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Abstract: Plant phenology, generally defined as the phasic process of the plant cycle, is the physiological development 
stages of crop growth from planting to harvest.  Climate change, indicated by rising temperature, causes a shift in 
phenological development of crops.  This study investigated how sorghum phenology changed when planted in the highland 
area (Gisting, Lampung, 615 m asl) and the lowland area (Rajabasa, Lampung 120 m asl). Eight sorghum genotypes were 
planted in both areas, and the days to reach each growth step were observed together with the calculated growing degree 
days and agronomic variables.  The result showed that sorghum in the lowland area reached growth stages faster than 
sorghum in the highland area. The physiological maturity occurred 79.63 days in the lowland area while in the highland it 
was 86.71 days. The heat (growing degree days) needed for reaching the stage was 2581 degrees in the lowland and 2357.88 
degrees in the highland areas. Sorghum is higher in the lowland area (265 cm) compared to the highland area (212 cm). 
Some other agronomic variables comparing lowland and highland areas, respectively, were: panicle length 26.65 cm to 
26.37 cm; average above part biomass fresh weight per plant 580.4 g to 638.06 g; 1000 grain fresh weight 141.77 g 
compared to 104.94 g and dry weight 39.23 g to 30.04 g; Lipid 2.63% compared to 1.16 % and protein 11.01% compared 
to 9.47%. From those results, it can be concluded that sorghum is one choice for food security in the predicted higher 
temperatures because of climate change, since sorghum grows better in warm temperatures. 
 
Keywords: Sorghum, crops phenology, growing degree days, Lampung, climate change. 
Abbreviations: GDD_growing Degree Days. 
 
Introduction 
 
Indonesia considers sorghum as an alternative food source to strengthen the nation's food security. It is predicted that in 
2035 Indonesia's population will reach 400 million; by which the Indonesian government should find an alternative for the 
staple food besides rice, and sorghum (Sorghum bicolor (L. Moench) is the potential crop.  Up to June 2022, the planting area 
for sorghum was 4.355 ha, with a productivity 3,63 ton/ha. Sorghum could also replace wheat needs for Indonesia since 
nine countries have banned wheat export due to some international conflicts. Indonesian government road map for 
sorghum up to 2024 was to reach 40000 ha planting area distributed in 17 provinces with the production of 154,464 tons 
with productivity of 4 tons/ha (Sidqi and Aulia, 2025). 
To make the sorghum cultivation successful in Indonesia, it is necessary to conduct a study about the adaptability of 
sorghum to Indonesia's climate, especially as we face climate change.  Will sorghum planting areas match the Indonesian 
government’s sorghum cultivation road map? Even though sorghum is adaptive to a wide environment, drought stress 
significantly lowers its productivity. Local and regional climatic conditions are a primary determinant of agronomic crop 
productivity since plant metabolic processes are controlled by weather variables like maximum and minimum temperature, 
solar radiation, carbon dioxide concentration, and availability of water. Climate change can greatly influence overall food 
security by influencing cereal crop phenology and changing the spatial allocation of crops (Wang et al., 2017; Abreha et al., 
2022). 
Plant phenology, generally defined as the phasic process of plant cycle, plant timeline activities or periodic life-cycle events, 
physiological development stages of crop growth from planting to harvest (Fatima et al., 2020; Tan et al., 2021; Gao and 
Zhang, 2021; Xiao et al., 2021; Longchamps and Philpot, 2023). Crop phenology determines the timing and duration of 
critical periods for growth, which is important for plant survival and reproduction and eventually affect the harvestable 
yield and food quality strongly controlled by short- and long-term variability in weather and climate (Zao et.al, 2019; Xiao 
et al., 2021). Since a warmer climate will shift in crop phenology, quantitatively assessing the shift in crop phenology caused 
by climate change can be a basis for climate change adaptation strategies in agricultural production. 
Moreover, phenological shifts have been among the strongest biological indicators of climate change since phenology 
reflects changes in the environment through the response of plants to meteorological elements. Therefore, investigations of 
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the spatiotemporal changes in crop phenology and the relationships between phenology and climate change are important 
for understanding the processes and mechanisms underlying crop responses and adaptations to agro-meteorological 
stressors and ongoing climate change (Babálová et al., 2018). The dynamics of phenological phases as a response to 
changing environmental conditions had been observed. Many authors (Wang et al., 2017; Vitasse et al., 2011; Chmielewski 
et al., 2001; Linderholm, 2006; Walther et al., 2002) have monitored ongoing climate changes using phenological 
manifestations of plants and tree species.  Suitable phenological models derived from long-term time series can partially 
widen the information on biological reactions at various locations, where traditional data are missing. If the successful 
migration of tree species, e.g., migration of spruce in a changing environment, is ensured, phenological knowledge can also 
be combined with systematic genetic assessment that governs the adaptive capacity of forests to climate change 
(Škvareninová and Mrekaj , 2022).  
 Crops phenology has also been studied in cereal crops. Cereal crop phenology is very sensitive to climate change compared 
to other agronomic crops. Three typical crops (maize, rice, and soybean) and their response to climate change had been 
investigated through shifts in phenology in Northeast China (Linderholm, 2006).  Wheat, rice, and maize are important 
cereal crops in most countries. The highest days to wheat flowering and maturity were observed varied among planting 
areas, which might be due to variability in climatic conditions during the wheat growing cycle. In rice, transplanting to 
maturity was more severely reduced than other phenological phases, while in maize, phenological stages of maize were 
delayed in most countries (Fatima et al., 2020).  In sorghum, the optimum time of sowing is one of the important 
technologies that allow the crop to better utilise natural resources to maximise productivity. It is crucial to select the 
optimum time of sowing that provides ideal growing conditions to obtain the maximum sorghum yield (Ammaiyappanet 
al.,2023). 
Tropical plants' phenology remains poorly understood.  Often, the tropical plants are assumed to have similar strength 
responses to temperature changes as the horticulture plants in high latitude climates. Davies et al. (2022) argued that 
applying the temperate phenological paradigm to tropical species and communities requires more detailed process 
assessment that influences tropical phenology.  Sakai and Kitajima (2019) added that tropical climate lacked a cool season 
which restricts growth, different from temperate climates. In tropical plants, phenological cycles range from species that 
reproduce several times a year to those that reproduce only once over several years. Consequently, tropical phenology 
shows considerable diversity. It is interesting to investigate whether phenology is observed in food crops (sorghum) in 
tropical climates. 
The purpose of this study was to examine the effects of field air temperature on sorghum growth, phenology, and yield as 
the primary objective. It also aimed to assess the potential impacts of climate change on sorghum cultivation and to evaluate 
sorghum’s suitability as a future crop in Indonesia. 
 
