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Abstract

This study aims to determine the heritability estimation of several peanut genotypes and to test
tolerance to shade and drought stress. The research was carried out in 3 stages, the first stage from May to
July 2019 in Sigerongan village, Lingsar District, West Lombok Regency, the second phase from August
to October 2019 in Sigerongan village, Lingsar District, West Lombok Regency, and the third stage from
July to September 2020 in Nyiurlembang village, Narmada District, West Lombok Regency, West Nusa
Tenggara. The experimental design used in estimating heritability was a randomized block design (RAK)
consisting of 20 peanut genotypes, namely G2T5, G3D6, G2D2, G5-Ull, G300-II, G2T3, G11-Ul, G3T4,
G200-1, and G12. -Ul, G2T1, G2D7, G3T10, G3D8, G7-Ull, G7-Ulll, G3T7, G16-Ul, G7-Ul and G2D3.
Tolerance test of peanut genotypes to shade and drought stress used a Randomized Block Design (RBD)
with a Split Plot Design. The results showed that the genetic diversity value of peanut genotypes against
the tested parameters showed that all peanut genotypes were ineffective for further tests on the parameters
of plant height, number of leaves and number of branches, while the parameters of the number of filled
pods and dry weight of pods all genotypes showed moderate criteria which means that it is effective for
further selection. Shade treatment was more influential than treatment without shade. The parameters of
pod dry weight and number of filled pods showed a significant difference between the two. Genotypes
sensitive to shade stress are G2T5, G3D6, G2T3, G200-I, G2T1, G2D7, G3D8, G7-Ull, TAKAR, G3T7,
mildly tolerant genotypes, namely G2D2, G5-UlI, G300-11, G11-Ul, G3T4, G12-Ul, G3T10, G7-Ul, and
G2D3 and the shade tolerant is G16-Ul. Plant genotypes that were sensitive (P) to drought stress were
G2T5, G3D6, G2D2, G5-Ull, G2T3, G11-Ul, and G3T4. And the genotypes that are somewhat tolerant
are G200-1 and G12-Ul. Meanwhile, the drought tolerant genotype was G300-11.
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Introduction

Peanuts (Arachis hypogaea L.) is a leguminosa plant that is quite important in Indonesia, where
about 20% of the protein consumed by Indonesian households comes from legume crops, especially
soybeans and peanuts, therefore the demand for peanuts continues to increase both for consumption and
the food industry. National peanuts in 2013-2015 tend to continue to decline by 701,680 tons in 2013,
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638,896 in 2014 and 605,449 tons in 2015 with average productivity still around 1.3 t/ha, where
productivity is fairly lower when compared to potential yields reaching 4.3 t/ha (BPS, 2018; Deptan,
2013). The decrease in peanut production in 2013-2015 occurred due to a decrease in harvest area. The
high demand for peanuts in the country that is not affected by increased productivity and production
causes the government to continue to import 125,636 tons (Deptan, 2016).

Peanut plants are also widely developed under the establishment as intermittent plants
(intercropping) in addition to being developed on dry land. Suparman and Abdurrahman (2003) reported
peanuts are plants that are responsive to shade. The response of plants in the shaded environment is
determined by the tolerance of plants to the reduction of light intensity. One of the influences of shade on
the morphology of plants is that the stems of plants become higher because the stems of plants are
ethiolasi (Uchimiya, 2001). In addition, shade can also affect the initial growth of plants. Plants that
experience shade at the beginning of growth have characteristics such as long hypocotyl, closed cotiledon,
low chlorophyll content, and low levels of photosynthetic gene expression (Baharsyah, 1985). Lack of
light received by plants will cause physiological disorders, especially the decrease in the rate of
photosynthesis which further results in low productivity of plants.

Dry land conditions often cause problems in peanut farming, which is very influential on peanut
productivity. In the state of water deficit, the area of peanut plant leaves will be reduced when compared
to optimum conditions. Collino et al. (2000) and Chapman et al. (1993) reported water insecurity led to a
reduction in the biomass of dried leaves and peas as well as a decrease in the weight of dried pods thought
to be due to the inhibition of the process of initiation and lengthening of ginophores, thus lowering crop
yields but the magnitude of the decrease in yield depends heavily on cultivated peanut cultivars (Jogloy et
al. 1996; Boote and Ketring, 1990). Other studies have also shown that groundwater deficiency reduces
the growth of peas and peanut seeds by 30% and seed weight reduction by approximately 428-563 mg
(Sexton et al., 1997).

