2O content at the six study sites was 
very low (Table 3). The low nutrient values of the three 
nutrients above are thought to be a factor causing the three 
types of salak planted in Tabanan at different altitudes to 
produce low fruit. The correlation results showed that N 
and P2O5 content negatively correlated with fruit weight   
(r = -0.855** and -0.992**), while K2O content had a 
positive and highly significant correlation (r = 0.997**) 
with fruit weight. The quality of salak land is low because 
farmers practice very simple technique in salak cultivation, 
where most fertilization only uses buried salak midrib 
(Sumantra, et al., 2014; Tamba and Sumantra, 2022). 
Therefore, the utilization and processing of plant waste 
need to be optimized to improve land quality. 

Further research can be applied using sustainable salak 
organic agriculture (Budiasa, 2014; Handayani, 2022; 
Nurhidayat et al., 2022; Rahmah et al., 2022; Sukewijaya 
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et al., 2009; Wimatsari et al., 2019). Table 3 shows that 
salak cultivation in the research location still needs to 
implement sustainable farming (Prasetyo et al., 2022b; 
2022a). There are indications on decrease in soil fertility, 
especially potassium availability, as the six planting 
locations came out with very low values. Potassium levels 
in Table 3 are lower than the observations of Ashari (2013) 
and Woran et al. (2018) in salak cultivation areas in Swaru 
– Malang (very high), Sleman – Yogyakarta (moderate), 
Bangkalan – Madura (very high), and Pangu – Minahasa 
(moderate). 

The low availability of potassium (Table 3) in the nine 
study areas deserves attention, especially since the authors 
stated that the K2O content had a positive and highly 
significant correlation (r = 0.997**) with fruit weight. 
Potassium helps produce good fruit quality, such as bigger, 
heavier, and sweeter fruit. Another benefit of the nutrient 
potassium in plants is to increase the growth of meristem 
tissue and regulate the movement of stomata. Potassium 
also helps the development of plant roots so that plant 
stems can stand upright and do not collapse easily 
(Adinurani et al., 2018; Budiono et al., 2019). Therefore, 
Nasution (2022) recommends more K20 fertilizer than P205 
fertilizer and N fertilizer. In addition, salak needs 70 kg of 
K2O because this nutrient is found in the leaves at an 
amount (12.2 to 14.7) mg g–1 (Ashari, 2013). 

The chemical fertilizers (e.g., KCl) are too expensive 
for Salak farmers and do not support the salak organic. 
Therefore, the application of sustainable farming should 
apply local wisdom including the use of the pruning of 
salak midrib. Consider this policy because C organic is 
essential to soil fertility (Budionoet al. 2021; Goenadi et 
al. 2021). The success of this midrib decomposition is 
demonstrated by the  C organic  in Table 3, which is 
classified as medium to high. This finding supports Faizah 
and Fauzan (2021), Saputra et al. (2018) in salak 
plantation of Purwosari District - Pasuruan Regency, and 
Wonosalam District – Jombang Regency. 

But, in the next stage, some of the salak midribs should 
be burned into ashes which can be used as a source of 
potassium nutrients (Ekawati and Purwanto, 2012; 
Vincevica-Gaile et al., 2021a, 2021b). Another organic 
source of potassium is the pulp/husk of coffee cherries. 
Karangasem and Tabanan districts are coffee cultivation 
areas in Bali, so they should take advantage of this coffee 
processing waste. Several researchers stated that coffee 
pulp/husk contains higher potassium than nitrogen or 
phosphorus nutrients (Bahri et al., Falahuddin et al., 2016; 
Novita et al., 2018; Setyobudi et al., 2018).  

Several researchers (Analianasari et al. 2022; Ningsih, 
2020; Wachisbu, 2020) recommend soaking the pulp/husk 
of coffee cherries and using it as liquid organic fertilizer, 
which is beneficial for various plants. To develop this idea, 
salak farmers in Karangasem and Tabanan Regency should 
create biogas as household or communal scale digesters 
(Prespa et al., 2020; Setyobudi et al. 2021b; Susanto et al., 
2020a) or use digesters from used drums (Adinurani et al., 
2013, 2017; Hendroko et al., 2013). All household organic 
waste is processed in the digester, including kitchen waste, 
leftover food, and human excrement from pit latrines and 
septic tank (Anukam and Nyamukamba, 2022; Somorin, 
2020; Susanto et al., 2020b; Zhou et al., 2022). This action 
has various advantages, namely reducing global warming, 
obtaining clean - renewable energy, and two kinds of 

organic fertilizer, i.e., liquid and solid (Abdullah et al., 
2020; Burlakovs et al., 2022; Hendroko et al., 2014; 
Prespa et al., 2020; Setyobudi, et al., 2018). In addition, 
many researchers have reported (among other things 
Benyahya et al., 2022; Baştabak  and Koça, 2020; Li et al., 
2021) the benefits of organic fertilizers from biogas 
digesters. 

Another measure to increase and maintain land fertility 
is in salak cultivation, namely the application of Plant 
Growth Promoting Rhizobacteria (PGPR) or biological 
fertilizer (Afzal et al., 2017; Basu et al., 2021; Ekawati, et 
al., 2019; Nguyen et al., 2020; 2022, Sukorini et al., 
2023). Several researchers (Adinurani et al., 2021; 
Kumalawati et al., 2021; Muhammad et al. 2021) have 
reported using mycorrhiza, which positively impacts 
various plants, including salak cultivation (Amnah and 
Friska, 2018; Dewi et al., 2020; Rai et al., 2021). 
Multiplication of mycorrhiza is relatively simple (Sportes 
et al., 2021; Sukmawati et al., 2021) and can be done by 
farmer groups with initial guidance from universities. 

4. Conclusion and Recommendation 

The SGP var. nangka in Karangasem showed higher 
fruit weight, vitamin C content, and sugar/acid ratio. In 
Karangasem and Tabanan, SGP var. nangka grows ideally 
at an altitude of (560 to 650) m asl with fruit weight per 
tree of 1.62 kg-1 and 1.29 kg-1, respectively, while the SGP 
var. nenas  showed the highest number of fruit bunches-1 in 
six locations. In contrast, SGP var. nenas and SGP 
var.gondok are ideal for cultivating at an altitude of < 560 
m asl both in Karangasem and Tabanan, but the fruit 
production of SGP var. nenas and SGP var. gondok is 
higher, respectively, 19.29 % and 15.31 % when planted in 
Karangasem. In order to obtain ideal fruit production and 
quality, SGP var. nangka is very suitable to be planted at 
an altitude of 550 m to 650 m asl. In contrast, the SGP var. 
nenas and var.gondok are developed naturally at low 
altitudes < 550 m asl. 

In order to enable all cultivars produce optimally, 
efforts to improve the cultivation system are needed 
through fertilization; mainly potassium is highly 
recommended. Further research can be applied using 
sustainable salak organic agriculture to maintain soil 
fertility. 
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