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ABSTRACT  
Sago is one of the crops that can be used as a source of carbohydrate. Sago also is included in the group of major tropical perishable staple 
foods. Sago palms flourish under swamp or even flooded conditions. Sago palms potential to accumulate carbohydrates very large and can 
reach 25 tons per hectare. The acreage of sago tends to decrease as a result of land conversion. Native habitat of sago palm is in wetland 
area that also limited. The expansion of sago palm is directed to the area with relatively drier in high elevation or altitude. Therefore 
need the assessment and characterization the effect of elevation gradient on the growth and production of sago palm. Result showed that the 
elevation gradient has positive effect on the vegetative growth. The vegetative character increases in line with the increase of elevation. In 
contrast, the increase in elevation cause delayed in the time of flowering. 
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INTRODUCTION  
 

Sago is included in the group of major tropical perishable staple foods.  Sago palm also essentially crops of 
the humid or sub-humid equatorial and tropical regions, their ecological requirements vary considerably. At one 
extreme the sago palms flourish under swamp or even flooded conditions [1]. In Southeast Asia much of the 
sago used for subsistence purposes is consumed as pearl sago.  

Sago palm (Metroxylon sagu Rottb.) is a species of the genus Metroxylon belonging to the Palmae family, 
and is a socio-economically important crop in South-East Asia. It grows well in humid tropical lowlands and a 
source of starch and offers considerable potential to contribute to food security where it is grown [2].  Indonesia 
has the largest sago palm growing areas, both wild and semi cultivated stands followed by Papua New Guinea, 
and limited semi cultivated stands in Malaysia, Thailand, Philippines and Pacific Island countries [2]. Sago 
starch has a good prospects as an industrial raw materials such as acetone-butanol fermentation substrate-
ethanol [3], raw materials for degradable plastics [4-5], liquid sugar industry [6] and food flavoring [7], even 
used for new energy sources such as bio-ethanol [8]. Sago planting also is able to reduce the greenhouse effect 
[9, 10]. Sago palms have ability to accumulate carbohydrates reached 25 tons ha-1. Mean while the potential of 
rice, corn, wheat or potatoes only amounted to only 6.0 ton, 5.5 ton, 5.0 ton and 2.5 ton per hectare respectively 
[11-13].  
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Sago even has important role in strengthening food security in Southeast Sulawesi, but there has not been 
efforts to cultivate them intensively. In fact there is a widespread tendency that sago planting area decreased 
from year to year while wetlands availability is also declining. Decrease in acreage of sago planting also due to 
harvesting system that is still extractive. It means farmers only harvest sago without cultivation or planting 
efforts. Therefore it is necessary for conservation efforts in order to remain sustainable sago palm 

Conservation and expansion of sago palm directed to area that a relatively dry region in upland or in the 
higher altitude.  Even the native habitat planting of sago is on the wet and flooded areas. This is because the 
wetland area for cultivation sago more limited, while the relatively dry land area and area in the higher altitude 
still available for sago cultivation. Therefore, it is necessary to characterize the effect of gradient elevation and 
phenology aspect of growth sago palm as a result of different micro climate.  

Phenology is study of the timings of biological phases and the cause of their timings with regard to biotic 
and abiotic factors. Phenological events are affected by climatic factors like air temperature, soil temperature, 
precipitation, solar radiation, and topographical factors like altitude, slope and exposure [14]. Most 
meteorological parameters are affected by topography. Altitude determines environmental conditions especially 
the climates or the weathers in an agriculture ecosystem including soil climates [15]. 

Variation in the topographical features directly influences to the microclimatic conditions of the area 
thereby affecting the growth phases of the plant. Many researchers reported a phenology impact on plant species 
[16-18]. Other also reported the phenology of alpine plant [19-24].  The low elevation appears to be drier than 
higher, although precipitation varies inconsistently with elevation. Low temperature and greater cloudiness at 
higher elevations might increase precipitation [25]. 

 
MATERIALS AND METHODS  

 
The study was conducted in Southeast Sulawesi Indonesia at different locations sago plantation base on the 

different elevation. There are three different location, that are in (1) low elevation (LE) at 0-30 m above sea 
level,  (2) middle elevation (ME) at 30-60 m above sea level, and (3) high elevation (HE) at 60-90 above sea 
level. Sampling and observation data for low elevation performed in the District Soropia at altitude 20 m above 
sea level with geographical coordinate 03˚54'16S 122˚35'21E, middle elevation in District Angata at altitude 40 
m above sea level with geographical coordinate 04˚09'59S 122˚07'42E and high elevation in District Puuwatu at 
altitude of 82 m above sea level with geographical location 04˚00'07S 122˚26'36E.  