Efforts to overcome drought and shade are to use drought-tolerant genotypes and shade through
hybridization. Previous research has obtained several drought-tolerant mutant genotypes namely G300-11
and G200-1 (Hemon et al., 2012-2016). This genotype wants to be improved in a shade-tolerant nature.
Crosses of G300-11 with Bison cultivars (shade tolerant) and G200-I with Bison cultivars (shade tolerant)
have been performed. This research has produced a derivative of the genotype F1. Then hemon research,
et al (2018) conducted a cross of drought-tolerant genotypes namely G300-I1 and G200-1 with cultivars
Bison, Sheep and Takar produce derivatives F2. These generations need to know their genetic diversity
and heritability.

Wide genetic diversity and high heritability are among the requirements for effective selection
(Hakim, 2010). High heritability values indicate genetic factors play more role in controlling a trait
compared to environmental factors (Barmawi et al. 2013). Heritability determines the progress of
selection, the greater the value of heritability the greater the progress of selection, and vice versa.
Character selection must have high diversity and heritability, in order to obtain the target of selection
progress (Lubis et al., 2014).

Based on the description above, the purpose of this study is to find out the coefficient of genetic
diversity and heritability of some peanut genotypes, as well as its tolerance to shade and drought.
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Method

The design used in the heritability estimation study is a Randomlzed Group Plan (RAK)
consisting of 20 genotypes namely G2T5, G3D6, G2D2, G5-Ull, G300-I1, G2T3, G11-Ul, G3T4, G200-I,
and G12-Ul, G2T1, G2D7, G3T10, G3D8, G7-Ull, G7-Ulll, G3T7, G16-Ul, G7-Ul and G2D3. Each
treatment is repeated 3 times. Analysis of the value of broad meaning heritability using formulas

according to Singh and Chaudhary (1985): Variety of genotypes (a3 )= Alg—RTe Variety of phenotypes

¥
r

.
(o3)= o3+ KTe, The expected value of heritability (H*)= a—g Falconer (1989) in Sutjahjo (2007), a
B

measure of genetic variability can be expressed in kkg, the following formula:

KKG = ﬁ;x 100%. The implementation of research includes seed preparation, planting media
=
preparation, fertilization, watering, weeding, harvesting, sampling and observation. There are 5
observation parameters namely the height of the plant (cm), the number of leaves (strands), the number of
branches (strands), the dry weight of the pods (g) and the number of fill pods (g). Planting is done with a
length of approximately 3 m, and a width of 50 cm.

The design used in the study of tolerance test to shade safety is RAK Split Tile with two factors,
namely: Shade (T, as the main tile) consisting of 2 levels (TO= without shade; T1= with shade), and
peanut genotype (G, as a plot child) consisting of 20 levels: G2T5, G3D6, G2D2, G5-Ull, G300-I1, G2T3,
G11-Ul, G3T4, G200-1, G12-Ul, G2T1, G2D7, G3T10, G3D8, G7-Ull, G7-Ulll, G3T7, G16-Ul, G7-Ul
and G2D3, respectively repeated 3 times. The implementation of research includes seed preparation,
planting media preparation, fertilization, watering, weeding, harvesting, sampling and observation. There
are 5 observation parameters namely the height of the plant (cm), the number of leaves (strands), the
number of branches (strands), the dry weight of the pods (g) and the number of fill pods (g). Planting is
done with a length of approximately 3 m, and a width of 50 cm. The shade is made with a height of 3m, a
width of 8.5 m and facing east west. coated with 65% black paranet.

Calculation of Sensivity (S) values based on fischer and maurer formula (1978), i.e.:
S=((1-YIYp))((1-XIXp))
Description:

Y = The average value of certain changes (eg: number of branches, height of plants, etc.) in one
genotype that experiences shade insecurity.

Yp = The average value of the change in one genotype of the optimum environment.

X = The mean value of the modifier on all genotypes that experience shading.

Xp = The average value of the change in all genotypes of the optimum environment.

