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Abstract: Productivity of agricultural land in coastal area is limited by salinity. Planting tolerant variety
combined with amelioration is an effective management to increase productivity of salt affected land. The
objective of this study was to identify effective ameliorant for improving growth and yield of groundnut
on saline soil. The trial was conducted on saline soil in Tuban from May to September 2015. The trial
consisted of two factors that were arranged in a completely randomized block design, three replications.
The first factor was two groundnut varieties (Domba and Hypoma 1). The second factor was six soil
ameliorations (control, 120 kg/ha K2O, 2.5 t/ha dolomite, 2,5 t/ha of gypsum, 2.5 t/ha of manure, and 1.5
t/ha of gypsum + 2.5 t/ha of manure). Results showed that Domba and Hypoma 1 varieties could tolerate
and completed their life cycle at insitu saline condition. Hypoma 1 was more prospective to be developed
in saline condition associated with higher survival as well as better pod setting and seed development than
Domba. Combination of gypsum and manure provided better effect than other treatments in improving
saline soil, since it reduced exchangeable Na, Na saturation, and EC of soil, and also improved groundnut
yield.
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Introduction

Agriculture land degradation due to salinity is one
of the national issues (Las et al. 2006). Increasing
salinity of agriculture land may be due to
intensive use of water irrigation (Pessarakli and
Tucker, 1988), water pollution (Dajic, 2006;
Suganda et al., 2009), see water flooding such as
in Aceh (Rachman et al., 2008), and see water
intrution such as in Indramayu (Marwanto et al.,
2009; Erfandi and Rachman, 2011). In 2015, we
ramdomly measured electrical conductivity (EC)
of paddy field in coastal area at Palang Subdistrict
(Tuban District) and Brondong Subdistrict
(Lamongan District) at tillering phase of rice, and
we found the EC of 4.4 to 8.0 dS/m (using Hanna
portable EC meter type HI993310). There are 500
ha of salt affected paddy field (estimates based on
google map) in these sites, and farmer only
planting rice once a year during rainy season.

On saline condition, concentration of Na and
Cl in leaf is very high and toxic (Dogar et al.,
2012), and these ions reduce absorbtion of K+,

NO3
-, and H2PO4

- (White and Broadley, 2001;
Tester and Davenport, 2003). Salinity induce
imbalance nutrient (Rogers et al., 2003; Hu and
Schmidhalter 2005), and retard activity of Ca and
K cations due to high ratio of Na+/Ca2+ or Na+/K+

(Grattan and Grieve, 1999). High Na
concentration in plant reduce absortion of Mg2+

(Hu and Schmidhalter, 1997), K+ and Ca2+ (Asch
et al., 2000; Hu and Schmidhalter, 2005), N and
P, and also K translocation (Hirpara et al., 2005).
Reduction of K absorbtion reduce activity of
enzime nitrate reductase in change reaction of
NO3 to NH3 (Hu and Schmidhalter, 2005).

Salinity retards crop growth and induces
change of morphological as well as anatomy of
plant (Cakmak, 2005), and affects on almost all
crop growth stage (Nawaz et al., 2010).
Germination of groundnut seed reduces 10% on
media containing 2.5% NaCl (Mungala et al.,
2008). Total chlorophyl content reduces due to
increasing salinity from 7.5 dS/m to 9.2 (Hammad
et al,. 2010). The most critical stage to salinity is
seedling and seed development stages (Kitajima
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and Fenner, 2000; Mudgal, 2004; Cuartero et al.,
2006), and flowering stage (Amin, 2011).
Groundnut yield reduction of 25%, 50%, and
100% consecutively were observed on salinity
level of 4.1, 4.9, and 6.5 mmhos/cm (Mungala et
al., 2008). Yadav et al. (2011) found that EC 3.2
dS/m is critical value for groundnut based on
yield reduction. From greenhouse trial showed
that ten Indonesian groundnut varieties tested
failed to produce pod on soil with EC about 2.0
dS/m (Taufiq et al., 2015).