Results 
 
Crops climate environment  
Using data from the field and the CROPWAT program, the local climate is presented in Table 1. The lowland area had higher 
temperatures both the maximum (31.7oC compared to 29oC) and the minimum (22.6oC compared to 20.5oC). The radiation 
and sunshine hours were about the same resulted in about the same height of evaporation (3.65 mm compared to 3.54 mm).  
So, the main difference between the highland and the lowland was the temperature. Another difference between the high 
land and lowland was the amount of rainfall.  Affected by orographic rain, highland is common to experience higher rainfall.  
Sorghum was planted in the transition season, the lowland area still needs total irrigation of about 92.9 mm, while in 
highland area need lower compared to lowland area, which was about 35.8 mm. 
Soil texture of the lowland area contained: sand 52. 8 %, dust 26.0 %, and clay 21.2 %. At 10 cm soil depth, the field capacity 
was 20.35 %, the permanent wilting point was 10.06 %, and the permeability was 2.35 cm/hour. At 20 cm soil depth, the 
field capacity was 20.23 %, permanent wilting point was 8.89 %, and the permeability was 1.02 cm/hour.  At 30 cm soil 
depth, the field capacity was 21.92 %, the permanent wilting point was 9.38 %, and the permeability was 1.21 cm/hour. Soil 
chemistry contained: Nitrogen (N-Total) 0.373 %, P-available 186.38 ppm, C-organic 1.35 %, Potassium (K2O) 17.82 
mg/100g, and pH 5.5. 
Soil texture of the highland area contained: sand 39.2 %, dust 43.2 %, and clay 17.6 %. At 10 cm soil depth, the field capacity 
was 22.43 %, the permanent wilting point was 13.62 %, and the permeability was 1.44 cm/hour. At 20 cm soil depth, the 
field capacity was 21 %, the permanent wilting point was 13.58 %, and the permeability was 0.78 cm/hour. 
   