Score or Score:

A = Tolerant genotype of shade if it has a value of S <0.5.
B = Somewhat tolerant if 0.5>S < 1.
C = Sensitive if S > 1.

The design used in the research tests tolerance to drought insecurity is RAK Split Tile with two
factors, namely drought safety (N) as the main tile that is attached to two levels, namely (NO= without
drought treatment; N1= with drought treatment), peanut genotype (G) as a plot consisting of 10 levels,
namely: G2T5, G3D6, G2D2, G5-Ull, G300-1I, G2T3, G11-Ul, G3T4, G200-I, and G12-U. Each
treatment is repeated 3 times. Planting is done in polybags, and irrigation by means, all plants are watered
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to a roomy capacity from the beginning of planting until the age of 14 days. Airy capacity is determined
by watering the planting medium until saturated. Water saturation is indicated by dripping water on the
polybag base aeration hole. Drought-stricken treatment is given starting from plants aged 15 days after
planting until 85 Days After Planting (HST). When the plant enters the age of 15 HST, some plants do not
experience drought insecurity (plants in the condition of land lengas field capacity) and some are
maintained in drought-stricken conditions partly due to reduced water delivery. Drought-stricken plants
are watered to an airy capacity once every 4-7 days (a day after 70% of the symptoms of withering on the
leaves). Drought-stricken treatment is given until the plant is 85 days old. The next plant is given
optimum conditions until the harvest plant (Hemon, 2006). The implementation of research and
calculation of sensivity value (S) in tolerance test to drought insecurity is the same as tolerance test to
shade safety.

Results and Discussion

1. Heritability Estimation

In Table 1 it appears that the suspected value of the genotype heritability of peanuts to the height
of the plant indicates a "low" criterion which means that the criteria provide little chance of improvement
through selection. The dry weight of the pods and the number of fill pods indicate "moderate” criteria
which means that it can provide opportunities for improvement. In Table 2 it is seen that the coefficient
value of genetic diversity of peanuts against the height of plants and the dry weight of pods shows a
"rather low" criterion. The number of fill pods indicates the "high" criteria. This indicates that in selection
activities with a rather low variability of traits resulting in selection activities can increase genetic
progress, so that the opportunity for improvement efforts through selection in the selection of the desired
genotypes is effective.

Table 1. The Expected Value of Broad Meaning Heritability (H2) for Five Genotype Parameters

of Peanuts
No 2Parameter 6’ 6’ H?2 Criteria
G G=((KTG-KTE)/r)
1 Plant Height (cm) 2,966 18,801 0,157 Low
2 Number of Leaves (strands) -19,869 157,003 -0,126 il
3 Number of Branches (strands) -0,037 1,310 -0,028 falale
4 Dry Weight Pods (g) 10,763 46,656 0,230 Medium
Number of Fill Pods (g) 6,162 13,927 0,442 Medium

Description : o = genetic variety; o, = phenotype variety; H2 = heritability; Dayability
criteria (H2): low = < 0.2; Medium = > 0.2 - > 0.4; height = > 0.5. = Data is not worth
analyzing because the KTG value (treatment middle square) is smaller than the KTE (Middle
square of error) value (Whirter, 1979)

Sutaryo and Sudaryono (2010) in their research stated that the expected value of moderate to high
heritability plays a role in improving the effectiveness of selection. In characters that have high
heritability selection will run effectively because the influence of the environment is so small that genetic
factors are more dominant in the appearance of plant genotypes. In characters with low heritability,
selection will be relatively less effective, because the appearance of plant phenotypes is more influenced
by environmental factors compared to genetic factors.
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Purba et al. (2013) states that high heritability values indicate that genetic factors have a greater
influence than environmental factors. The value of moderately crimined heritability indicates that the
influence of environmental factors is as great as the influence of genetic factors, while the value of low-
critical heritability indicates that the variability caused by environmental factors is greater than that of
genetic variability. It is supported by Hanafiah et al. (2016) that high heritability values are caused by
relatively homogeneous environments, while low heritability values are caused by non-homogeneous
environments. This suggests the appearance of a character with high heritability is more influenced by
genetic factors than environmental factors.

