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Abstract. Subekti NA, Sembiring H, Erythrina, Nugraha D, Priatmojo B, Nafisah. 2020. Yield of different rice cultivars at two levels of 
soil salinity under seawater intrusion in West Java, Indonesia. Biodiversitas 21: 14-20. A tendency to use saline water in rice production 
is rising in recent years, but the adaptation of variety under saline conditions is still questionable. The aim of the study was to evaluate 
the response of several rice cultivars on the growth and yield of rice under seawater intrusion in West Java. Two salt-tolerant cultivars 
(Inpari 34 and Inpari 35), two promising lines (PL-1 and PL-2) and two modern cultivars (Inpari 30 (Ciherang sub1) and Sidenuk) were 
evaluated in two soil salinity levels. In each farmer's field a Randomized Complete Block Design was applied with three replications per 
treatment. Results showed that Sidenuk and Inpari 30 produced same yield compared to tolerant varieties and promising lines during dry 
season under moderate soil salinity. There were not much different among the cultivars tested in terms of plant height and tiller number 

as well as the biomass and harvest index. However, under high soil salinity seed germination, plant height, number of tillers per plant, 
above-ground biomass, spikelet number, percent of sterile florets and productivity were significantly affected. Saline tolerant varieties 
Inpari 34 and Inpari 35 showed their superiority compared to non-tolerant varieties. Both varieties produced 40% higher yield than 
Inpari 30 (Ciherang sub 1) and Sidenuk. 
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INTRODUCTION  

North coastline of Java is one of the production centers 

rice and food crops on the island of Java, with a length of 

around 1,316 km. About 29% of rice-growing areas are 

within 10 km from the sea (ACIAR 2018). There was 

around 540,000 ha of rice fields in this region affected by 

seawater intrusion with average yield on dry season of 0.65 
t ha-1 lower than wet season (Statistics Indonesia 2017). 

However, under irrigated conditions, the yield potential is 

higher in the dry season (ACIAR 2018), highlighting the 

potential to increase yields in coastal areas. Salinization 

could be associated with the over-exploitation of 

groundwater due to the demand induced by increased 

urbanization, or by industry and agriculture. The over-

extraction of groundwater can result in the lowering of the 

normal water-bearing stratum levels, leading to the 

intrusion of seawater especially during the dry season. 

While the water discharge in the mainland began to 

decrease, eventually the seawater infiltrated through the 
canals, streams, and swamps. 
 

The water obtained from the well not all fresh due to 

the canals and rivers are already mixed with saltwater. 

Under these conditions when groundwater of high salinity 

must be used, salinity becomes a major constraint to 

obtaining satisfactory crop yields. This has an impact on 

paddy fields bordering the coast, as it will be contaminated 

with seawater through intrusion (Erfandi and Rachman 

2011). If this intrusion of seawater penetrates the land and 

enters the paddy field, the salinity of the land will increase 

beyond the critical limits (Forster et al. 2011). Increased 

salinity can lead to clogging of soil and soil pores tending 

to become solid (Barus et al. 2015). The blockage process 
can occur due to the dispersion of soil particles by high Na 

content. In addition, high salt levels potentially disturb the 

roots in nutrient uptake and damage the soil structure 

(Reddy et al. 2017). Research shows that coastal areas, soil 

salinity range from ECe 2 dS m-1 to 18 dS m-1 during the 

dry season (Li and Xu 2007) while ideal rice tolerance 

range at planting time is ECe value less than 4 dS m-1 

(FAO 2005). Farmers business by way of pumping was not 

maximal because the flow of the river is very minimal and 

the water is salty. This has an impact on land-use change, 

in which farmers initially use land for paddy rice to 

transform into salt-making or fishing ponds or into 
abandoned land. Thus, it is crucial to develop high 

yielding, salt-tolerant rice varieties as a mean of expanding 

agriculture into the regions affected by salinity (Rumanti et 

al. 2018).  

Due to the increasing trend of population, food 

requirements are increasing rapidly, and it is necessary to 

increase crop production. The adoption of salt-tolerant rice 
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is crucial to maintain sustainability of national rice 

production. Several promising salt-tolerant rice breeding 

lines have been developed and showed adaptability to salt-

affected areas in the lowland coastal areas. Through 

national rice consortium, Inpari 34 and Inpari 35, two 

salinity tolerant rice varieties were released in 2014. These 

two varieties were more tolerant of salinity stress at 

seedling stage with Electrical Conductivity (EC) of 12dS 

m-1 (Hairmansis et al. 2017). These rice varietal 

development efforts could be able to address the future 
challenges of rice production in coastal deltas of Indonesia. 

