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PERFORMANCE OF PEANUT UNDER ORGANIC AND INORGANIC NUTRITION
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ABSTRACT

This study was conducted to determine the response of organic manure and inorganic N source on
groundnut. The study involved a 3 x 5 factorial design with three organic manure (0, 5, 10 tons ha"')
levels and five N dose levels (0, 25, 50, 75, 100 kg N ha') with three replications. The combination
treatment of 10 tons ha' manure with 100 kg N ha' had the highest (P<0.05) plant height, chlorophyll
content, pod yield, and 100-seed kernel weight among all the treatment combinations applied.
Interaction between manure and N, was not significant for leaf area index, nitrate reductase activity,
kernel protein and harvest index. The highest nitrate reductase activity was with 5 tons ha' of manure,
and 75 kg N ha“'. The highest harvest index was obtained with 50 kg N ha'.
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Groundnut is a legume of nutrient abundance and
contains a wide variety of chemical constituents
such as proteins, carbohydrates, fibers, fats, niacin,
folates, thiamine, arachidic acid, flavonoid, magnesium,
and phosphorus (Limmongkon et al., 2017). Groundnuts
(Arachis hypogaeaL.) in Indonesia is the most important
agricultural commodity after soybeans which have a
strategic role in national food as a source of protein and
vegetable oil (Suresh et al., 2016). Badawi et al. (2011)
states that groundnuts contain 50% fat, 26-28% protein,
20% carbohydrate, and 5% fiber. In Indonesia, most
of the new groundnuts are used for household food
such as boiled groundnuts, crispy groundnuts, cooking
spices, and other snacks (Swastika, 2015).

The provision of organic fertilizer can improve soil
structure, increase soil absorption of water, improve
living conditions in the soil, and as a source of food
for plants. Whereas inorganic fertilizers can stimulate
overall growth especially branches, stems, leaves,
and play an important role in the formation of green
leaves (Haynes, 1986). Nitrogen (N) is essential
for the proper growth and development of crops.
Although a conservative application of N fertilizer can
improve maize production, its overuse may result in
serious consequences, including deterioration of the
environment and imminent exhaustion of the resources
(Ya-wei et al., 2019). Nitrogen (N) plays a critical role
in plant growth and productivity, as it is required for the
synthesis of many essential molecules including nucleic
acid (DNA and RNA), amino acid and protein (Fan et
al., 2014). The combined use of organic and inorganic
fertilizers can balance nutrient requirements, optimize
soil physical and chemical properties and increase the
availability of nutrients (Liu et al.,2019).
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Nitrogen can be taken up not only in the form of
inorganic N forms, such as nitrate and ammonium but
also in the form of organic form, such as amino acids,
small peptides or even protein. The use of nitrogen
by plants involves several steps, including uptake,
assimilation, translocation and, when the plant is aging,
recycling, and remobilization (Masclaux-Daubresse et
al., 2010). Information on the effects of the source of
N fertilizers on groundnuts is still required. This study
was conducted to determine the effect of source of N
on growth, chlorophyll content, nitrate reductase (NR),
weight of 100 seeds kernel, pod yield, harvest index
and seed protein of groundnut.

MATERIALS AND METHODS

The experiment was conducted at the Field
Laboratory, Faculty of Animal Husbandry and
Agriculture, Semarang, Indonesia on May 1, 2018, to
August, 30, 2018. The soil used for this research was
subsoil from Oxisol which has a sandy texture and is
very poor in soil fertility (Table 1). The groundnut studied
was bunch type( variety Gajah).

Table 1. Initial soil nutrient analysis

Parameter Nutrient (%) Score
Nitrogen (N)(Kjeldahl method) 0.13 low
P,O, (HCI 25% method) 0.08 Very low
K,O (HCI 25% method) 0.07 Very low
C-organic(Walkey and Black 9.18 High

method)
Source: Soil Research Center, Indonesia (2009)

The design was a 3 x 5 factorial with three
replications, with a total number of 45 plots with a size
of 2 x 2 m each and the spacing of 20 x 20 cms (100
plants plot*). Manure treatment involved K1 =0t ha™,
K2 =5t ha', K3 =10t ha' where for each treatment



0,25,50,75, 100 kg N ha (21.75; 43.5; 65.25 and 87 g
urea plot'.fed') doses were used. Plants were given
phosphate fertilizer @ 100 kg SP36 ha” ( 36 % P,0,)
and 50 kg KCI ha'(50 % K). Micronutrients (Fe, Mn, B,
Mo, Cu, Zn, Cl, Co) were added @ 10 grams for each
plot. Plants that did not grow or die were replaced with
the new one. Parameters measured were plant height,
chlorophyll content, NR, LAI, productivity, the100
seeds-kernel weight, harvest index and seed protein.