Data climatic elements collected include precipitation, air temperature of at least the last 10 years, the 
percentage of solar radiation and relative humidity. Climate data is then analyzed to determine the pattern of 
rainfall distribution, the value of evapotranspiration and the patterns of water available. Plant vegetative growth 
parameters were observed, among others, plant height, stem diameter and plant leaf parameters.  Determination 
of time flowering is done using methods developed by [11]. Generative variables observed were time of 
flowering and production capacity. 

 
RESULTS AND DISCUSSION 

A. Climatic Condition: 
1. Rainfall: 

The type, timing, and amount of precipitation received during the year play critical roles in crop 
productivity. Three climatology stations were identified on the research region base on the elevation gradient are 
Kendari, Lamoso and Puuwatu. There were founded three different rainfall categories. The average rainfall in 
low elevation is higher than other, follow by the rainfall in middle and high elevation (Table 1). 

 
Table 1:  Average monthly rainfall in three different elevation of sago palm planting.  

Month 
Rainfall Monthly (mm)* [26] 

Low Elevation (LE) Middle Elevation (ME) High Elevation (HE) 
 Jan  207.31 177.44 190.10 
 Feb  207.50 97.92 118.34 
 Mar  240.91 140.68 247.57 
 Apr  203.91 188.48 288.97 
 May 244.38 219.72 199.20 
 Jun  246.89 220.56 152.77 
 Jul  146.76 73.87 86.97 
 Aug 74.70 44.47 39.43 
 Sep  28.92 82.40 16.13 
 Oct 46.44 44.93 53.57 
 Nov  133.82 96.83 120.11 
 Dec  215.99 125.43 223.37 
Amount  1997.53 1512.73 1736.54 
Average 166.46 126.06 144.71 

Source  : *)  Data collected from Maritime Weather Station Kendari (03º58'S 122º36E), Lamoso Weather Station (04º07'S 122º10'E) 
and Puuwatu BPTP Weather Station Kendari (03º 58'S 122º27'E) 
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Data in Table 1 indicate that the rainfall rates are suitable for the growth and production of sago palm. 

However, when compare to evapotranspiration value, it appears that the water availability just happened starting 
from November thru August in the next year (Fig. 1). While in the period between August thru November, there 
was water deficit because evapotranspiration value is higher than the rainfall.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: Water balanced and average monthly water availability based on rainfall and evapotranspiration 
 
The timing of precipitation is critical to crop growth. In the period from harvest to planting, referred to as 

the fallow season, recharge of the soil profile occurs. In southeast Sulawesi Indonesia, there is usually enough 
precipitation to recharge the soil from November to August in following year. Monthly Rainfall during that 
period is adequate to recharge the soil profile. Monthly rainfall patterns and water availability in the three 
location follows the pattern as shown in Figure 1. It appears that the elevation gradient does not affect on the 
rainfall patterns and water availability that is required for the growth of sago palm.  

 
Solar Radiation and Relative Humidity: 

Plants use solar energy in combination with water, to fix carbon dioxide from the atmosphere, creating 
carbohydrates that sustain the plants. Fixing carbon dioxide is the process of taking inorganic carbon and 
creating an organic product that provides energy for the plant. Both the duration and intensity of solar radiation 
impact the level of energy available to the plant.  Based on the Table 2 indicate that in the higher elevation, 
received the lower solar radiation and it is happen throughout of the year.  The intensity of solar radiation in low 
elevation amounted of 44.98%. Then decreased with the increasing of elevation became 29.89% in middle 
elevation and 28.97% in higher elevations.  
 
Table 2: Average monthly solar radiation and relative humidity in three different elevation of sago palm planting.  

Time  (Month) 
Solar Radiation (%)* [26] Relative Humidity (%)* [26] 

Low Elevation 
(LE) 

Middle 
Elevation (ME) 

High Elevation 
(LE) 

Low Elevation 
(LE) 

Middle 
Elevation (ME)

High Elevation 
(LE) 

Jan  35.30 30.01 29.38 81 86 85 
Feb  34.76 29.69 28.71 82 86 86 
Mar  42.31 30.86 30.47 82 87 87 
Apr  39.03 27.58 26.86 83 89 90 
May 39.34 26.38 25.27 84 89 90 
Jun  34.93 23.85 23.74 85 90 89 
Jul  44.46 25.88 26.13 81 88 85 
Aug 49.79 29.92 28.94 79 84 83 
Sep  64.21 34.29 33.57 77 82 80 
Oct 67.64 36.69 35.38 77 80 78 
Nov  51.36 32.78 30.27 78 83 81 
Dec  36.59 30.76 28.87 80 86 84 