The use of tolerant cultivars is an
economical way to solve the salinity problem.
Nevertheless, amelioration is needed when
salinity above the level that can be tolerated by
crops. Amelioration using P and K fertilizers,
manure, ash, and dolomite were effective in
increasing yield of rice and palawija crops
(Sembiring et al., 2008; Iskandar and Chairunas,
2008). Th objective of this study was to identify
effective ameliorant for improving growth and
yield of groundnut on saline soil.

Materials and Methods

On farm trial was conducted at Gesikharjo village,
Palang Sub District, Tuban District (6o54’20.396”
S, 112o8’18.118” E; 30 m abs). Sowing was
conducted on 4 June and was harvested on 1
October 2015. Soil charracteristics at the site are
presented in Table 1.

The trial that consisted of two factors was
laid out in a completely randomized block design
with three replicates. The first factor was two
groundnut varieties (Domba and Hypoma 1),
where Domba belong to spanish type and Hypoma
1 belongs to valencia type. The second factor was
six kind of amelioration consisting of control, 120
kg/ha K2O, 2.5 t/ha dolomite, 2.5 t/ha gypsum, 2.5
t/ha organic manure (OM), and combination of
1.5 t/ha gypsum + 2.5 t/ha OM. Agricultural
dolomite (80 mesh) bought from retailer in
Lamongan containing 26.2% CaO and 15.2%
MgO (extraction 25% HCl). Gypsum used for this
study contained 20.7% CaO and 0.6% MgO that
was produced by PT. Petrokimia Gresik. Organic
manure used for this study was produced by CV.
Sumberagung Malang containing 5.6% C-organic,
0.34% N, 0.99% K, 0.89% Ca, and 0.68% Mg.
Analysis of dolomite and organic manure was
conducted at Iletri’s Laboratory.

Land preparation was done by clearing the
previous crop residue (rice), and no soil tillage.
Contact herbicide was applied before planting to
control weeds. Plot size was 4 m x 3 m, and inter
plot separated by drainage canal. Brodcast
application of ameliorant was in accordance with

the treatment applied just before sowing.
Groundnut seeds (1-2 seeds/hole) were planted at
spacing of 40 cm x 15 cm, then covered with soil.
Basal fertilization that consisted of 33.7 kg N/ha,
36 kg P2O5/ha and 30 kg K2O/ha was broadcasted
just after planting. Tilling and hilling up soil were
made at 25 days after planting (DAP). Another
22.5 kg N/ha was applied at 50 DAP. Irrigation
was applied seven times from 15 up to 65 DAP
with 7 days interval, and at 80 DAP. Irrigation
came from well at trial site with EC of water 2.65
dS/m (first up to third irrigation) and EC 4.08
dS/m (fourth up to seventh irrigation). Manual
weeding was conducted three times at 20, 45, and
75 DAP. There were no pest and disease during
crop growth and therefore no pesticide was
applied.

Soil analysis that was conducted before
planting and at harvest consisted of EC, pH, C-
Organic, exchangeable Na, Ca, Mg, and K. Before
planting, soil sample collected from all plots at
soil depth of 0-20 cm and 20-40 cm, and then
composite according to soil depth. At harvest,
soil sample was collected from each plot at soil
depth of 0-20 cm and then composited according
to the treatment.

Tissue analysis of above ground plant part at
maximum vegetative growth consisted of Na, Ca,
Mg, and K. Five samples were collected from
each plot (out side of harvesting plot), oven dried
at 75 oC up to constant weight, then ground and
composite during grinding according to the
treatment. Soil and plant analyses were conducted
at Iletri’s Laboratory according to Eviati and
Sulaeman (2009).