        Table 1.  Local climate in both of the field areas, Rajabasa (lowland) and Gisting (highland). 

Month Min Temp oC Max Temp oC Sun hours Radiation 
(MJm2/day) 

Eto 
(mm) 

Raja 
basa 

Gisting Raja 
basa 

Gisting Raja 
basa 

Gisting Raja 
basa 

Gisting Raja 
basa 

Gisting 

January 23.7 20.3 31.2 28.3 5.9 6.1 18.7 19 3.91 3.77 
February 22.6 21.7 31.5 31.3 5.8 5.7 18.8 18.7 3.9 3.9 
March 23.7 19.7 32.8 28.7 5.9 6.1 18.8 19.1 3.98 3.75 
April 22.9 22.2 31.7 31.5 6.4 6.6 18.5 18.8 3.78 3.86 
May 24 20 33.5 29.4 5.8 6.1 16.3 16.8 3.44 3.27 
June 20.4 19.1 30 29.8 5.7 6.1 15.5 16 2.97 3.06 
July 22.4 18.6 32.3 28 6 6 16.1 16.2 3.24 3.02 
August 19.9 18.8 28.9 28.8 6.2 5.5 17.6 17.3 3.34 3.32 
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September 21.7 19.2 30.9 28.9 5.9 5.1 18.3 17.6 3.69 3.47 
October 22.1 19.3 31.9 29.2 5.6 5.5 18.3 17.5 3.79 3.5 
November 22.6 24 31.9 28.8 5.8 5.6 18.6 18.1 3.85 3.75 
December 25.3 22.7 34.2 32.3 5.3 5.6 17.5 18 3.86 3.84 
Average 22.6 20.5 31.7 29.6 5.9 5.9 17.8 17.8 3.65 5.54 

 

 
                        Figure 1.  Description of the local climate of the field area. 
 
At 30 cm soil depth, the field capacity was 24.32 %, permanent wilting point was 13.98 %, and permeability was 0.58 
cm/hour. Soil chemistry contained: Nitrogen (N-Total) 1.7 %, P-available 99.96 ppm, C-organic 14.95 %, and pH 6.03. 
 
Growth stages days and cumulative growing degree days 
Days to reach stages and the cumulative GDD were presented in Table 2 for Rajabasa and Table 3 for Gisting, and the 
average comparison of both is in Table 4. 
 
Table 2.  Growth stages days and growing degree days of eight local sorghum genotypes planted at Rajabasa (lowland area). 
The eight local sorghum genotypes were Mandau (M), Telaga Bodas (TB), Numbu (N), Samurai 1 (S1), Kawali (K), Suri (S), 
Samurai 2 (S2), and Cymit (C). 

Growth 
Stages                   
Days and 
GDD 

Genotypes  
    M  T B    N S-1    K     S S-2    C Average 

Stage 0 
Emergence 

5 5 4 5 5 5 5 5 4.88 

 159.8 159.8 163.8 159.8 159.8 159.8 159.8 159.8 160.3 
Stage 1, 
three leaves  

8 8 7 8 8 8 8 8 7.88 

 252.36 252.3
6 

225.9 252.36 252.3
6 

252.3
6 

252.36 252.36 249.05 

Stage 2, five 
leaves 

11 11 10 11 11 11 11 11 10.88 

 341.6 341.6 307.7 341.6 341.6 341.6 341.6 341.6 337.4 
Stage 3, GP 
differentiatio
n 

   14 14 13 14 14 14 15 15 14.13 

 433.2 433.2 403.7 433.2 433.2 433.2 465.4 465.4 437.6 
Stage 4, Flag 
leaves 

19 19 18 19 19 19 19 19 18.88 

 588.8 588.8 558.4 588.8 588.8 588.8 588.8 588.8 585 

Stage 5, boot 
heading 

24 24 23 24 24 24 24 24 23.88 

 739 739 710 739 7389 739 739 739 735 
Stage 6, 
flowering 

26 26 25 26 26 26 26 26 25.88 

 795.8 795.8 766.3 795.8 795.8 795.8 795.8 795.8 792.1 
Stage 7, soft 
dough 

63 63 60 63 63 63 63 63 62.63 

 2032.5 2032.
5 

1927 2032.5 2032.
5 

2032.
5 

2032.5 2032.5 2019.3 

Stage 8, hard 
dough 

73 73 70 73 73 73 73 73 72.63 
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 2373.7 2373.
7 