Based on the above background, the objective of the study 

was to evaluate the response of several rice cultivars 

(tolerant and non-tolerant cultivars for saline soils) at 

moderate and high levels of soil salinity under seawater 

intrusion in West Java.
 

MATERIALS AND METHODS  

Study area  

Salinity level in rice-growing areas of Indramayu 

District, West Java Province has been analyzed using 

geographical information systems. Of the approximately 
112,000 ha of paddy fields in Indramayu Regency, 16% 

have high to very high soil salinity, 36% have moderate 

salinity and the remaining 48% are low salinity levels 

(ACIAR 2018). In Indramayu, 65,150 ha of rice land lies 

within 5-10 km of the coast, the majority of which is 

considered prone to salinity levels that substantially affect 

rice growth and yield (Erfandi and Rachman 2011). Based 

on spatial map of salinity levels, the experiments were 

conducted at Kertawinangun village, Kandanghaur sub-

district, Indramayu during the dry season on August to 

November 2018. Kertawinangun village is geographically 
located in latitude 98.74850 N and longitude 3.75150 E and 

1.5 m altitude. Cropping system in the region is dominantly 

rice-rice. Farmers usually use rice varieties Inpari 30 and 

Sidenuk for both wet and dry seasons. Both varieties are 

including the top ten most grown rice varieties in 

Indonesia.  

Procedures 

Soil sampling and analysis  

A composite soil sample was collected in zigzag 

manner using an auger for digging to a depth of 20 cm 

before the start of the experiment. Soil samples were 

collected in two locations at Kertawinangun village which 
represent moderate and high levels of soil salinity. Soil 

samples were analyzed at Indonesian Soil Research 

Institute Laboratory, IAARD before rice sowing. They 

were air-dried, crushed and sieved through a 2-mm sieve 

and analyzed for their physicochemical properties (Table 

1). Based on particle size distribution, soil texture was 

classified as heavy textured soil. Electrical conductivity 

(EC) and pH are measured in soil and water extracts 1: 5. 

The value of EC 1: 5 for saline land is represented as 

medium and high, each of which was 1.728 and 2.660 dSm-

1, respectively. Soil ECe relates more closely to the soluble 
salt concentration of the soil solution and hence is more 

related to plant response across soils of different texture 

than EC1: 5, which is a measure of total soluble salts per 

gram of soil. Therefore ECe is usually used to classify soils 

into low, medium, and high levels of soil salinity (McLeod 

et al. 2010). The ECe value for saline land was 7.23 and 

10.51 dSm-1 classified as moderately and strongly saline, 

respectively (FAO 2005). 

Laboratory experiment 

Rice seeds of Inpari-34, Inpari-35, Promising line (PL)-

1, PL-2, Inpari 30, and Sidenuk were obtained from 
Indonesian Center Rice Research (ICRR) Sukamandi, West 

Java. Sterilized seeds of six cultivars were imbibed in 

distilled water for 36 h and followed by air-dried with 

tissue paper. These genotypes were tested in real salt-

affected areas. Soil was collected from moderate and high 

levels of soil salinity from study area. The soil was air-

dried for 10 days and then sieved through a 2 mm sieve. 

Ten sterilized seeds of each cultivar were allowed to grow 

on soil in plastic trays (40 cm x 27 cm x 5 cm). Each 

plastic tray was irrigated at regular intervals with irrigation 

water from the field. All plastic trays were placed in room 
temperature and arranged in a completely randomized 

design with three replications for each cultivar. Daily 

observation and counting of the number of seeds that were 

germinated were done up to twenty-one days. Observation 

of salt injury was used Modified Standard Evaluation Score 

of visual salt injury at seedling stage (Gregorio et al. 1997). 

Seeds were considered germinated with at least 2 mm 

radicle emergence from the seed coat. Germination 

percentage (GP) was calculated according to (Kandil et al. 

2012).  