Based on the value of heritability in Table 1 obtained negative values on the number of leaves
and the number of branches. This is in accordance with Allard's explanation (1960). The genetic variety
value is negative, because the middle square value of the genotype is smaller than the middle squared
value of the error. Or it could be said that the parameters of the number of leaves and the number of
branches tend to be uniform.

Table 2. Genetic Diversity Coefficient Value (KKG)

No Parameter KKG Criteria

1 Plant Height (cm) 9,161 Somewhat Low

2 Number of Leaves (strands) 0 e

3 Number of Branches (strands) 0 il

4 Dry Weight Pods (g) 7,031 Somewhat Low
Number of Fill Pods (g) 17,829 High

Description: KKG = coefficient of genetic diversity; Kreteria KKg (%) low: 0 %-6.8%; low:
6.9 %- 13.6 %; somewhat high: 13.7 %- 22%; height: > 22%. = Data is not worth analyzing
because the KTG value (Middle square of treatment) is smaller than the KTE value (Middle
square of error) (Sofi, 2008)

According to Suwardi (2002) in his research stated that the high low value will describe the
reality of diversity of a character. The low diversity value indicates that individuals in the population
tested tend to be uniform. While the value of moderate or somewhat low to high diversity indicates that
individuals in the population need to make improvements through subsequent selection.

Hapsari (2016) states that the more diverse individual traits in a population, the higher the
frequency of desired genes, while the high genetic diversity indicates that individuals in the population
need to make further improvements through selection.

The coefficient of genetic diversity is a measure to determine whether the observed material has a
large genetic variety or not. This is related to the selection activities that will be conducted in the
population to be observed so that the breeder is very interested in this value. A large coefficient of genetic
diversity indicates that genetic manipulation performed on a trait that has such a coefficient will have a
great chance of being achieved, while traits that have a small coefficient of genetic diversity will give a
very small chance of success if the traits are improved (Samsudin and Saleh, 2009).

2. Tolerance Test for Shade Safety

Based on fischer and maurer formula (1978) obtained several genotypes of peanuts that are
tolerant of shade. In Table 3, it is seen that the genotype of plants that are sensitive (P) to the sunken
shade is G2T5, G3D6, G2D2. Somewhat Tolerant Genotypes (AT) are G2T3, G11-Ul,G3T4,G3T10,G7-
UIILG7-Ulll, G3T7. Plant genotypes that are tolerant of shade check are G7-Ul, G16-Ul, G2D7, G2T1,
G12-Ul, G200-I, G300-I1, and G5-UllI.
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Peanuts are plants that are resistant to shade and the roots are able to bind nitrogen (N2) from the
air through symbiosis with rhizobium bacteria (Adisarwanto, 2003). Based on the research of Suparman
and Abdurrahman (2003), peanuts are plants that are responsive to shade. The response of plants as a
result of environmental factors is seen in the appearance of plants (performance). Plants try to meet their
life needs in the form of morphological, physiological or anatomical responses. The same genotype, in
different environments the appearance can be different.

Table 3. Sensibility Index Value of twenty Peanut Genotypes tested on Shade Safety and no Shade
Sensivity Value (S)

No Genotypes Average Phenotype

BKP JPI
1 G2T5 195 219 2,07 P
2 G3D6 2,38 2,15 2,26 P
3 G2D2 1,04 1,39 1,21 P
4 G5-Ull 0,83 0,04 0,43 T
5 G300-11 0,30 0,28 0,29 T
6 G2T3 1,43 0,12 0,78 AT
7 G11-Ul 1,36 0,12 0,74 AT
8 G3T4 157 0,42 1,00 AT
9 G200-1 0,41 0,56 0,49 T
10 G12-Ul 0,24 0,02 0,13 T
11 G2T1 0,12 0,6 0,14 T
12 G2D7 0,44 05 0,40 T
13 G3T10 1,18 0,1 0,59 AT
14 G3D8 152 338 2,70 P
15 G7-Ull 083 0,2 0,58 AT
16 G7-Ulll 152 0,5 0,98 AT
17 G3T7 083 04 0,58 AT
18 G16-Ul 0,50 0,8 0,29 T
19 G7-Ul 03 00 0,37 T
20 G2D3 2,43 0,38 1,41 P