2267.
6 

2373.7 2373.
7 

2373.
7 

2373.7 2373.7 2360.4 

Stage 9, 
Physiology 
mature 

80 80 77 80 80 80 80 80 79.6 

 2592.2 2592.
2 

2507. 2592.2 2592.
2 

2592.
2 

2592.2 2592.2 2581.5 

 
 
Table 3.  Growth stages days and growing degree days of eight sorghum local varieties planted at Gisting (highland area).  

Growth Stages                             
Days and GDD 

Genotypes  

M  T B    N S-1    K     S S-2    C 
Average 
 

Stage 0 Emergence 7 7 6 7 7 7 7 7 6.86 

 174.69 
174.6
9 

150.1
2 174.69 

174.6
9 

174.6
9 174.69 174.69 171.18 

 
Stage 1, three 
leaves  10 10 9 10 10 10 10 10 9.86 

 241.74 
241.7
4 

250.7
4 241.74 

241.7
4 

241.7
4 241.74 241.74 243.03 

 
Stage 2, five leaves 13 13 12 13 13 13 13 13 12.86 

 323.01 
323.0
1 

295.4
7 323.01 

323.0
1 

323.0
1 323.01 323.01 319.08 

Stage 3, GP 
differentiation 15 15 14 15 15 15 15 15 14.86 

 384.93 
384.9
3 

351.9
9 384.93 

384.9
3 

384.9
3 384.93 384.93 380.22 

Stage 4, Flag 
leaves 22 22 20 22 22 22 22 22 21.71 

 601.65 
601.6
5 

536.5
8 601.65 

601.6
5 

601.6
5 601.65 601.65 592.35 

Stage 5, boot 
heading 26 26 25 26 26 26 26 26 25.86 

 728.91 
728.9
1 

696.0
6 728.91 

728.9
1 

728.9
1 728.91 728.91 724.22 

Stage 6, flowering 30 30 29 30 30 30 30 30 29.86 

 865.44 
865.4
4 

831.7
8 865.44 

865.4
4 

865.4
4 865.44 865.44 860.63 

 
Stage 7, soft dough 65 65 63 65 65 65 65 65 64.71 

 
1875.4
2 

1875.
42 

1821.
96 

1875.4
2 

1875.
42 

1875.
42 1875.42 

1875.4
2 1867.78 

Stage 8, hard 
dough 77 77 75 77 77 77 77 77 76.71 

 2118.8 
218,6
8 

2085.
1 2118.8 

2118.
8 

2118.
8 2118.8 2118.8 2113.2 

Stage 9, 
Physiology mature 87 87 85 87 87 87 87 87 86.71 

 2362.1 2471 
2336.
6 2362.1 

2362.
1 

2362.
1 2362.1 2362.1 2357.9 

 
With about 3oC difference in both maximum and minimum temperature between lowland and highland, the days different 
in reaching certain stages of the eight sorghum genotypes ranged between 2 to 7 days.  The short days (about 2 days) 
happened during vegetative stages to the beginning of the generative stage (emergence to flowering), while longer days 
different 4 and 7 days, happened during the final stages toward harvest stages (soft dough to physiological maturation). 
Average panicle lengths were about the same for both plants in high or lowlands. However, locations affected both fresh 
weight and dry weight of 1000 sorghum grains. Grains from sorghum in lowlands were heavier compared from highlands. 
In addition, Sorghum planted in Rajabasa had higher lipid and protein concentration compared to Sorghum planted in 
Gisting. 
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Table 4.  Comparison of average cumulative GDD and days to reach each growth stage in the Rajabasa area (lowland) and 
Gisting (highland) areas. 