 
     Number of germinated seeds 

GP =-------------------------------------x 100 

     Total number of seeds sown 

 

 
Table 1. Physical and chemical properties of studied soil, 
Indramayu, West Java, Indonesia, DS 2018  
 

Property 
Soil Salinity level 

Moderate High 

Particle size distribution [%]:    
Clay 75.5 77.3 
Silt 21.8 21.9 
Sand 0.7 0.8 

Organic matter [g kg-1] 2.27 1.04 

Total-N (%) 0.15 0.80 
C/N ratio 15 13 
EC and pH:    

EC (dSm-1) [Soil paste extract 1: 5] 1.728 2.660 
ECe (dSm-1)* 7.23 10.51 
pH [Soil suspension 1: 5] 6.0 6.9 

Exchangeable cations, CEC and ESP   
Na+ (cmol kg-1) 7.31 13.43 

K+ (cmol kg-1) 1.54 2.76 
Ca2+ (cmol kg-1) 12.11 7.11 
Mg2+ (cmol kg-1) 15.00 14.07 
CEC (cmol kg-1) 25.63 21.70 
ESP  21.70 61.89 

Note: * The EC1: 5 was converted to ECe using the equation: ECe 
= (14.0-0.13 × clay %) x EC1: 5 (Rengasamy 2006) 
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Field experiments  

The experiment was laid out in two farmers’ fields, one 

field had high saline conditions and the other field had 

moderate saline conditions. In each farmers’ field a 

Randomized Complete Block Design was applied with 

three replications per treatment. Six rice genotypes were 

used in this study, i.e., (1) Inpari-34 (BR41xIR61920-3B-

22-2), (2) Inpari-35 (IR10206-29-212xSUAKOKO), (3) 

PL-1, (4) PL-2, (5) Inpari-30 (Ciherang sub1), and (6) 

Sidenuk (Diah Suci variety is irradiated by gamma rays). 
Inpari 30 and Sidenuk are the modern rice variety used by 

farmers while Inpari-34 and Inpari-35 were the tolerant 

variety for saline soils (Hairmansis et al. 2017). Two 

genotypes PL-1 and PL-2 were promising lines to salinity. 

Each of them was conducted under medium and high levels 

of soil salinity. 

Standard plant-population density was 25cm x 25cm 

hill spacing with 2-3 seedlings hill-1 and 30 days old 

seedling with a plot size of 5 m × 6 m. Recommended 

fertilizer package as best fertilizer management practices 

(Sembiring et al. data not shown) consisted of inorganic 
fertilizers of NPK (15: 15: 15) 100 kg ha-1, triple 

superphosphate (36% P2O5) 100 kg ha-1, ammonium sulfate 

(21% N, 24% S) 100 kg ha-1, gypsum (23.3% Ca, 17% S) 

50 kg ha-1, plus organic fertilizer 1 t ha-1 or equivalent to 

135.5 kg N, 52 kg P2O5, 16 kg K2O, 33 kg S and 11.5 kg 

Ca ha-1. Gypsum and organic fertilizer were applied 7 days 

before rice transplanting by incorporating them into the 

soil. All inorganic fertilizers of NPK, triple 

superphosphate, and ammonium sulfate were applied 7 

days after planting. Two-split urea-N fertilization was 

applied at 24 and 35 days after planting. 
Plant height was measured two times at 50 days after 

transplanting (DAT), and at physiological maturity (about 5 

days before harvesting). Physiological maturity is visually 

identified when grain on the lower portion of secondary 

and tertiary panicles reaches the hard dough stage and 

begins to lose its green color. Plant biomass at 

physiological maturity was done by collection of 0.5 m2, 

made sub-sample and dried until constant weight at 60oC. 

For yield component, harvested plants at 0.5 m2 area at 

physiological maturity were observed for the number of 

panicles, filled and unfilled spikelet, 1000 grain weight, 

and grain moisture content. Grain yield was measured from 
one 9 m2 sampling area per plot at harvest. Samples were 

oven-dried and moisture readings are taken and crop cut 

weights were converted to tons per ha at 14% of moisture 

content. Yield reduction was calculated based on grain 

yield under moderate level of soil salinity as a control to 

high level of soil salinity as used by Rad et al. (2012). 

Data analysis 

Data of both experiments were analyzed using 

CROPSTAT version 7.2.3. Means of treatment data were 

compared using Duncan's Multiple-Range Test (DMRT) at 

P<0.05. 