Plant height was measured from the base of the
stem to the growing point of the plant. Chlorophyll was
determined according to method given by Purbajanti et
al. (2016) and analysis of NR activity was performed
according to the methods used by Hartiko (1987). The
N content of the seed was assayed by Kjeldahl method
and the protein content was determined by: N content
X 6.25.

The chlorophyll content of the fifth leaf from the tip
of the plant, NR activity, grain yield, and peanut straw
stover yield were also determined. Chlorophyll content
was measured in fresh leaf samples. Leaf samples (0.5
g) were homogenized with acetone (90% v/v), filtered,
and made up to a final volume of 50 ml. Chlorophyll
concentration was calculated based on the absorbance
of the extract measured by a spectrophotometer
645 UV/Vis and 666 UV/Vis (Purbajanti et al., 2016).
Chlorophyll content was observed at 4 week old plants.
Leaf area index calculations were made by dividing leaf
area by plot area. LAl was observed at 12 week old
stage. Yield was measured at physiological harvest (90
days after planting). The weight of 100 seed-kernels
was recorded at 90 days after planting. Harvest index
was also worked out.

Analysis of NR activity was performed according to
the methods used by Hartiko (1987). The third leaves of
peanut plant shoots were harvested between 9 and 10
a.m. and used for further observation. The leaves were
washed with distilled water and finely sliced, and 200
mg of the leaf sample was added to 5 ml NaH,PO, and
NaHPO, buffer solutions at pH 7.5 in dark tubes that were
covered and maintained for 24 h, after which the buffer
solution was replaced with 5 ml of fresh buffer solution.
Next, 0.1 ml of 5 M NaNO, was added to every dark
tube. The time of addition of NaNO, was designated the
0 incubation point, and samples were incubated for 2 h.
Meanwhile, another test tube was filled with 0.2 ml 1%
sulfanilamide reagent, which was dissolved in 3N HCI
and 0.2 ml 0.02% naphthyl ethylene diamide. Then 0.1
ml of the filtrate was incubated for 2 h and was placed
in a test tube containing the sulfanilamide reagent, HCI,
and a naphthyl ethylene diamide solution. The test
tubes were agitated to mix the filtrate and accelerate the
reaction, and allowed to stand for 15 min; this resulted
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in the reduction of NO, with dye reagents to bring up the
pink color. Next, 2.5 ml of distilled water was added to
the test tube as a color diluent. The absorbance of this
solution was measured at a wavelength of 540 nm. NR
was observed at 4 weeks old plants.

The collected data were then analyzed using the
analysis of variance (ANOVA, Steel and Torrie, 1965)
using Duncan’s multiple range test.

RESULTS AND DISCUSSION

Plant height

Groundnut plant height data are presented in
Table 2. Organic fertilizer and inorganic fertilizer doses
showed significant interaction, also their individual
effects were significant. Manure @ 10 t ha™* and 100 kg
ha' N fertilizer had the highest plant height compared
to all other treatments. The plant height at 100 kg ha '
N fertilizer and 10 t ha' organic fertilizer increased by
209.5 % compared to without organic fertilizer. Nitrogen
(N) is one of the most important nutrient that affects
the growth, development, yield and quality of crops. An
increasing supply of nitrogen fertilizer stimulates plant
growth and productivity as well as the photosynthetic
capacity of the leaves through anincrease in the number
of stromal and thylakoid protein leaves (Purbajanti et
al., 2019).

Leaf Area Index

Interaction between organic fertilizer and inorganic
fertilizer did not affect leaf area index. Both organic
and inorganic sources showed a significant effect on
leaf area index. Organic fertilizer,however, did not show
consistent effect. Highest leaf area index was achieved
under manure treatment 100 t ha™.

Leaf area index parameter is an accurate indicator
of processes such as the balance of the global
carbon exchange and energy cycle in photosynthesis,
evapotranspiration mechanisms, precipitation
interception, and the water/nutrient cycling. Besides,
LAl is a good biophysical indicator of the above-ground
biomass. Various direct and indirect techniques have
been proposed for data collection and the calculation of
LAI. Direct invasive methods involve manual clipping of
the leaves and measuring their size (LeilaTaheriazada
et al., 2019). Sustainable crop production depends on
the sustainable renewal of soil fertility through a balance
between the demand and supply of the planting system.
Nitrogen is the most important of all fertilizers for plant
growth, productivity and grain quality (Liu et al., 2019).
A definite increase in plant dry matter can result from
increased absorption of nitrogen, phosphorus, and
potassium (Liu et al., 2017).



Chlorophyll

The amount of chlorophyll is primarily related to the
rate of photosynthesis. Chlorophyll is a photosynthetic
apparatus that helps plants absorb energy from
sunlight. (Purbajanti et al., 2017). The chlorophyll
content is related to plant N nutrition and can be used
as an indicator to detect precisely and promptly on
time, the crop N nutrient conditions. N stress damages
intracellular chloroplast structure and decreases
chlorophyll content, making plants vulnerable to light
injury. (Ya-wei et al., 2019).