 Cumulative GDD 
Days to reach each 
growth stage 

Daily thermal 
resources 

Growth stages Rajabasa Gisting Rajabasa Gisting Rajabasa Gisting 

Stage 0 Emergence 160.34 171.18 4.88 6.86 32.86 24.95 

Stage 1, three leaf  249.0525 243.0257 7.88 9.86 31.61 24.65 

Stage 2, five leaves 337.3988 319.0757 10.88 12.86 31.01 24.81 

Stage 3, GP differentiation 437.5463 380.2243 14.13 14.86 30.97 25.59 

Stage 4, Flag leaf 584.9775 592.3543 18.88 21.71 30.98 27.28 

Stage 5, boot heading 735.3225 724.2171 23.88 25.86 30.79 28.01 

Stage 6, flowering 792.09 860.6314 25.88 29.86 30.61 28.82 

 Stage 7, soft dough 2019.274 1867.783 62.63 64.71 32.24 28.86 

Stage 8, hard dough 2360.396 2113.17 72.63 76.71 32.50 27.55 

Stage 9, Physiology mature 2581.538 2357.88 79.63 86.71 32.42 27.19 
 
 
Since plants require a specific amount of heat to develop from one point in their life cycle to another, the local temperature 
determines how fast a crop reaches growth stages.  Lowland areas with higher temperatures resulted in more heat 
accumulation and faster growth development. 
  

Table 5. Recapitulation of the analysis of the variance of each observation variable. 

No Variables 

analysis of the variance 

effect of 
locations 

effect of 
varieties 

interaction of locations 
and varieties 

1 Plant height * * ns 

2 Number of leaves * * ns 

3 Panicle length ns * ns 

4 Biomass fresh 
weight 

ns ns * 

5 Biomass dry weight ns ns * 

6 Fresh weight of 1000 
grains 

* * ns 

7 Dry weight of 1000 
grains 

* * ns 

 
Effect of treatments on plant growth and yield 
Table 5 showed that location significantly affected plant height, number of leaves, fresh and dry weight of 1000 grains and 
had no significant effect on average panicle length. Last, biomass fresh and dry weight affected by location interacted with 
sorghum varieties. 
 
Plant height 
Sorghum planted in Rajabasa (lowland) was higher compared to sorghum planted in Gisting (highland) in eight 
observation days. 
 

Table 6. Effect of location on average plant height (cm) of sorghum at 8 observation days after planting. 
Location Days after planting 
 7 14 21 28 35 40 45 50 
Rajabasa 18.7b 47.6b 87.8b 162.b 168b 175.7a 186a 265b 
Gisting 8.1a 26.3a 48.3a 83.7a 119.a 167a 197a 212a 
HSD  5% 4.7 6.6 14.3 30.4 35.1 43.5 36.5 26.1 
CV 43.7 22.2 26.1 30.9 30.4 31.7 23.8 13.7 

 
 
Leaves numbers 
Sorghum planted in Rajabasa (lowland) had more leaves compared to sorghum planted in Gisting (highland) in eight 
observation days. 
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Table 7. Effect of location on the average number of leaves (strands) of sorghum at 8 observation times. 
Locations Days after planting 
 7 14 21 28 35 40 45 50 
Rajabasa 3.53b 5.72b 7.97 b 9.91b 10.8b 11.51b 11.81b 10.38a 
Gisting 1.45a 4.28a 5.5a 7.64a 7.98a 8.85a 9.63a 9.75a 
HSD 5% 0.74 0.76 0.59 0.83 0.991 0.84 0.716 15.16 
CV 37.16 20.77 10.99 11.8 13.16 10.3 8.27 18.78 

 
Effect of locations on yield parameters 
Table 8 shows effect of locations on different yield and yield component parameters. 
 

Table 8. Effect of location on average yield parameters of 8 sorghum varieties. 
 
Lotion 

Panicle 
Length. 
(cm) 

1000 grains 
fresh weight 
(g) 

1000 grains 
dry weight 
(g) 

Lipid 
(%) 

Protein 
(%) 

Rajabasa 26.65 a 141.77 b 39.23 b 2.63 11.01 
Gisting 26.37 a 104.94 a 30.04 a 2.06 9.47 
HSD 5% 2.00 10.49 4.31   
CV 9.44 10.61 15.53   

Remarks: For all tables, the average value followed by the same letter is not significantly different according to the Tukey 
Honest Significant Test (HSD) at a significance level of 0.05. 
 