RESULTS AND DISCUSSION 

Germination percentages and salt injury score  

The findings showed clearly that rice varieties 

responded significantly to different salinity levels during 

germination stage (Table 2). Under moderate soil salinity 

seeds of Inpari 34 and Inpari 35 have been shown 

significantly higher germination percentages than other 

cultivar tested. Both varieties showed normal growth with 

no leaf symptoms of salt injury. Inpari-34 and Inpari-35 

were more tolerant of salinity stress at seedling stage as 
found by Hairmansis et al. (2017). It was observed that 

there is no significant difference in germination percentage 

between cultivar PL-1, PL-2, Inpari 30 and Sidenuk. All 

seedlings cultivar showed nearly normal growth, but leaf 

tips or few leaves whitish and rolled. 

The germination of the rice seeds decreased drastically 

under high salinity soil due to the increased salt 

concentrations (Ul‑Arif et al. 2018). However, under high 

soil salinity, Inpari 34 and Inpari 35 has been shown their 

superiority compared to Inpari 30 and Sidenuk. Inpari 34, 

Inpari 35, PL-1 and PL-2 showed no significant difference 
and have significantly higher germination percentages than 

Inpari 30 and Sidenuk even though growth of seedlings 

severely retarded, most leaves were rolled, barren spots and 

only a few were elongating. The extent and frequency of 

bare spots are often an indication of the concentration of 

salts in the soil (Reddy et al. 2017). The germination 

percentages of Sidenuk variety were found to be the least in 

magnitude, almost all plants dead or dying. 

 
Table 2. Germination percentages (%) and salt injury score of 
rice genotypes under moderate and high level of soil salinity 
 

Genotype 

Germination 

percentages 

(%) 

Salt 

injury 

score*) 

Observation 

 

Moderate level soil salinity 

 

Inpari-34 90.0 a 1 Normal growth, no leaf 
symptoms Inpari-35 96.7 a 1 

PL-1 76.7 b 3 Nearly normal growth, but 
leaf tips or few leaves 
whitish and rolled 

PL-2 76.7 b 3 
Inpari-30 73.3 b 3 
Sidenuk 70.0 b 3 

 

High-level soil salinity
 

 

Inpari-34 40.0 a 5 Growth severely retarded 
most leaves rolled, only a 
few are elongating 

Inpari-35 46.7 a 5 
PL-1 36.7 a 5 
PL-2 40.0 a 5 
Inpari-30  26.7 ab 7 Complete cessation of 

growth; most leaves dry; 

some plants dying 
Sidenuk 6.7 b 9 Almost all plants dead or 

dying 

Note: *) Modified Standard Evaluation Score (SES) of visual salt 
injury at seedling stage. In a column, means followed by the same 
letter are not significantly different at the 5% level by Duncan’s 
multiple range test.  
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Morphological characteristics of rice genotypes 

Plant height and tiller number varied greatly among 

cultivars under moderate and high levels of soil salinity 

(Table 3). They are statistically different. At each level of 

soil salinity, the difference in plant height especially, 

maybe due to differences in genetic factors that control this 

trait in these varieties. Under moderate soil salinity, 

Sidenuk variety showed the highest plant height and tiller 

number at physiological maturity. However, the response 

of the different cultivars has been more significant under 
high level of soil salinity. Sidenuk and Inpari 30, both non-

tolerant varieties to soil salinity, showed the lowest plant 

height and tiller number compared to tolerant rice variety 

Inpari 34 and Inpari 35. Compared to that in moderate soil 

salinity, the average plant height of Inpari 30 and Sidenuk 

at high soil salinity decreased by 31% while Inpari 34 and 

Inpari 35 decreased by 24. Responses tiller number is 

clearly different between moderate and high salinity levels. 

The average tillers number of Inpari 30 and Sidenuk which 

decreased by 69% while Inpari 34 and Inpari 35 only 

decreased by 50%. Alam (2004) stated that their 
differences have resulted from plant root competition of 

nutrients and water. Doberman and Fairhust (2000) stated 

that plant root development and tiller number are affected 

by plant ability to absorb nutrient, especially phosphate. 

The low productivity of saline soils can be attributed not 

only to their toxicity due to the salt or to the damage caused 

by excessive amounts of soluble salts, but also to low soil 

fertility. The fertility problems are usually evidenced by a 

lack of organic matter and of available mineral nutrients, 

especially N and P (Subardja et al. 2016). These soils are 

also usually characterized by a reduction in the activities of 
some key soil enzymes, such as urease and phosphatase 

(Liang et al. 2003; Widawati 2014), which are associated 

with biological transformations and the bioavailability of N 

and P. 