Description: S=Sensitivity Index Value; T= Tolerant (< 0.5); AT= Somewhat Tolerant (> 0.5S < 1); P=
Peka (S > 1); BKP= Dry Weight Pods; JPI= Number of Fill Pods

Hanafi et al. (2005) stated that the treatment of shade level has no noticeable effect on the
production of fresh ingredients and the production of dry green ingredients. Sundari et al. (2005)
mentions the yield of green beans in the shade 75% decreased the yield of green beans reached 65.21%
when compared to without shade, but when compared to the shade 50% green bean yield only down
34.01%. The results of hemon et al. (2020) showed that the sunken shade given from the beginning of the
plant to the harvest resulted in a longer segment of peanut plant stems. Sundari et al. research (2015)
reported that shade intensity up to 75% increases plant height and reduces the number of leaves in
soybean crops.

Shade has less effect on both growth and crop yields, where the higher the shade rate of plant
growth and yields such as the number of leaves per plant, the number of branches per plant, the
percentage of the number of fill pods per plant, the number of pods per plant, the weight of dried seeds
per plant, the weight of 100 seeds, except the height of the plant is decreasing, except in the parameters of
height of plants where the shade is getting tighter makes the plant higher. The density of shade results in
poor plant growth (Herdiana et al., 2008). Shade that is too tight for plants that require light will cause
ethiolasi, disruption to growth and even death for tolerant plants. In addition, photosynthesis factors can
affect the growth and yield of plants as revealed by Arissworo (2006) that photosynthesis is the process of
converting certain organic matter into organic food, where sunlight is a source of energy to be used as
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plant foodstuffs. Sunlight is an energy source in the process of photosynthesis, so it can affect vegetative
and generative growth (Cahyono, 2002).

Photosynthesis is the process of forming carbohydrates from CO2 and H20 in green leaves with
the help of solar energy. Carbohydrate production will increase with increased nitrogen nutrients, as well
as nitrogen will be utilized by plants to synthesize proteins. Carbohydrates and proteins that are
components of dry ingredients of plants so that the increasing formation of proteins and carbohydrates
will increase the production of dry forage ingredients (Humphreys, 1978). According to Salysbury and
Roos (1995) there are several factors that affect plant photosynthesis, namely: water (H20), carbon
dioxide (CO2), light, nutrients and temperature.

Plants classified as C3 and C4 exhibit the same morphological response to shade, but
photosynthesis responses differ from shade. In the shade-resistant grass group has a higher content of N
leaves than those sensitive to shade (Kephard and Buxton, 1993). According to Haris (1999), the increase
in leaf area is one of the mechanisms of tolerance to shade to obtain higher light or optimization of light
reception by plants. Shade can increase the proportion of leaves and cause the leaf area to spread more
throughout the canopy.

3. Tolerance Test for Drought

Based on fischer and maurer formula (1978) obtained several genotypes of peanuts that are
tolerant of shade. In table 4, it appears that the genotype of plants that are sensitive (P) to the sunken
shade are G2T5, G3D6, G2D2, and G5-Ull. Somewhat Tolerant Genotypes (AT) are G200-1 and G12-UI.
Genotype of plants that are tolerant of drought is G300-II.

Drought in the field affects the yield of peanut pods with yield losses ranging from 3-95% (Kasno
et al. 1995). A real drought check lowers the yield of peanut pods when they occur in the entire generative
phase. Peanut plants that experience drought in the vegetative phase can then be overcome in the
development phase of the pods will give the same pod yield (Kumaga et al., 2003). Drought in the
cooking phase of pods does not decrease the yield of peanut pods (Rahmianna et al., 2009).

Table 4. Ten Genotypes of Peanut Sensivity Index Values tested on Drought And No Drought
Sensivity Value (S)

No  Genotypes BKP Pl BA oA Average Phenotype
1 G2T5 0,11 2,45 1,04 0,65 1,06 P
2 G3D6 0,42 3,96 1,04 1,63 1,76 P
3 G2D2 2,37 1,72 0,31 0,13 1,13 P
4 G5-Ull 2,09 1,89 1,40 0,64 1,51 P
5 G300-11 0,36 0,23 0,00 0,41 0,25 T
6 G2T3 2,33 1,28 1,79 1,35 1,69 P
7 G11-Ul 1,10 2,71 1,13 1,76 1,68 P
8 G3T4 2,13 5,94 0,28 0,58 2,23 P
9 G200-I 1,25 0,19 0,42 1,25 0,78 AT
10 G12-Ul 0,85 0,22 1,19 0,81 0,77 AT

