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Abstract 
To accelerate the target of national food self-sufficiency, especially rice, the development of upland rice that has high 

yields and is adaptive to extreme environments is needed. Fulfillment of high-yielding characteristics begins with 

characterization and selection to get the most adaptive varieties. This study aims to identify the morpho-physiological 

characteristics of Aceh rice germplasm. The study was conducted in Gampong Paloh Lada and at the Agroecotechnology 

Laboratory, Faculty of Agriculture, Universitas Malikussaleh, Aceh Utara Regency, and at the Biology Laboratory in 

Faculty of Mathematics and Natural Sciences, Universitas Sumatera Utara, from April to August 2022. This research 

used a Randomized Block Design non Factorial, comprising 7 local inbreds viz., Unsyiah Cakep (G1), Unsyiah 

Seumeulu (G2), Cot Bada (G3), Sigunca (G4), Sigupai (G5), Cot Bada (G6) and Rajasa (G7). The parameters measured 

were growth and yield variables consisting of plant height, number of tillers, flowering age, leaf proline content, root 

length, shoot-root ratio, number of grains, and weight of 1000 grains. The results indicated that the local germplasm 

Sigunca and Sigupai have good adaptability by adjusting plant height and forming more tillers than other germplasm. In 

terms of generative growth, Unsyiah Mantap and Cot Bada are entering generative growth more quickly, as marked by 

the appearance of flowers. The proline content as an indicator of resistance to water limitations was achieved at the 

highest level in Unsyiah Cakap at 5 g/mol, followed by Unsyiah Mantap at 3 g/mol. 

Keywords: Local germplasm; Aceh Rice; Proline; Tolerant inbred. 
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1. Introduction 
Rice (Oryza sativa L.) is one of the leading crops in the world and in Indonesia this staple food plays a pivotal 

role as a strategic commodity. Almost 50% of the world's population uses rice as a staple food [1]. Countries in East 

Asia, South Asia and Southeast Asia dominate the production and consumption of rice worldwide. Historically, 

more than 90% of world rice production was contributed by these countries [2]. Its production needs to be increased 

by 0.6%-0.9% per year until 2050 to feed a further 2 billion people [3]. The increase in population in Indonesia 

contributed to the higher consumption of rice. Statistics Indonesia (2021) informed that there is a decrease in rice 

production in Aceh, from 1.7 tons/ha in area 317,869,41 ha to 1.6 tons/ha in area 279,058,41 ha in 2020.  

Water availability is considered an important factor affecting rice production [4]. Rice is extremely sensitive to 

drought [5, 6]. Abiotic stress affects plants' development and growth rate at physiological and biochemical levels, 

which is the basis for expanding the efficiency of crop products [7, 8]. Drought is one the most significant abiotic 

stress which disables the plants to perform better, resulting in a decrease in harvest and national production targets 

every year worldwide [9-11]. The period and development of stress, different phases of plant growth and 

development, and biotic and abiotic elements can influence the response to abiotic stress [12]. 

Climate changes worsen the drought phenomenon [13-17]. Over the past 50 years, the Earth’s temperature has 

increased by 0.74°C, causing floods, drought, hurricanes/typhoons and high tides. Regarding this, Mahalle, et al. 

[18] reported that rice production lowered to 65% compared to rice cultivated in irrigated areas.   

There are 34 million ha of rainfed rice fields and 8 million ha of upland rice fields troubled by drought stress 

[19]. This abiotic stress can occur during rice development [20], for instance, in seedlings, where it causes improper 

growth and decreased yield [21]. Some investigations found that drought stress negatively affected the germination 

phase, seed vigor, photosynthesis activity, leaf membrane stability and osmotic content [22, 23]. 

Aceh Province possesses numerous local inbred genotypes, and these genotypes have not been screened for their 

tolerance against drought stress. Through exploration of rice production centers in Aceh, we collected 50 local 

inbred genotypes. However, only a few of them have been examined for their resistance to drought stress [24]. Aceh 
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Province has been known to have plenty of local rice germplasms. Therefore, it is important to maintain its 

sustainability for the community's survival. Local germplasm exhibits potential genes, determining superior genes in 

rice [25]. The existence of local varieties is strongly required as genetic resources in rice plant breeding. The 

application of these genes could increase rice plant productivity in several countries [26].  