No significant effect also showed among cultivars on 

the above-ground biomass under moderate salinity. 

Moderate salinity, however, particularly if it tends to be 

uniform throughout the field, can often go undetected 

because it causes no apparent injuries other than restricted 

growth. Leaves of plants growing in salt infested areas may 

be smaller and darker blue-green in color than the normal 

leaves (Kalhori et al. 2018). Increased soil salinity 

adversely influences plant growth, leading to significant 

reductions in plant height, tiller number, and above-ground 
biomass. The differences were statistically significant due 

to inter cultivar (genetic) differences. Genotypic variability 

in salinity tolerance in rice is mainly due to differing 

abilities in excluding Na+ from the shoot. Higher Na+ 

exclusion and increase of K+ absorption help tolerant plants 

to maintain low Na+/K+ in the shoot, conserving 

photosynthetic functioning and tissue growth (Radanielson 

et al. 2018). Radanielson et al. (2017) described crop 

responses to salinity, accounting for the variability of 

responses in biomass production processes (namely 

transpiration and photosynthesis) among different rice 
varieties. Salinity has three potential effects on plant 

growth generally through (i) lowering of the water 

potential, (ii) direct toxicity caused by excessive uptake of 

salt-forming elements such as sodium and (iii) interference 

with the uptake of essential nutrients especially potassium 

(Flowers and Flowers 2005). In saline conditions, plant 

growth and development are hampered due to excessive 

accumulation of Na and Cl in the cytoplasm, causing 

changes in the cell metabolism and enzyme activity. These 

conditions also resulted in partial dehydration of cells and 

loss of cell turgor due to reduced water potential in the cell 
(Acosta-Motos et al. 2017). In the case of high salt content 

of rice plants will be disrupted and died, especially during 

the vegetative period.  

 
 
Table 3. Some morphological characteristics of rice genotypes under moderate and high levels of soil salinity, Indramayu, West Java, 

DS 2018 
 

Genotype 

Plant height (cm) Tiller Number Above ground 

biomass 

 (g 0.5 m-2) 
50 DAT 

At physiological 

maturity 
50 DAT 

At physiological 

maturity 

 

Moderate level soil salinity 
Inpari-34 85.9 a 109.5 a 24.4 b 21.1 b 54.40 a 
Inpari-35 81.9 ab 110.3 a 26.2 b 23.7 ab 56.32 a 
PL-1 79.8 bc 100.8 b 25.1 b 21.9 ab 53.44 a 
PL-2 76.9 bc 109.3 a 26.9 b 22.7 ab 55.09 a 
Inpari-30 75.1 c 100.6 b 27.0 b 22.1 ab 52.27 a 
Sidenuk 80.5 b 113.5 a 30.7 a 25.5 a 55.73 a 
Average 80.0 107.3 26.7 22.8 54.54 a 

 

High-level soil salinity
 
Inpari-34 55.2 ab 76.8 b 13.7 b 12.3 ab  7.92 b 
Inpari-35 58.3 a 89.3 a 16.1 a 14.7 a 14.27 a 
PL-1 53.7 bc 73.6 b 12.5 bc 10.9 bc  5.09 c 
PL-2 50.7 cd 80.9 ab 11.3 c  9.5 c  2.96 d 
Inpari-30 47.7 d 74.6 b 11.7 c  8.6 c  7.17 b  
Sidenuk 47.0 d 72.3 b 8.7 d  6.0 d  2.13 d 

Average 52.1 77.9 12.3 10.3  6.59 

Note: In a column, means followed by the same letter are not significantly different at the 5% level by Duncan's multiple range tests
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Yield and yield components 

Under moderate level of soil salinity, yield components 

of different rice genotypes especially number of empty 

grain were not much different (Table 4). However, the 

result of mean comparison of yield components showed 

that the influence of soil salinity level. Under high level of 

soil salinity panicle number, number of seeds per panicle, 

and weight of 1000 seeds were decrease while number of 

empty grain was increase compared to moderate soil 
salinity. High influence of soil salinity on the yield 

components was reported by researchers (Rad et al. 2012; 

Aref 2013; Pradheeban 2017). Sidenuk and Inpari 30 both 

non-tolerant modern varieties showed significantly affected 

by high soil salinity. The rice crops are drying and 

impacting crop failure. Sidenuk variety produced no yield 

at all at high soil salinity levels.
 