Plant height was recorded at 15, 30, 45, 60
and 75 DAP, by measuring lenght of main stem of
five plants each plot. Chlorophyl content index at
was recorded at 15, 30, 45, 60 and 75 DAP, by
measuring leave of five plants each plot using
Chlorophyl meter SPAD-500.

Dry weight of shoot at maximum vegetative
growth 10 plant samples each plot , oven dried at
105 oC up to constant weight. Data collection at
harvest consisted of number of harvested plant,
number of filled and immature pods, fresh and sun
dry weight of pods, and weight of dry seeds.

Results and Discussion

Soil chemical properties

Electrical condutivity (EC), pH, exchangeable
(exch)-K, Ca, Mg, and Na of soil at trial site were
high, but Na saturation was low (Table 1). The
soil is clasified as saline soil according to Gorham
(2007) and Sposito (2008). The site that is located
500 m from the coast, is situated in a valley
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surrounded by limestone hills. Sea water flow into
the canal up to 1.5 km from the coast during dry

season. During the trial, EC of ground water
varied from 2.65 dS/m to 4.08 dS/m.

Table 1. Soil chemical properties at trial site.

Soil parameters Method Soil depth (cm)
0-20 20-40

pH-H2O 5:1 7.7 8.3
C-organic (%) Kurmis 2.27 1.26
Exch-K (cmol+/kg) 1 N NH4OAc pH 7 1.80 1.80
Exch-Na (cmol+/kg) 1 N NH4OAc pH 7 2.33 1.58
Exch-Ca (cmol+/kg) 1 N NH4OAc pH 7 43.70 39.10
Exch-Mg (cmol+/kg) 1 N NH4OAc pH 7 15.50 15.60
CEC (cmol+/kg) 1 N NH4OAc pH 7 48.20 71.40
EC (dS/m) Soil:water 1:1 15.33 7.05
EC (dS/m) Soil:water 1:2 7.66 3.53
Na saturation (ESP, %) (Na/CEC)*100 4.83 2.21
SAR (sodium adsorption ratio) Na/√[(Ca+Mg)/2] 0.43 0.30

Soil EC with dilution ratio of 1:2 (soil:water) was
classified as very saline according to classification
adopted by Georgia University (Sonon et al.
2015). Soil fertility was high based on exch-K,
Ca, and Mg content. Soil EC level was above the
critical level of 3.2 dS/m for groundnut according
to Yadav et al. (2011), and so that limited
groundnut growth. Green house trial showed that
groundnut failed to perform pods at EC level of
about 2.0 dS/m (Taufiq et al. 2015). Eventhought
the EC level of soil above the critical level, but
groundnut in this trial performed pods, and it
might be due to soil contained high K, Ca, and
Mg. Soil data after harvest showed that C-organic

in all treatment was lower than control, except in
organic manure (OM) treatment that increased by
1.4%, and exch-K also increased by 13 up to 19%.
Comparing with soil analysis data before planting
(Table 1), exch-Na reduced by 59%, Na saturation
by 65%, and EC by 16%. The reduction might be
due to leaching as irrigation applied seven times
during crop growth. Among the amelioration
treatments, only application of gypsum+OM
reduced exch-Na, EC, and Na saturation by 10%
compared with check (Table 2). It means that
application of gypsum+OM is more effective in
reducing exch-Na, EC, and Na saturation than the
other treatments.

Table 2. Soil properties at 0-20 cm soil depth at harvest.