Table 9. Interaction of location and genotype on average fresh biomass weight (g) of sorghum. 
Location Genotypes 

M T B N S-1 K S S-2 Cy 

Rajabasa  
598 
aA 

532 
aA 

541 
aA 

620 
aA 

612 
aA 

639 
aA 

520  
aA 

583 
bA 

Gisting 
917 
bB 

628 
aAB 

609 
aAB 

633 
aAB 

679 
aAB 

592 
aAB 

701  
aAB 

346 
aA 

 
 

Table 10. Interaction of location and genotype on average dry biomass weight (g) of sorghum. 
Location Genotypes 

M T B N S-1 K S S-2 Cy 

Rajabasa  
162 
aA 

142 
aA 

151 aA 179 
aA 

168 
aA 

185 
aA 

199 
aA 

186 
bA 

Gisting 
332 
bB 

236 
bA 

148 
aA 

195 
aA 

293 
aA 

181 
aA 

220 
aA 

108 
aA 

 
Discussions 
      
Sorghum is a resilient, warm-weather crop that thrives under specific environmental conditions. Sorghum requires well-
drained soil with a pH of 5.5 – 8.5 and a clay content of 10 – 30%. Minimum temperature for sorghum germination is 7°C – 
10°C, but growth is optimal at 27°C – 30°C. Sorghum is a short-day plant. It prefers a 10 – 11 hour photoperiod and a frost-
free window of 120 – 140 days. Sorghum has high drought tolerance due to its branched root system and small leaf surface 
area, though stable rainfall patterns yield the best results. Sorghums are cultivated at an altitude of 0 – 700 meters above 
sea level, with relative humidity of 20 to 40 % are ideal for best yields. Sorghum is often grown in regions that get between 
50–100 mm of monthly precipitation in the first 2 to 2.5 months after planting, following with a dry period. The ideal soil 
moisture during germination ranges between 25% and 50% of field capacity, and the sorghum plant can survive flooding.  
The unfavourable conditions for cultivating sorghum are those with an average temperature of more than 30°C, and less 
than 600 m of average rainfall per season (Tan et al., 2024; Khalifa and Eltahir, 2023; Mundia et al., 2019).  
Following that requirements, the soil of the study fields at lowland was highly suitable for sorghum cultivation. The clay 
percentage is ideal, and the drainage characteristics meet the "well-drained" requirement perfectly. However, because the 
pH (5.5) is at the minimum threshold and Organic Carbon is low, management should focus on maintaining the pH level and 
potentially increasing organic matter to ensure long-term productivity and prevent the soil from becoming too acidic. 
Similar to that, the soil condition at high land area was excellent and exceeded the standard requirements for sorghum 
cultivation. The combination of a perfect pH (6.03), ideal clay percentage (17.6%), and superior organic matter (14.95%) 
provides an elite environment for growth. The only management consideration would be the slightly slower permeability 
at deeper levels. However, given sorghum's resilience, this is unlikely to be a drawback unless the area experiences extreme, 
prolonged flooding. This land has high potential for achieving maximum yields. 
From the agroclimatic requirement for sorghum cultivation, the lowland temperature (22.6°C–31.7°C) was almost perfectly 
aligned with the optimal growth temperature of 27°C–30°C. The higher maximum temperature (31.7°C) will accelerate 
metabolic processes and biomass accumulation without reaching the "heat stress" threshold (usually >38°C). For the 
highland temperature ranged 20.5°C–29°C, while still within the acceptable range, the lower minimum temperature 
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(20.5°C) might slightly slow down the growth rate compared to the lowland site. However, it remains well above the 15°C 
limit where growth typically stalls. Even though the temperature is suitable, it is necessary to pay attention to water 
availability. Variability in rainfall patterns and increased air temperature in semi-arid regions are associated with decreased 
sorghum grain yield (Prasad et al., 2021). The evaporation rates are nearly identical (3.65 mm vs. 3.54 mm), which means 
the  atmospheric evaporative demand was stable across both locations. The lowland area need a total irrigation of 92.9 mm. 
While higher than the highland (35.8 mm), this is still a relatively low water requirement for a grain crop. 
Air temperature is the primary driver of crop phenology, the timing of biological life cycles such as germination, flowering, 
and maturity. Since plants are poikilothermic (their internal temperature tracks the environment), thermal energy dictates 
the pace of their development.  plants "measure" time in accumulated heat that is calculated using Growing Degree Days 
(GDD), which represents the accumulation of daily temperatures above a specific base temperature.  For sorghum, the effect 
of high temperature above the optimal range is floret sterility, reduced pollen, embryo abortion, and lower grain yield 
(Kumar et al., 2025). 
Different altitude creates different air temperatures, whereas increasing altitude results in decreasing air temperature. On 
average, the temperature drops by about 6.50C for every 1,000 meters of elevation (the environmental lapse rate).  Each 
crop has different phenological stages and the temperature requirements to reach each stage, in general the higher the 
temperature, the longer time needed to reach the phenological stages.  The comparison of growth stages of the sorghum of 
the field study and a location in Central Java with a higher altitude is presented in Table 11. 
 