Keterangan: S=Nilai Indeks Sensitivitas; T= Toleran (< 0,5); AT= Agak Toleran ( >
0,5 S <1); P=Peka (S > 1);; BP= Berat Kering Polong; JPI= Jumlah Polong Isi; BA= Berat
Akar; PA= Panjang Akar; R= Rerata; G= Genotipe
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Water safety is associated with dryness, photosynthesis, mineral nutrients, metabolism, growth
and peanut yield (Devaiah et al., 2007). The availability of water in green bean plants has a real effect on
physiological and metabolic processes in plants. The plant's response to water dryness is generally
indicated by a decrease in the concentration of leaf chlorophyll. Decreased chlorophyll content at a time
when plants lack water is related to the acuity of photosynthetic devices and decreases the rate of
photosynthesis of plants. Lack of water will affect the content and organization of chlorophyll in
chloroplasts in tissues (Song et al., 2011).

The content of prolina leaves is one of the mechanisms of plants to prevent the negative influence
of drought. prolina content increases in line with increasing drought insecurity (Yang and Kao 1999).
According to Clanssen (2005) in his research stated that proline is an indicator of plants experiencing
water stress. In moderate to severe water deprivation conditions, the concentration of proline amino acids
increases compared to other amino acids (Gardner et al., 1991). Furthermore, Fitranty et al. (2003), stated
that in drought conditions, proline oxidation will be inhibited, so that proline production will increase and
in the presence of pscs genes proline production is increasing because pscs enzyme triggers glutamate
catalysis to proline.

Water limitation is one of the factors in the process of photosynthesis in plant tissues that will
reduce the rate of growth speed that basically by administering drought insecurity can decrease dry
weight. Barus and Yusuf (2004) reported in his research that the influence of the length of time of
watering showed a noticeable reduction in the dry weight of plants. The longer the watering time the more
tingi reduction of dry weight of plants, the length of watering time significantly decreases dry weight and
total absorption N. This is due to water limitation as one of the factors in the process of photosynthesis
and metabolism in plant tissues will reduce the rate of growth speed.

The first response of plants in response to severe water deficit conditions is by closing the
stomata. The decrease in turgor pressure that coincides with the increase of free abscess acid on the leaves
leads to narrowing of the stomata. The closure and/or narrowing of the stomata inhibits the process of
photosynthesis, this concerns the transportation of water in the body of plants and the decrease in the flow
of carbon dioxide on the leaves. The decrease in the concentration of carbon dioxide in the leaves affects
the mobilization of starch and potentially increases respiration. Plants will reduce the use of carbohydrate
reserves to maintain their metabolic processes, and this triggers a lack of carbon so that plants will
experience a decrease in growth and the longer the plant will experience death (Anggraini et al., 2015).

Conclusion

The suspected heritability of peanut genotypes indicates a low criterion of plant height, which
indicates the medium criteria of dry weight of pods and the number of filled pods. The expected value of
negative heritability is indicated by the number of leaves and the number of branches. The value of the
coefficient of genetic diversity (KKG) which indicates a rather low criterion is the height of the plant and
the dry weight of the pods, which indicates the high criteria that is the number of fill pods. The coefficient
of genetic negative diversity is indicated by the number of leaves and the number of branches. Sensitive
peanut genotypes (P) to shade insecurity are G2T5, G3D6 and G2D2. Rather tolerant genotypes (AT) are
G2T3, G11-Ul, G3T4, G3T10, G7-Ull, G7-Ulll, G3T7. Tolerant genotypes (T) include G7-Ul, G16-Ul,
G2D7, G2T1, G12-Ul, G200-I, G300-11, and G5-Ull. Peanut genotypes that are sensitive (P) to drought
insecurity are G2T5, G3D6, G2D2, G5-Ull, G2T3, G11-Ul, and G3T4. Rather tolerant genotypes (AT)
are G200-1 and G12-Ul. The genotype that is tolerant (T) to drought is G300-1l. Peanut genotype that is
also tolerant of shade and drought, namely G300-11.
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