Amount 539.72 358.68 347.59 968 1029 1019 
Average 44.98 29.89 28.97 81 86 85 

Source  : *)  Data collected from Maritime Weather Station Kendari (03º58'S 122º36E), Lamoso Weather Station (04º07'S 122º10'E) 
and Puuwatu BPTP Weather Station Kendari (03º58'S 122º27'E) 
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The effect of solar radiation on plant is through the controlling of respiration rate, nutrient uptake and water 
retention. The higher solar energy is captured, the higher agricultural production is obtained if the water and 
nutrients are available. Sago palms require solar radiation at least   900 J.cm-2day-1  or equal to 16% of solar 
radiation intensity that reaches the earth's surface, were found to be roughly on a cloudy atmosphere [27]. 

Solar radiation received has indirectly effect on the level of relative humidity (RH), these increases with the 
increasing of elevation. In the areas with low elevation, the relative humidity reaches 81%, and then the relative 
humidity was increases with the increasing of elevation to 86% at middle elevation and 85% at high elevation. 
Elevation gradients are very useful to test the responses of biota to geophysical influences [28]. There are two 
type environmental changes with altitude [28]. Those physically tied to meters above sea level, such as 
temperature and clear-sky turbidity, atmospheric pressure and those that are not generally altitude specific, such 
as hours of sunshine, moisture, season length, wind, geology and human land use [28].  
 
Temperature:  

The air temperature has affect on the plants through the metabolic processes in plants. The response of plant 
to the temperature is varying for each type of plant. The response to temperature is also different for each kind 
of organ or tissue. The growing season determined by air temperature. Growing season defined as the length of 
time (in days) when conditions are adequate to optimum for plant development and may vary for individual 
crops. A good temperature for the growth of sago plants ranged between 24-30oC with optimum temperatures 
ranging between 24.5-29.0oC and the minimum temperature of 15oC.  

The temperature decreases with the increasing of the elevation. Based on the Table 3 has found that the 
average monthly temperature in the low elevation (LE) is 26.97˚C.  While the temperature in middle elevation 
(ME) reaches 25.87˚C and in the high elevation (HE) reaches 25.77˚C. Result showed that at low elevation, the 
maximum temperature is 31.39˚C and minimum temperature 23.55˚C, where it showed a decrease in 
temperature by 7.84˚C. At middle elevation, the maximum air temperature is 32.94˚C and minimum temperature 
is 21.67˚C, where it also showed the decrease in temperature of 11.27˚C. While in high elevation areas, the 
maximum air temperature is 32.31˚C and minimum air temperature 21.67˚C, with a decrease in temperature of 
10.33˚C. 

 
Table 3:  Monthly air temperature in three different elevation of sago palm planting 

Time 
(Month) 

Minimum  Temperature (o C)* [26] Maximum  Temperature (o C)* [26] Average Temperature (o C)* [26] 
Low 

Elevation 
(LE)) 

Middle 
Elevation 

(ME) 

High 
Elevation 

(LE) 

Low 
Elevation 

(LE) 

Middle 
Elevation 

(ME) 

High 
Elevation 

(LE) 

Low 
Elevation 

(LE) 

Middle 
Elevation 

(ME) 

High 
Elevation 

(LE) 
Jan 24.17 22.73 22.98 32.01 33.58 32.82 27.49 26.38 26.47 
Feb 23.94 22.94 23.14 31.67 33.02 32.46 27.29 26.50 26.56 
Mar 24.05 22.62 22.89 31.79 33.33 32.47 27.65 26.35 26.47 
Apr 24.21 23.00 22.81 31.39 32.50 32.27 27.10 26.25 26.27 
May 23.72 22.25 22.48 30.98 32.15 31.83 26.76 25.90 26.02 
Jun 23.53 21.87 21.93 30.02 31.17 30.95 26.15 25.27 25.40 
Jul 22.54 20.73 20.60 30.00 31.03 30.86 25.76 24.70 24.77 
Aug 22.21 19.67 20.07 30.16 31.72 31.16 25.85 24.68 24.46 
Sep 22.32 19.68 19.70 31.25 33.30 32.27 26.44 25.35 24.76 
Oct 23.27 20.50 22.00 32.34 34.88 33.33 27.53 26.37 24.70 
Nov 24.22 21.58 22.25 32.62 34.65 34.14 27.91 26.52 26.90 
Dec 24.41 22.49 22.84 32.40 33.94 33.17 27.67 26.21 26.49 
Total 282.59 260.06 263.70 376.63 395.28 387.72 323.59 310.48 309.25 

Average 23.55 21.67 21.98 31.39 32.94 32.31 26.97 25.87 25.77 
Source  : *)  Data collected from Maritime Weather Station Kendari (03º58'S 122º36E), Lamoso Weather Station (04º07'S 122º10'E) 
and Puuwatu BPTP Weather Station Kendari (03º 58'S 122º27'E) 

 
A number of factors have been implicated as underlying causes of elevational diversity gradients [29]. 