Table 11.  Comparison of the days to reach growth stage between the field study and Central Java area. 
Locations Lampung Province Central Java (1118 m asl) 

With two varieties 
Growth stages Lowland Highland W.H Manippa 

Tadda 
W.H Mitting 
Nggangga 

Emergence 4-5 6-7 4-7 3 
Three leaf  7-8 9-10 12-15 14-15 
Five leaves 10-11 12-13 24-30 25-29 
GP differentiation 13-15 14-15 38-45 40-43 
Flag leaf 18-19 20-22 52-62 53-57 
Boot heading 23-24 25-26 62-75 57-67 
Flowering 25-26 29-30 73-87 64-76 
 Soft dough 60-63 63-65 85-101 76-90 
Hard dough 70-73 75-77 95-113 98-112 
Physiology mature 77-80 85-87 119-127 125-137 

                             Source: Rikawati, Agnes and Theresia (2025). 
 
Some information related to days to reach growth stage outside Indonesia are in Tamil Nadu, India flower initiation was 60 
days, anthesis was 67 days (Ammalyapan, 2023). In Ethiopia with air temperature range of 14.1-27.2 oC, days to flowering 
were 65-129 days, grain feeling 73 days, days to maturity 114 to 170 days (Derese et al, 2018); and in Patna, India, days to 
flowering 63.2 -75.9 days and days to maturity 102.5 to 103.2 (Prakash, et al, 2017). In Eastern Ethiopia, days to heading 
was 80 days and to maturity was 123 days (Aseefa et al., 2020). That information showed that sorghum planted in higher 
altitude in Central Jawa and in those areas have longer days compared to sorghum planted in the tropical Indonesian 
climate.  Even though those also depend on various characters. 
The effect of temperature on crop phenology could be quantified by using GDD or heat units (Table 12). Physiologically, the 
heat accumulation requirement to complete the life cycle of a specific variety is constant. However, ecologically, other 
environmental factors in different locations can act as 'disturbances' that create variations in the total GDD recorded until 
harvest time. Table 12 showed that sorghum GDD in the lowland area and highland area of Lampung, Indonesia, were 
similar but much different from sorghum GDD in the USA.  In the GDD concept, temperature is an expression of thermal 
resources needed for growing energy. Therefore, places with high temperature store more energy (Table 4).  Description of 
how sorghum crop variables varied among the genotypes and locations. 
 
Table 12. Comparison of the growing degree days to reach growth stage between the field study and in sorghum 
plantation in USA. 

Growth stages 
 
Emergence 

High land 
area 
160.34 

Lowland 
area 
171.18 

USA 
short hybrid 
200 

USA  
long hybrid 
200  

Three leaf  249.053 243.026 500 500  
Five leaves 337.399 319.076 660 660  
GP differentiation 437.546 380.224 924 1365  
Flag leaf 584.978 592.354 1287 1470  
Boot heading 735.323 724.217 1683 1750  
Flowering 792.09 860.631 1848 1995  
 Soft dough 2019.27 1867.78 2211 2310  