Amelioration Soil Parameters
treatments pH-

H2O
1:2.5)

C-org
(%)

Exchangeable Cations
(cmol+/kg)

EC
(1:2,

dS/m)

Na sat.
(%)

K Na Ca Mg
Control 8.6 2.84 1.67 0.95 38.45 14.90 6.14 1.69
K2O 8.7 2.62 1.91 0.98 36.88 15.10 6.05 1.79
Dolomite 8.7 2.75 1.88 1.00 37.55 14.93 7.45 1.80
Gypsum (Gyp) 8.8 2.60 1.91 0.94 38.18 14.95 6.44 1.68
Organic manure (OM) 8.7 2.88 1.99 0.95 37.90 15.08 6.95 1.69
Gyp+OM 8.7 2.56 1.90 0.85 37.90 15.08 5.53 1.53

Crop growth

Growth of Domba and Hypoma 1 varieties was
retarded, and no signficant different in plant
height among the two varieties from 15 DAP up
to 50 DAP (p≥0.113). Hypoma 1 grew higher than

Domba (p≤0.02) starting from 65 DAP (Figure
1a), and it is because of Hypoma 1 is Spanish type
while Domba is Valencia type. There was no
signficant different of shoot dry weights of both
varieties at 50 DAP, and it was about 2 g/plant
(Figure 1b).
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Soil amalioration using K fertilizer, organic
manure (OM), gypsum, dolomite, and
gypsum+OM did not improve plant height
(p≥0.227), as well as shoot dry weight (p=0.38)
(Figure 2). It indicates that ameliorant applied did
not effectively improve groundnut growth. Soil

analysis at harvest showed that EC level was still
above the critical level of 3.2 dS/m according to
Yadav et al. (2011). Stunted plant growth and low
biomass accumulation indicate that salinity stress
inhibited the growth of peanuts, and this was in
accordance with Cakmak (2005).

A B

Figure 1. Plant height (A), and shoot dry weight (B) of Domba and Hypoma 1 varieties grown on saline
soil in Tuban (LSD 5% for plant height at 65, 75, and 115 DAP consecutively 0.6, 0.5, and 2.0
cm).

Figure 2. Effect of soil amelioration on plant height and shoot dry weight of groundnut on saline soil in
Tuban.

Chlorophyl content index

In the trial, the seeds began to germinate and
visible at above ground at about 10 DAP and
looked normal. Chlorophyl Content Index (CCI)
at 15 DAP is 42 indicating high chlorophyl
content, and CCI was reduced to 30 at 30 DAP
indicating low chlorophyl content (Figure 3). The
CCI at level of 30, leaves colour showing

yellowish like nitrogen (N) deficiency symptom.
Leaves became normal green after 30 DAP as
indicated by increasing the CCI to level of ≥35,
means that both variety recovered. Mechanism of
recovering migh be related to root development
and root penetration into deeper soil layer with
lower EC, exch-Na, and Na saturation (Table 1).
The CCI of Hypoma 1 after 50 DAP was
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significantly higher than Domba (Figure 3),
indicating that Hypoma 1 might be more tolerant
to salinity than Domba. Salinity reduced N
absorbtion (Hirpara et al. 2005), and total
chlorophyl content (Hammad et al. 2010; Taffouo

et al. 2010). Soil amelioration using K fertilizer,
organic manure (OM), gypsum, dolomite, and
gypsum+OM could not retard chlorophyl demage
as indicated by decreasing the CCI at 30 DAP
(Figure 4).

Figure 3. Chlorophyl Content Index (CCI) of groundnut of Hypoma 1 and Domba varieties on saline soil
in Tuban (LSD 5% at 65 DAP=2.0 and 75 DAP=1.5).

Figure 4. Effect of amelioration on Chlorophyl Content Index (CCI) of groundnut on saline soil in Tuban.

Yield and yield components

Number of branches of both variety tested was
normal, but the number of filled pods was very
low. Number of branches and filled pods of
Hypoma 1 were higher than Domba. Therefore,
Hypoma 1 had higher yield and harvest index (HI)
than Domba. Weights of fresh and dry pods of
Hypoma 1 consecutively 58% and 71% were
higher than Domba. Productivity of Hypoma 1
was 1.8 t/ha fresh pods or 0.7 t/ha dry pods (Table
3). Low number of pod per plant and pod yield
due to salinity effect was also reported by Taffouo