Both organic and inorganic sources showed
significant effect on chlorophyll content. Organic

fertilizer @ 10 t ha and 100 kg.ha' N fertilizer had
the highest total chlorophyll compared to all other
treatments.

Nitrate reductase

Interaction between organic fertilizer and inorganic
fertilizer did not affect nitrate reductase. Both organic
and inorganic sources showed a significant effect on
nitrate reductase (Table 4). Organic fertilizer, however,
did not show consistent effect. Highest nitrate reductase
was achieved under treatment 75 kg ha™' N fertilizer.

The potential of NRA as a reliable indicator of
diferences in BNI was verified by strong correlations

Table 3. Effect of manure and nitrogen on plant height, leaf area index, chlorophyll, and nitrate reductase, 100-seed
weight, harvest index and seed protein of Arachis hypogaea cv Gajah.

Organic manure

Nitrogen (kg ha)

level (t ha™) 0 25 50 75 100
Plant height (cm)

0 5.5m 6.3 m 7.21 8.4k 10.5]
5 12.5i 14.5h 1759 20.3f 21.00 f
10 25.00 e 26.8d 285¢ 31.0b 325a
Leaf area index

0 0.69 0.79 0.76 0.76 0.79

5 0.67 0.77 0.70 0.87 0.83
10 0.78 0.76 0.81 0.85 0.96
Chlorophyll (mg g')

0 041b 0.34b 0.32b 0.34b 0.35b
5 041b 0.22d 0.25¢ 0.29 bc 0.27 bc
10 0.30 bc 0.31b 0.34b 0.35b 0.54 a
Nitrate reductase (umol NO, g™ per hour)

0 2.72 2.96 1.85 2.79 2.25

5 4.58 4.41 4.38 4.38 3.93
10 2.91 3.75 3.59 4.54 3.08
100 seed kernels weight(g)

0 17.00 h 22.25h 30.00g 34.00 efg 41.00 bed
5 33.25fg 37.25 def 40.50 bcd 41.00 bcd 45.50 ab
10 43.50 abc 39.00 cde 39.75 cd 41.25 bcd 46.75 a
Pod yield (ton)

0 0.741f 1.100 bc 1.253 b 1.265b 1.293 b
5 1.078 ef 1.159 cde 1.269 b 1.330 ab 1.320 ab
10 1.144 de 1.240 bcd 1.268 b 1.315ab 1.391 aa
Harvest index

0 0.17 0.16 0.22 0.19 0.19
5 0.18 0.18 0.23 0.20 0.21
10 0.19 0.19 0.21 0.21 0.22
Protein (%)

0 31.10 31.29 31.84 32.72 32.73
5 31.71 31.65 32.27 31.36 31.68
10 32.78 32.55 32.12 31.88 31.95

abe Means within rows without common letter are different (P<0.05)
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with NO,™ in soil solution, either through enhanced soil
nitrification activity or direct NO,™ supply via fertilization.
However, no significant correlation was detected for
leaf NRA and soil NO,” measured at the same date,
indicating a delay between re-supplied NO,", its uptake
by roots and transfer into xylem for transportation to the
cytoplasm, where it was finally reduced via NR (Karwat
etal., 2019)

Weight of 100 seed-kernels

Interaction between dosage organic fertilizer and
inorganic fertilizer showed a significant difference
(Table 3). Dosage organic fertilizer showed a significant
difference. Dosage inorganic fertilizer also showed a
significant difference. Highest weight of 100 achieved
treatment 10 t ha™ - 100 kg ha™' N fertilizer. Same effect
with organic 5t ha'— 75 kg ha' N fertilizer , and organic
5tha?'-100 kg ha™ N fertilizer so organic 10 t ha' - 75
kg ha™' N fertilizer.

Pod Yield

Interaction between dosage organic fertilizer and
inorganic fertilizer showed a significant difference.
Dosage organic fertilizer showed a significant difference.
Dosage inorganic fertilizer also showed a significant
difference. Organic fertilizer 10 t ha' and 100 kg ha™' N
fertilizer has the highest yield. Same effect with organic
5t ha' — 75 kg ha' N fertilizer , and organic 5 t ha™
-100 kg ha™ N fertilizer so organic 10 t ha' - 75 kg ha™
N fertilizer.