Identification is an initial activity, considered the spearhead of agricultural development. This activity plays an 

important role in preventing the possibility of local germplasm extinction or genetic resource occupation by another 

country [27]. [28] explained that this activity is essential for plant description. The characteristics of drought-stress 

tolerance in local rice in Aceh is scarce. Therefore, a study for genetic variability and morphology identification is 

important to be conducted in Aceh rice germplasm to obtain several data about these local inbreds, to protect the 

gene richness to enrich the gene pool by exploring and finding new gene variability from these local inbreds to 

produce new superior varieties [29]. This study aims to identify the morphophysiological characters of Aceh rice 

germplasm. 

 

2. Materials and Methods 
Field research was carried out in Gampong Paloh Lada, at an altitude of 35 m above sea level and at the 

Laboratory of Agroecotechnology, Faculty of Agriculture, Malikussaleh University, while the proline analysis was 

carried out at the Biology Laboratory, Faculty of Mathematics and Natural Sciences, North Sumatra University from 

April to August 2022. The 7 local germplasms were applied in non-irrigated fields (watered only in 2-day intervals) 

after being screened for their tolerance to drought in a laboratory. 

The materials used in this research were 7 local germplasms from Aceh such as local inbred (Unsyiah Cakep 

(UC 77), Unsyiah Seumeulu (US20), Cot Bada (CBD08), Sigunca (SG02), Sigupai (UA12), Cot Bada (CBD04) and 

Rajasa, fertilizers NPK and cow manure, polybag (50 x 40 cm), label paper, several chemical compounds for amino 

acid analysis (toluene, DL proline, ninhydirin, sulphosalicylic acid 3%, H3PO4). The equipment used were a hoe, 

machete, measuring tape, sack, buckets (55 cm × 22 cm), oven, hand sprayer, digital camera, analytical balance, 

rulers, water hoses, chlorophyll meter, leaf area meter, grain moisture meter, test tubes, scissors, mortar, aluminium 

foil and stationery.  

This research employed Randomized Block Design (RBD) non Factorial comprising 7 local germplasms of 

Aceh rice: Unsyiah Cakep, UC 77 (G1), Unsyiah Seumeulu, US20 (G2), Cot Bada, CBD08 (G3), Sigunca, SG02 

(G4), Sigupai, UA12 (G5), Cot Bada, CBD04 (G6) and Rajasa (G7). Each of local germplasms replicated for 3 

times. 

 

2.1. Data Analysis 
All observational data were further analyzed using analysis of variance at the level of test = 0.05 and further 

analysis using Duncan's Multiple Range Test (DMRT). Data processing using the Windows version of the SAS 

statistical program (Version 9). 

 

2.2. Research Implementation 
The first step before the research is to determine the condition of the field capacity using the gravimetric 

method. This method is done by pouring water on the media until it is saturated, and left until the water stops 

dripping from the polybag. The planting medium used was first air-dried and pulverized by grinding and sifting with 

a size of 3 mm. The soil that has been smooth is mixed with cow manure at a dose of 10 tons per ha, Phonska + Urea 

compound fertilizer (300 kg/ha + Urea 200 kg/ha), after that the media is put into polybags measuring 50 cm x 40 

cm. 

 

2.3. Plant Preparation Material 
For uniform germination, the seeds were oven-baked for 72 hours at 43 

0
C. After the seeds were roasted, 35 g of 

each variety were weighed, then the rice seeds were soaked in a mixture of Dithane M 45 as much as 2 g/l and 

Curater 2G as much as 0.1 g. Dithane M 45 is needed to prevent late blight. While Curator 2G is needed to prevent 

pests in the soil. The seed treatment mixture is added with sufficient water and then the rice seeds are added and 

soaked for 24 hours. 

 

2.4. Maintenance 
Plant maintenance includes eradicating pests and diseases using the insecticide Baycarb with a concentration of 

0.5 – 1 l/ha. The frequency of spraying is carried out according to the conditions of pest and disease attacks. Weeds 

that grow in polybags are removed intensively. 

 

2.5. Sprinkling 
Watering is given every morning with as much sprinkling as 4 mm /day until harvest time. 

2.6. Harvest 
Harvesting is done when the rice grains have turned yellow, the grain is full and pithy, the flag leaves are 

yellow, some of the stems are dead, browned dry and the leaf stalks look bent. 
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2.7. Plant Height 
Plant height was measured at the age of 10 days after planting (DAP), 30 DAP and 50 DAP. Measurements 

were made from the base of the stem to the tip of the highest leaf. 