et al. (2010). Weight of a 100 seeds of Domba
variety was 31.1 g and Hypoma 1 was 41.5 g
(Table 3). According to their discription, weight
of a 100 seeds of Domba is 46.5-50.5 g and
Hypoma 1 is 31.2 g. It means that on saline
condition, seed size of Hypoma 1 was bigger, but
Domba was smaller than in normal condition.
Visual observations showed pod size was
relatively normal, but pod shell especially on
Domba variety was thicker than Hypoma 1. HI of
groundnut in normal condition is about 0.47. The
low HI indicates low photosyntate partition to the
reproductive organs, and it might be related to
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reduction of K absorbtion and K translocation as
reported by Asch et al. (2000), Hirpara et al.
(2005), Hu and Schmidhalter (2005).
Amelioration using K fertilizer, dolomite,
gypsum, organic manure (OM), and gypsum+OM
did not significantly affect fresh and dry pod
yield, and it might be due to high cooficient of
variation. However, application of gypsum

increased fresh pod yield by 12.6% and dry pod
yield by 13.1%, and increased consecutively by
19.9% and 26.1% with application of gypsum+
OM (Table 3). The result showed that application
of gypsum and gypsum+OM had better effect than
other treatments on yield improvement, and it
could be related to it’s ability to reduce exch-Na,
Na saturation, and soil EC.

Table 3. Effect of variety and amelioration on yield and yield components of groundnut on saline soil in
Tuban.

Factors Number/plant Weight of pods (kg/ha) Harvest
Branches Filled

pods
Empty

pods
Immature

pods
Fresh Dry index

Variety
Domba 5 b 4 b 3 6 1.127 b 436.0 b 0.18 b
Hypoma 1 6 a 8 a 4 5 1.782 a (58)1) 745.2 a (71) 0.27 a
Amelioration
Check 5 6 3 6 1.435 564.9 0.24
K2O 6 7 4 5 1.470 (2,4) 2) 604.6 (7.0) 0.21
Dolomite 5 6 3 4 1.141 (-20,5) 469.9 (-16.8) 0.23
Gypsum (gyp) 6 5 3 4 1.616 (12,6) 638.9 (13.1) 0.21
Org. manure (OM) 6 8 4 5 1.344 (-6,3) 552.6 (-2.2) 0.27
Gyp+OM 6 7 4 6 1.721 (19,9) 712.5 (26.1) 0.23
Variety (V) ** ** ns ns ** ** **
Amelioration (A) ns ns ns ns ns ns ns
V*A ns ns ns ns ns ns ns
CV (%) 7.9 41.1 44.9 40.7 43.1 46.9 35.4

Notes: numbers in one coloum in each parameter and factor with the same letter or no letter means not significantly
different at LSD 5%;* and **= signficant at level of 5% and 1%;ns=not significant; 1)increament percentage to
Domba; 2)increament percentage to check.

The weight of dry pods positively correlated with
plant population at harvesting time (r=0.73, n=36)
(Figure 5). Plant population of Hypoma 1 at
harvesting time is 70%, while Domba is 60% of
initial population (200 plants/plot). It means that
mortality of Hypoma 1 is 30% and Domba is
40%. Singh et al. (2008) showed that mortality of

non sensitive groundnut variety on salinity of >4
dS/m reached 50%, and 100% for sensitive
variety. This indicates that Hypoma 1 and Domba
variety are tolerant to salinity, but among the two,
Hypoma 1 is more tolerant to salinity than
Domba.

Figure 5. Correlation between number of harvested plant and weight of dry pods of groundnut of saline
soil in Tuban (plot size=12 m2).
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Plant population at harvesting time on dolomite
and OM treatment consecutively was 50% and
60% from the initial population (Figure 6), and
these population was lower compared with the

other treatments. This indicates that productivity
of groundnut on saline condition determined by
the mortality percentage that is related to degree
of tolerancy of variety.