Hard dough 2360.4 2113.17 2508 2765  

Physiology mature 2581.54 2357.88 2673 3360  
 

                   Source: Kelley, J (2004). 
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A study using 225 sorghum genotypes to investigate sorghum phenotypic diversity with principal component analysis 
resulted in the most significant component which contributed to genotype variation, yield and yield-related traits. The 
second most significant component was the time taken for physiological maturity, duration of grain filling, number of leaves, 
and straw yield per hectare. The third most significant component was leaf area, leaf width, leaf length, and thousand-kernel 
weight. The fourth component was highly influenced by straw yield and days to flowering. The minor component was 
positively influenced by panicle weight, thousand kernel weight, and panicle length. Therefore, these characteristics 
contribute to productivity. Furthermore, this study discovered that a few characteristics significantly influenced the genetic 
divergence between genotypes of sorghum. These characteristics included plant height, biomass yield, leaf width, leaf area, 
yield per panicle, straw yield, and grain production per hectare (Wedajo et al, 2025). 
As shown in Table 5, location’s air temperature significantly affected plant height, number of leaves, fresh and dry weight 
of 1000 grains, and had no significant effect on average panicle length, while biomass fresh and dry weight was affected by 
location, interacting with sorghum varieties. A study of Sorghum in Brazil (do Nascimento, 2022) showed that mean 
emergence time (MET), and mean of emergence speed is significantly affected by air temperature. Temperature also 
affected the Fresh and dry biomass weight.  Research in Indonesia resulted in the finding that plant height, panicle length, 
and seed fresh weight have significant differences in all four varieties of sweet sorghum at all different altitudes, and  the 
Super-2 variety has better adaptation and genotype performance at the lowland area than Kawali (Adinurani et al, 2022). 
 
Materials and Methods 
 
Study area 
The study was conducted in Polinela Campus, Rajabasa, Bandar Lampung field station (-5.354, 105.218; 120 m asl) and a 
farmer’s field in Gisting, Tanggamus, Lampung, Indonesia (-5.437, 104.715; 615 m asl); from March to June 2022.  
The experiment was laid out in a split-plot design with eight local sorghum genotypes as the treatments and three 
replications. The eight (8)  genotypes were. Mandau (M), Telaga Bodas (TB), Numbu (N), Samurai 1 (S1), Kawali (K), Suri 
(S), Samurai 2 (S2), and Cymit (C). 
In each of the trials, all growth phases were observed, and the phase date was determined when 50% of the plants in a plot 
reached the certain stages. The growth stages included: Stage 0, emergence; Stage 1, the collar of the third leaf is visible; 
Stage 2, the collar of the fifth leaf is visible; Stage 3, the growing point differentiation (GPD) stage is when the plant changes 
from vegetative growth to reproductive growth; Stage 4, the flag leaf is emerge; Stage 5, Leaves have fully expanded; Stage 
6, bloom stage; Stage 7, the soft-dough stage; Stage 8, the hard dough stage; Stage 9,  physiological maturity. 
For measuring growth variables, three samples were randomly taken for each genotype and each replication. The variables 
included: plant height, number of leaves, panicle length, upper crops biomass fresh and dry weight, 1000 grain fresh and 
dry weight. The contents of protein and lipids were also analysed for the quality of the sorghum genotypes. 
 
Data analysis 
Analysis of sorghum growth and production data was carried out with variance analysis (ANOVA), and if it showed a 
significant difference, further tests were carried out with the Tuckey LSD test at a confidence level of 95%.   
 
Calculation of Growing Degree Days (GDD) 
  
GDD was counted using the formula: 

𝐺𝐷𝐷 = (
𝑇𝑚𝑎𝑥 + 𝑇𝑚𝑖𝑛

2
) − 𝑇𝑏𝑎𝑠𝑒 

Tmax : Maximum temperature (oC) 
Tmin : Minimum temperature (oC) 
Tbase : Base temperature of sorghum (oC)  
In this study, the temperature on oC was converted to oF that the base temperature of sorghum were 50oF – 100oF. 
 
Conclusion  
 
Differences in altitude affect the phenological stages, growth, and production of sorghum plants. Sorghum plants in lowlands 
grow taller, have more leaves, and longer panicles, but sorghum seeds in highlands are heavier than those grown in 
lowlands. Therefore, sorghum is a plant that has potential as a food source when air temperatures rise because this plant 
adapts well to high temperatures in lowland areas. 
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