 

2.8. Number of Tillers 
The number of tillers/clumps were counted when the plants were 10 DAP, 30 DAP and 50 DAP 

 

2.9. Flowering Age 
Flowering age is determined when panicles from several tillers have appeared, counting from the nth day after 

planting. 

 

2.10. Leaf Proline Content 
Proline levels were analyzed based on the method of Bates et al. (1973). The plant material used was the tip of 

the top leaf of the crown which had fully expanded as much as 0.5 g. The leaf pieces that had been cold-dried were 

weighed as much as 0.5 g, then crushed and homogenized with 10 ml of 3 percent sulfosalicylic acid. Then it was 

centrifuged at 9000 x g for 15 minutes. A total of 2 ml of the supernatant was reacted with 2 ml of ninhydrin acid 

and 2 ml of glacial acetic acid in a test tube and heated in a water bath at a temperature of 100 °C for 60 minutes. 

The solution was then cooled on ice for 5 minutes, the solution was extracted with 4 ml of toluene until chromoform 

was formed. To determine the proline content, the absorption of the colored solution was measured using a 

spectrophotometer at a wavelength of 520 nm. Meanwhile, as a standard, 0.1-3.0 mM of proline (sigma) was used 

which was dissolved in 3 percent sulfosalicylic acid. The proline content was expressed as mol g of dry base leaf. 

Measurements were made when the plants were 52 days after planting. 

 

2.11. Root Length 
Measurement of root length was carried out by measuring the longest root after being cleaned of adhering soil 

 

2.12. Shoot – Root Ratio 
Shoot-root ratio is a ratio between the dry weight (g) of the upper part of the plant (leaves, stems, flowers and 

fruit) with the lower part of the plant, namely the dry weight of the root (g). 

 

2.13. Number of Grains Per Clump 
The number of grains per clump is the number of grains in one clump which is calculated at the time of harvest 

 

2.14. Weight of 1000 Grains of Pithy Grain 
The weight of 1,000 grains of pithy grain is the weight of 1,000 grains of pithy grain that has been cleaned and 

dried until the water content reaches approximately 14 percent per clump. 

 

3. Results and Discussion 
3.1. Plant Height and Tiller Number 

The results of ANOVA indicated that different local germplasms showed significant plant height and tiller 

number at 10, 30 and 50 days after planting (DAP) (Tabel 1). 

 
Table-1. Plant height and Tiller number produced by different local germplasms at 10, 30 and 50 DAP 

Germplasms 

Plant Height (cm) Tiller number 

10 DAP 30 DAP 50 DAP 
10 

DAP 
30 DAP 50 DAP 

G1 = UC 77 (Unsyiah Cakep) 31.7
c
 48.4

c
 110.1

c
 2.0

a
 9.9

b
 17.1

ed
 

G2 = US20 (Unsyiah 

Seumeulu) 
32. 3

c
 56.6

b
 118.6

b
 2.0

a
 14.8

a
 20.2

bd
 

G3 = UM9 (Unsyiah Mantap) 44.2
a
 62.1

a
 124.2

a
 2.0

a
 6.0

b
 14.8

e
 

G4 =SG02 (Sigunca) 32.7
c
 44.7

c
 126.4

a
 2.0

a
 19.3

a
 24.3

ab
 

G5 = US12 (Sigupai) 32.4
c
 47.8

c
 106.9

c
 2.0

a
 18.4

a
 26.2

a
 

G6 = CBD04 (Cot Bada) 32
c
 46.1

c
 106.9

c
 2.0

a
 15.1

a
 19.8

cd
 

G7 = Rajasa 41.1
b
 58.0

b
 103.1

d
 2.0

a
 16.7

a
 23.7

ac
 

Note: the numbers followed by the same letter notation in the same column are not significantly different on the 5% Duncan's Multiple 

Range Test (DMRT). DAP= Days after planting. 