Some of the most frequently tested are source-sink dynamics [30], climate and productivity [31-36], disturbance 
[37-38], area [31,39,40,41,42,43] and geometric constraints [34,35,39,41,43]. The diversity of results among 
studies showed that there is no single mechanism responsible for all elevation diversity gradients.  

 
2). The Growth and Production of Sago Palm: 

The vegetative growth of sago plants vary due to the differences in elevation where the plants it grow 
(Table 4). In general, sago palms that grow in low elevation has a lower vegetative growth compared that the 
sago palm that grows in the higher elevation (Table 4). 

Result showed that the plant height in the low elevation only reaches 6.5 m (Table 4), but increases with the 
increases of elevation. The plant height in the middle elevation (ME) is 7.7 m and 8.45 m in the high elevation. 
This situation also applies to other plants vegetative characters such as skin thickness stem diameter, leaf length 
and leaf width, which also increased with the increases of elevation. 
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In the generative character mainly on the parameter of flowering dates showed that the lower elevation the 
faster flowering dates is reached. Generally, the sago palm that grows in low elevation is faster reached 
flowering compared with sago palms that grow in the higher elevations. The sago palm that planted in the low 
elevation has begun flowering at the age of 8.75 years (Table 4).  In the middle elevation plants start flowering 
at the age of 9.35 years and in the high elevation plants start flowering at 12.10 years of age. These results 
indicate that increase elevation caused increases in vegetative characters, but decreases the plants to reach 
flowering age. 
 
Table 4: The different of growth and production of  sago palm from three different elevation 

No Parameters 
Vegetative and Generative Character 

Low Elevation (LE) Middle Elevation  (ME) High Elevation (LE) 
1 Plant height (m)        6.50 a         7.70 b         8.45 c  
2 Skin thickness (cm)        1.50 a         1.25 b        1.75 c  
3 Stem diameter (cm)      47.25 a       46.05 b      55.55 c 
4 Leaf length (cm)     137.85 a     147.50 b     163.20 c 
5 Leaf width (cm)        8.80 a        9.29 b      10.10 c 
6 Time flowering (year)        8.75 a        9.35 b      12.10 c 

Note: Figures followed by the same index in the same row, are not significantly different at Duncan's Multiple Range Test (DMRT)  
 
The crop production is depending on the plant height and diameter size of the trunk, which in turn will 

determine the amount of crop production in the form of sago starch. In general the plants that grow in low 
elevation have a lower potential production than the plants that grow in higher elevations.  However, plants that 
grow at lower elevations, quickly reach the harvesting age compared with sago palms that grow at higher 
elevations. The timing of phenological events such as flowering is often related to environmental variables such 
as temperature [44]. Changing environments are therefore expected to lead to changes in life cycle events, and 
these have been recorded for many species of plants 

The wide environmental gradients or contrasting habitats which are increasingly being used to measure the 
effects of varying abiotic and biotic factors on plant traits (28Körner 2007), can influence plant interactions in 
many distinct ways [45]. The species composition may shift among habitats because herbivores are affected by 
abiotic conditions [46, 47] While the variation in abiotic conditions, will determine the plant metabolic activity, 
also determines the extent of defence that can be synthesized [48]. Seasonal environments, the proper timing of 
reproduction is critical for maximizing fitness and is therefore likely to be influenced by natural selection [49]. 
Phenology of flowering can strongly influence pollination success [50], seed number [51], and the seed 
predation [52]. Rate of flowering will determine the resources allocation to growth or to reproductive output 
[53]. Ecotypes differentiation in flowering times is common in natural plant populations [54].  

 
Conclusion: 

Based on the results concluded that the sago palm that grow at a lower elevation have a lower vegetative 
growth compared than that the growth of sago palm in the higher elevation. It is shown in the character of plant 
height, stem diameter, leaf length and leaf width. However, the sago palm that grow in lower elevations, quickly 
reach the time flowering compared with sago palms that grow at higher elevations. 
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