Results showed a considerable sensitivity of harvest 

index to soil salinity. Plant harvest index, the ratio of grain 

weight to total plant weight, is an important trait associated 

with the increases in crop yields. Harvest index reflects the 
partitioning of photosynthate between the grains and the 

vegetative plant and improvements in harvest index 

emphasize the importance of carbon allocation in grain 

production (Kemanian et al. 2007). 

Under moderate soil salinity level, effects of different 

cultivars on rice yield were not statistically significant. 

Under high salt stress conditions, most of the crop plants 

are susceptible and unable to survive. The highest number 

of grain yield was produced by Inpari 35, (5.899 t ha-1) 

followed by Inpari 34 (5.426 t ha-1). Other cultivars tested 

were susceptible under high level of soil salinity, 
represented 93 to 100% yield reduction for PL-1, PL-2, 

Inpari 30 and Sidenuk (Table 3). Salt stress has two 

primary harmful effects; osmotic and ionic stress. Osmotic 

stress leads to reduction of water uptake by root, and 

accumulation and toxicity of specific ions caused ionic 

stress. Both ionic and osmotic stresses lead to reduced 

growth rates and eventually to plant death (Kalhori et al. 

2018). 

Discussion 

The results in Table 2 showed that germination 

percentages decreased significantly due to the increased 

soil salinity level. Kalhori et al. (2018) observed that the 

seeds required longer time to germinate, and the number of 

germinated seeds was also reduced at higher salt 

concentration. Although some crops seem to tolerate 
salinity during seed germination as well as during later 

growth stages, germination failures are most commonly 

responsible for poor and spotty stands and bare spots in 

otherwise cultivated fields (Kalhori et al. 2018). 

Frequently, this is not the result of crops being especially 

sensitive during germination, but rather is caused by 

exceptionally high salt concentration in the shallow surface 

zone where seeds are planted. These high salt 

concentrations result from the salt that is left behind as the 

upward moving water is evaporated near the soil surface 

(Lu 2019). Tolerance to salinity at germination is usually 
not of much significance since in most rice-growing areas 

rice, is grown in a nursery in good soil and then 

transplanted when the seedlings are 25 to 35 days old.
 

The results showed that under high level of soil salinity 

level, panicle number, number of seed per panicle, and 

weight of 1000 seeds did decrease while number of empty 

grain did increase as compared to that at moderate soil 

salinity level. Rad et al. (2012) showed that along with the 

increasing salinity level, the inflorescence was 

progressively delayed and the number of sterile spikelets 

increased. Salt stress caused both osmotic and ionic 
stresses on rice plant which result in plant growth reduction 

and premature leaf senescence (Acosta-Motos et al. 2017; 

García-Morales et al. 2018).  

 
 
 
Table 4. Yield components of rice genotypes under medium and high level of soil salinity, Indramayu, West Java, DS 2018 

 

Genotype Panicle Number of seed Empty grain Weight of 1,000 Harvest 

number hill-1 panicle-1  (%) grain (g) index 

 

Moderate level soil salinity 
Inpari-34 21.1 b 123.3 b 16.5 a 24.7 ab 31.2 a 
Inpari-35 23.7 ab 131.9 a 15.2 a 25.8 a 32.7 a 

PL-1 21.9 ab 111.6 c 16.9 a 24.7 ab 31.2 a 
PL-2 22.7 ab 107.5 c 17.1 a 23.8 b 30.1 a 
Inpari-30 22.1 ab 123.4 b 15.6 a 25.3 a 34.2 a 
Sidenuk 25.5 a 119.8 bc 16.6 a 24.8 ab 31.6 a 

 

High-level soil salinity
 
Inpari-34 12.3 ab 56.5 b 26.5 d 19.2 b 27.4 b 
Inpari-35 14.7 a 73.5 a 25.5 d 22.1 a 30.4 a 

PL-1 10.9 bc 43.2 c 37.3 c 17.8 c 21.6 c 
PL-2 9.5 c 39.9 c 42.0 b 17.4 c 17.3 d 
Inpari-30 8.6 c 58.6 b 33.3 c 18.3 bc 22.8 c 
Sidenuk 6.0 d 37.1 c 100.0 a - - 