 

Table 1 explained that Sigunca exhibited the highest plant height and Unsyiah Cakep possessed the lowest at 10 

DAP, while at 30 and 50 DAP Rajasa revealed the lowest height. Local germplasms of Aceh rice germplasms 

showed different plant heights, indicating that this rice plant has been well adapted in several areas. Local rice is the 

potential to be a resource for the development of superior varieties. Saridas, et al. [11] stated that each variety has its 

own distinguishing characteristic, which can be enhanced through crossbreeding. Zhang, et al. [30] also added that 

the plant height is influenced by its genetics and surrounding environment.  
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IRRI [31] confirmed that a plant height of 110 cm at 60 DAP is considered low. The examined local inbred 

possessed height of more than 110 cm at > 60 DAP. The difference in heights demonstrated by these 7 screened 

inbreds is attributed to a genetic factor. As a matter of fact, each variety exhibits different characteristics, both 

qualitatively and quantitatively [32]. In addition to genetic influences, each of these varieties is also influenced by 

environmental factors that can cause gene mutations. Gene mutations will occur when a variety is grown in areas 

with cold temperatures and then the results are reproduced in areas with hot temperatures, and vice versa [33]. 

The table above shows that germplasm Sigunca (G4) exhibited the highest number of tillers at 30DAP, while 

germplasm Unsyiah Mantap (G3) found to produce the lowest.  In Table 1 and Figure 1 we also gave the result of 

tiller number at 50 DAP, Sigupai (G5) exhibited the highest number of tillers with 26.2 sheet, and followed by 

Sigunca (G4), Rajasa (G7), Unsyiah Seumeulu (G2), Cot Bada (G7), Unsyiah Cakep (G1), and Unsyiah Mantap 

(G3), consecutively. Tiller growth at the beginning of the vegetative period is an important process that determines 

the number of productive tillers that not only contribute to rice grain yields but also the ability to recover from 

unsuitable growing conditions [34, 35]. 

 
Figure-1. Tiller number at 50 DAP produced by different local germplasm 

 
 

3.2. Flowering Age 
This variable is significantly influenced by the development of each germplasms. According to the observations 

(Figure 2), the germplasms Unsyiah Mantap and Cot Bada flowered faster than the other germplasms, 75 and 78 

DAP, respectively. Vice versa, Unsyiah Cakep (G1) began to experience the flowering phase at the age of 85 days 

after planting, 10 days later than Unsyiah Mantap. This occurrence was documented based on their ages, which 

ranged from 105 to 130 DAP. The plant life cycle depends on the plant genotype and environmental conditions [36]. 

Adaptation to drought is possible due to shorter life cycles or growing seasonally and allowing plants to reproduce 

before the environment becomes dry [37]. In the short life cycle of rice plants, adaptation to extreme environments 

such as drought can be in the form of earlier flowering, which is considered a form of adaptation to drought by 

avoiding stress. 
 

Figure-2. Flowering age of different germplasms observed 
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3.3. Proline Compound Content (g/mol) 
The sensitivity of each cultivar to drought stress can differ depending on the resistance character of each cultivar 

[38]. One important parameter that shows tolerance to drought is proline content. Drought increases cell proline 

levels in two ways: by increasing proline synthesis and by reducing the activity of enzymes involved in its 

degradation. Low turgor pressure is the first reason for proline accumulation under drought stress. There is a close 

relationship between proline accumulation and plant resistance to drought stress [39]. Figure 3 depicts the proline 

contents at 60 DAP in our study. 

 
Figure-3. Proline content in different germplasms observed 

 
 

Figure 3 explained that the highest proline content was found in germplasm Unsyiah Cakep, followed by Unsyiah 

Mantap. The lowest was exhibited by Unsyiah Semeulu. Proline plays an essential role in producing drought 

tolerance, where this compound is taken from leaf tissue. The use of 30-40% PEG 6000 successfully increased the 

drought tolerance [40]. The ability of proline to keep nitrogen, as an osmoregulator, and as a protector of several 

important enzymes allows the plant to have higher tolerance as a result of high proline content production. Plants 

with higher proline content exhibited better performance against drought. Besides, proline also prevents turgor 

pressure and low osmotic activity [41]. 

 

3.4. Root Length and Root Ratio 
The root length at 10, 30 and 50 DAP and root ratio at 20, 40 and 60 DAP were presented in Table 2. 