Climate factors (e.g., temperature, precipitation,
sunshine) had a significant effect on growth, distribution,
productivity, seed yield and oil content of plants (Wen

et al., 2012). Fertilization, in general particularly with
nitrogen, is considered as one of the major factors that
greatly affect seed yield and oil. However, reported that
80 kg N ha' was sufficient for sunflower fertilization (EI-
Satar et al., 2017)

The application of 40 kg N ha™' (N40) recorded a
maximum number of leaves of 29.2 plants™ which was
significantly superior to remaining nitrogen level (Parry
et al., 2018). Fruit yields and NPK uptake increase with
increasing initial soil fertility and with increased levels
of N, P,O, and K,O, and FYM fertilizers (Dhinesh and
Santhi, 2016). Nitrogen increases quality, yields and
increases photosynthetic activity, leaf area, leaf area
duration and net assimilation rate (Kaur and Sharma,
2018). The application of 100% N to French peas with
100% N is statistically equivalent to under 50% N and
significantly higher than 0 or 25% (Dua et al., 2017).

Harvest Index

Interaction between dosage organic fertilizer and
inorganic fertilizer showed did not a significant difference
to harvest index. Dosage organic fertilizer showed a
significant difference in harvest index. Dosage inorganic
fertilizer did not show a significant difference in harvest
index. Fertilizer N 50 kg ha' have same effect with 75
kg ha' N, and 100 kg ha™ N.

Al-haidary (2018) considered nitrogen is a key of
functions for each amino acids, cellulose, chlorophyll,
proteins, quinines, toxins, and organizing of enzymes
actions which in turn are transformed as products of
photosynthesis activity as starch contents in leave’s cell
walland then are converted to the seed. Inotherlegumes,
there is a need to make morphological and agronomic

Table 4. Main effect of plant height, leaf area index, chlorophyll, NR, 100-seed kernels weight, pod yield, harvest index
and seed protein of groundnut (Arachis hypogaea cv gajah)

Treatments Plant Leaf  Chlorophyll Nitrate 100-seed Pod Yield Harvest Protein
height Area (mg g) reductase kernels (ton) index (%)
(cm) Index (umol NO, g weight
per hour) (9)

Dose of organic manure (t ha™')

0 59c¢ 0.74 a 0.37 a 284 c 19.63 c 1.130c 0.16¢ 31.25
5 13.5b 0.72b 0.32b 450 a 35.25b 1.231b 0.18ab 31.68
10 259a 0.77 a 0.31c 3.33b 41.25a 1.272 A 0.19a 32.67
Dose of nitrogen (kg ha')

0 143 e 0.71¢ 0.37 ab 340c 31.25e 0.988 e 0.18b 31.90
25 159d 0.77 bc 0.29c 3.71b 32.83d 1.166 d 0.18b 31.83
50 17.7c 0.76 b 0.30c 3.27d 37.00c 1.263 ¢ 0.22a 32.08
75 199b 0.83ab 0.32 bc 3.90a 38.75b 1.303 b 0.20 ab 31.98
100 213 a 0.86 a 0.39a 3.09e 4442 a 1.453 a 0.21 ab 32.12
Description:

ave Means within rows without common superscript are different (P<0.05)
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comparisons between wild and cultivar populations.
This comparison must cover the total biomass of all
leaves produced during the complete plant life cycle so
that HI is not overestimated. Increased photo sharing is
assimilated into the reproductive structure concerning
the vegetative structure, reflected in a higher crop
index (HI) and has been associated with an increase
in crop yield potential. The differences in the genetic
makeup of different genotypes may also be responsible
for the differences in yield components, yield and HI.
Grain yield in cereals is related to biomass yield and
HI. An increase in DM accumulation and partitioning
is important because it is significantly associated with
grain yield and HI (Amanullah and Inamullah, 2016).
Berrocal-lbarra et al. (2002) states that HI has played
an important role in increasing bean yield, but total
biomass production, flowering days, and seed growth
rates also contribute in relevant ways. Macronutrient like
N is needed to improve the stimulate the green growth
production of the plant, P as an important phosphate
source for nucleic acid and K provides a vital role in
photosynthesis activity (Azman et al., 2018).

Seed protein

Interaction between dosage organic fertilizer and
inorganic fertilizer showed did not a significant difference
to seed protein. Dosage organic fertilizer did not show a
significant difference in seed protein. Dosage inorganic
fertilizer did not show a significant difference in seed
protein.

From the results of this study, it can be concluded
that the combination treatment of 10 t ha' manure
with nitrogen 100 kg N ha™ has the highest (P<0.05)
plant height, chlorophyll content, pod yield, and 100-
seed kernel weight among all treatment combinations
applied. Interaction between manure and nitrogen, not
significant difference LAI, NR, seed protein and harvest
index. The leaf area between no manure is equal to 10 t
ha' of manure while the highest leaf area is 100 kg ha!
nitrogen treatment. The highest NR in the treatment of
5 tons of manure, while for nitrogen is 75 kg N ha™'. The
highest harvest index was at 50 kg N ha™.
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