Note: In a column, means followed by the same letter are not significantly different at the 5% level by Duncan’s multiple range test. 
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Table 5. Yield and its reduction of various rice genotypes in different level of soil salinity, Indramayu, West Java, DS 2018 
 

Genotype 
Yield (t ha-1) 

Yield reduction in high salinity level as 

compared to moderate salinity level 

Moderate level soil salinity High-level soil salinity
 t ha-1 % 

Inpari-34 5.426 a 0.693 b 4.733 87 
Inpari-35 5.899 a 1.387 a 4.512 76 
PL-1 5.334 a 0.351 bcd 4.983 93 

PL-2 5.302 a 0.164 cd 5.138 97 
Inpari-30  5.886 a 0.591 bc 5.295 90 
Sidenuk 5.635 a 0 d 5.635 100 

Note: In a column, means followed by the same letter are not significantly different at the 5% level by Duncan’s multiple range test 
 
 

 

Plant adaptation to salt stress has been involving 

complex mechanisms and generally categorized into three 

main mechanisms including osmotic tolerance, ion 

exclusion and ion tissue tolerance (Roy 2014). Effects of 

salinity on rice occur at two stages, i.e., at the initial phase 

of plant development, the osmotic effects rapidly reduce 

plant growth and the second slow phase of plant response 

to salinity when symptoms of salinity-induced toxicity 

appear. At morphological levels shoot and root growth, 

above-and below-ground biomass production, number of 

tillers and spikelet and grain yield of rice are adversely 
affected (Riaz et al. 2019). 

The present study results indicate clearly that under 

moderate soil salinity there was no significant difference in 

yield of modern rice variety Sidenuk and Inpari 30 

compared to tolerant rice variety of Inpari 34 and Inpari 35. 

The average yield of Sidenuk and Inpari 30 varieties was 

5.76 t ha-1 while Inpari 34 and Inpari 35 yielded 5.66 t ha-1. 

This is a clear indication that Inpari 30 and Sidenuk have 

broad adaptation ability under normal (no salt stress) to 

medium soil salinity level. Based on the area of planting, 

both varieties are included as top ten rice varieties in 

Indonesia. Inpari 30 is selected for improvement from 
“mega variety” Ciherang (IR18349-53-1-3-1-3/IR19661-

131-3-1//IR19661-131-3-1-///IR64/////IR64), a widely 

grown Indonesian cultivar developed from multiple variety 

crosses including IR64. An upgraded version of this variety 

carrying the submergence tolerance gene sub1 is named 

Inpari 30 Ciherang sub1 (Septiningsih et al. 2015; Toledo 

et al. 2015). The primary growth stages, i.e., tillering and 

panicle initiation was more sensitive to salinity. Therefore, 

irrigation with saline water can be used in the final stages 

of plant growth, i.e. panicle emergence and maturity.
 

Under high level of soil salinity, the average yield of 
Inpari 30 was only 0.6 t ha-1 while Sidenuk crops is drying 

and impacting crop failure. Inpari 34 and Inpari 35, both 

tolerant varieties for salinity have average yield of 1.0 t ha-1 

compared to the average yield of Sidenuk and Inpari 30 

which is only 0.3 t ha-1. There was a yield advantage of 

70% when using tolerant varieties when planting the rice 

on high salinity soil. Barren spots and stunted plants may 

appear in Inpari 30 growing on high saline areas. The 

extent and frequency of bare spots is often an indication of 

the concentration of salts in the soil (Reddy et al. 2017). 

The capacity to tolerate salinity is a key factor in plant 

productivity (Stacy et al. 2019). The rice varietal 
development efforts could be able to address the future 

challenges of rice production in coastal deltas of Indonesia. 

Multiple stress tolerance traits must be considered in 

breeding rice for saline environments as long-term 

adaptability of a variety is dependent on its level of 

tolerance to all the stress that occurs in its growing 

environment. 

In summary, our results implied that high level of 

salinity leads to reduction in germination percentage, plant 

height, tiller number, yield and yield components, and 

increase in empty grain percentage. Biomass and harvest 

index were negatively affected by increasing soil salinity. 
Inpari 30 and Sidenuk yielded non-significant different 

compared to tolerant salt varieties and promising lines 

tested under moderate level of soil salinity. Under high 

level of soil salinity Inpari 34 and Inpari 35 still produced 

70% higher yield than Inpari 30 or Sidenuk rice variety.  
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