Figure 6. Percentage of plant population of two groundnut varieties (Domba and Hypoma 1) and
amelioration treatment at harvesting time on saline soil in Tuban (plot size=12 m2, initial plant
population 200 plants/plot).

K, Na, Ca, and Mg Absorbtion

K content of shoot at 50 DAP (paging stage) was
fair, but Ca and Mg contents were high.
According to Fegeria (2009), sufficiency levels of
K, Ca, and Mg content on groundnut shoot at
paging stage is 1.7-3.0% K, 1.25-1.75% Ca, and
0.3-0.8% Mg, respectively. Domba variety
absorbed more K than Hypoma 1 variety, but
Hypoma 1 absorbed more Ca than Domba. Both
varieties absorbed relatively similar amounts of
Na and Mg (Table 4). Absorbtion of Ca reduce
adverse effect of salinity (Nooghi and Mozafari,
2012; Shukla et al., 2010). Tolerancy of Domba
variety might be related to higher K absorbtion,

while Hypoma 1 variety was related to higher Ca
absorbtion.

Comparing with check treatment,
amelioration using K fertilizer, dolomite, gypsum,
organic manure (OM), and gypsum+OM did not
reduce Na absorbtion, increased K absorbtion
except on gypsum+OM treatment, and increased
Ca absortion (Table 4). The high Ca absortion
reduced adverse effect of salinity as found by
Nooghi and Mozafari (2012) and Shukla et al.
(2010). However, Ca absortion on dolomite and
OM treament might be too high that also had
adverse effect on mobility of K in plant tissue.

Table 4. Effect of variety and amelioration on K, Na, Ca, and Mg content in shoot of groundnut at 50
days after planting (paging stage) grown on salin soil in Tuban.

Treatment Nutrient Content (%) Nutrient Absorb tion (mg/plant)
K Na Ca Mg K Na Ca Mg

Variety
Domba 1.89 0.30 2.28 1.22 36.8 5.8 44.3 23.7
Hypoma 1 1.71 0.27 2.34 1.20 33.3 5.3 45.5 23.3
Amelioration
Check 1.79 0.28 1.94 1.20 34.8 5.4 37.7 23.3
K2O 1.87 0.29 2.19 1.23 36.4 5.6 42.6 23.9
Dolomite 1.85 0.28 2.53 1.25 36.0 5.4 49.2 24.3
Gypsum (gyp) 1.86 0.29 2.24 1.15 36.2 5.6 43.6 22.4
Org. manure (OM) 1.77 0.28 2.52 1.18 34.4 5.4 49.0 23.0
Gyp+OM 1.69 0.28 2.42 1.24 32.9 5.4 47.1 24.1
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The research results showed that Domba and
Hypoma 1 varieties could grow and complete
their life cycle in saline condition. Domba variety
tolerant to salinity might be due to high K
absorbtion, while Hypoma 1 might be due to high
Ca absorbtion. Hypoma 1 yielded higher pods
than Domba because of lower mortality in saline
environments, and has better in seed development
and seed filling. It seems that Hypoma 1 is more
tolerant to salinity than Domba.

Salinity amelioration using combination of
gypsum and organic manure has better effect in
improving saline soil compared with amelioration
using K fertilizer, dolomite, gypsum, and organic
manure (OM) because it relatively consistent in
reducing exchangeable Na, Na saturation, and soil
EC, and also increase groundnut yield higher than
the other treatment.

Conclusion

The use of saline-tolerant variety is the key to
successful management of saline soils. Domba
and Hypoma 1 varieties tolerant to saline because
they can grow and completing their life cycle in
saline condition. Hypoma 1 more prospective
developed in saline condition because of higher
productivity associated with higher survival as
well as better pod setting and seed development.
Combination of gypsum with manure provide
better effect in improving saline soil due to the
relatively consistent in reducing exchangeable Na,
Na saturation, and soil EC, as well as the
opportunity to improve the productivity of
groundnut.
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