 
Table-2. Root length and root ratio produced by different local germplasms at 20, 40 and 60 DAP 

Germplasms 
Root length Root Ratio 

10 DAP 30 DAP 50 DAP 20 DAP 40 DAP 60 DAP 

G1 = UC 77 (Unsyiah Cakep) 9.1 c 23.7 a 27.1 c 1.8 ab 3.1 a 33.1a 

G2 = US20 (Unsyiah 

Seumeulu) 
11.1 a-c 25.3 a 26.3 c 1.04 b 0.7 b 28.03 b 

G3 = UM9 (Unsyiah Mantap) 10.7 a-c 12.5 b 38.5 a 0.8 b 3.2 a 22.8 c 

G4 =SG02 (Sigunca) 14.3 ab 20.3 ab 26.5 c 1.5 ab 0.8 b 28.7 b 

G5 = US12 (Sigupai) 13.0 a-c 18.7 ab 27.6 c 4.5 a 0.6 b 26.1 b 

G6 = CBD04 (Cot Bada) 9.7 bc 18.7 ab 33.8 b 1.9 ab 1.1 b 28.1 b 

G7 = Rajasa 15.0 a 22.7 a 29.4 cb 2. 4 ab 1.7 b 29.2 b 
Note: the numbers followed by the same letter notation in the same column are not significantly different on the 5% Duncan's Multiple Range 

Test (DMRT). DAP= Days after planting 
  

Germplasms Unsyiah Mantap was found to have the longest root compared to other varieties and the lowest was 

shown by Cot Bada. Roots are the main tissue for absorbing water from the soil. Therefore, root growth rate, density, 

proliferation, and size are key factors influencing plant response to drought stress [42]. Root length determines plant 

tolerance to drought, where the roots develop better to absorb more water and nutrient to survive. Zu, et al. [43], 

Yang, et al. [44] and Ullah, et al. [45] reported that root length and diameter are important indicators determining the 

tolerance level of rice to drought in upland fields. The tolerant plants possess more ability to develop longer roots 

compared to the moderate and vulnerable plants. Hazman and Brown [46] confirmed that root response to drought 

increased the ability of plants to grow better. Rice roots exposed to drought stimulate the signal as a response to 

drought stress by regulating the stomata conductance, proline, repiration activity and crown growth [47].  

Germplasm Unsyiah Seumeulu demonstrated the highest root ratio compared to other germplasms and the 

lowest was exhibited by Unsyiah Mantap. The resistant germplasms produced lower root weight compared to 

vulnerable ones. Nazirah, et al. [48] stated that plant response to drought can be analysed by identifying the 

characteristics affecting their tolerance, such as shoot ratio or proline content in leaves. The different treatments 

between upland rice paddy rice contributed by water use and also root growth and drought tolerance [49]. This 
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phenomenon explains that the vulnerable germplasms are able to perform better in optimal and conducive 

conditions, whereas if the plants are exposed to drought, the decrease in plant weight is significant. 

Generally, tolerant varieties increase root growth to combat drought stress. The mechanisms applied by plants to 

fight the drought by: (i) decreasing the leaf area and shortening the development cycle, (ii) absorbing more water 

obtained from deeper soil layers, (iii) protecting root meristem from drought by enhancing the accumulation of 

glycin, betain, sugar alcohol and proline for adjusment and (iv) optimizing the role of stomata to prevent water loss 

through leaves [50]. Osmotic adjusment allowed plant to keep growing and the stomata to perform better.  

 

3.5. Grain Yield and 1000-Seed Weight  
Different germplasms indicated significant number of grain yield and 1000-seed weight (Figure 4). 

 
Figure-4. Number of grains and 1000-seed weight exposed by different germplasms exposed

 

 
 

This figure described that germplasm Cot Bada presented the highest number of grains compared to other 

germplasms, while Sigunca exhibited the lowest. Unsyiah Seumeulu was recorded to have the highest 1000-seed 

weight, followed by Rajasa, and Cot Bada was the lowest. It assumed that the size of seeds contributed to the 1000-

seed weight. The size of the seed is also related to skin size, according to Ahmad  et al. (2022), who discovered that 

1000-seed weight determines the stable character of an accession. However, the seed size was measured after 

emerged from the skin. Therefore, 1000-seed weight has described the quality of seeds [27].  

 

4. Conclusion 
The findings of our research provide information on the potential of several Acehnese local rice germplasms 

that can be developed into local rice that can be widely cultivated. This can be seen from the morphophysiological 

characters tested. Sigunca and Sigupai have good adaptability by adjusting plant height and forming more tillers than 

other germplasm. However, in terms of generative growth, Unsyiah Mantap and Cot Bada are entering generative 

growth more quickly as marked by the appearance of flowers. Unsyiah Cakap had the highest proline content as an 

indicator of resistance to water limitations, at 5 g/mol, followed by Unsyiah Mantap at 3 g/mol. 
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