Peanut enhances productivity by improving crop chlorophyll, nitrate
reductase and optimizing soil nutrients

Abstract

Due to their high nutritious content, peanuts (Arachis hyphogaea L.) are
a popular kind among consumers. For growth and preductivity, peanut
plants need vital nutrients including N, P, and K. P is‘especially
necessary for the development of blooms, pods, and seeds. A 2 x 4
factorial design was employed in the study, and it\was repeated three
times. Factor Il consists of P fertilizers, specifically 0, 50, 100, and 150
kg P2Os/ha. Factor | sources of N are NO3™(potassium nitrate) and NH4+
(ammonium sulfate). The criteria that were observed were the amount
of chlorophyll in the fifth leaf from the tip-of the plant, NR activity, yield
of the peanut pod, height of the peanut plant, and biomass of the
peanut. The nitrogen source treatment has a major impact on ANR
levels, yield, plant height, and chlorophyll. There is a greater interaction
when using nitrate.as a N fertilizer. Higher P,Os NR yields, P up to 150
kg, Chlorophyll, height of peanut plants, peanut biomass, and yield of
peanut pods are observed. Similarly, increased application of N
fertilizer (ammonium, P up to 150 kg P,0s) results in higher NR yields.
Height of the peanut plants, biomass, yield of the peanut pods, and
chlorophyll.
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Introduction

Plants require phosphate minerals, which are macronutrients, in significant amounts for growth.
Due to its direct involvement in nearly every biological function, phosphate is frequently referred
to as the "key to life." Every living cell contains it, however seeds and growth points typically
contain more of it (Khan et al, 2023). The availability of nutrients, such as the element phosphate
(P), influences peanut development and yield in addition to the physical state.of the soil. Plants
benefit greatly from the element phosphate, particularly in the areas of energy transfer, protein
synthesis, coenzymes, metabolic acids, nucleic acids, and compounds:( Bindrapan et al., 2020).
The issue that frequently arises is the phosphate content of the soil. The availability of phosphate
in Indonesian agricultural soil is poor, despite the soil's nearly whole high phosphate content.
Due to their high nutritious content, peanuts (Arachis hyphogaea L.).are a popular kind among
consumers. According to Nurmi et al. (2023), peanuts have the following nutritional value per
100 grams: 25 grams of protein, 21 grams of carbs, 48 grams of fat, 336 mg of phosphorus, 332
mg of potassium, 184 mg of magnesium, 62 mg of calcium, and trace amounts of iron, sodium,
zinc, and vitamins B, E, and K. Peanuts with seed type 3 are those of the Katana 2 variety. The
benefits of this variety include resistance to bacterial wilt disease, early maturity of 87 DAP,
potential yield of 4.7 tons, and good paddy.field adaptation (BSIP Agriculture, 2022). Plants that
produce peanuts For growth and production, soil-needs vital minerals like N, P, and K, especially
P for the development of flowers, pods, and seeds (Zhu et al., 2023). Peanut plants with a P
nutritional deficit have stunted growth, pale green leaves, and low pod yields (Faza et al., 2019).
Both internal and exterior influences might -have an impact on a plant's growth and development.
Water, light, soil, and humidity are examples of external variables. Genes, anatomical structure,
hormones, plant shape, and quantities of chlorophyll and other pigments are examples of internal
influences. An essential-metric for assessing plant growth, photosynthetic capacity, and general
health is chlorophyll. Purbajanti et al..(2019) state that because leaf chlorophyll levels are
correlated with plant conditions, it is possible to utilize them to estimate the amount of additional
fertilizer that plants require.. One technique to gauge plant growth and fertility, which may then
be connected to forecasts of plant yield, is to measure the amount of chlorophyll.Phosphoric
nutrients«can be applied to peanut seeds to promote their growth and development (Arista et al,
2015).'Peanuts grow to lower heights, with little, pale green leaves and tiny pods, and produce
very low yields due to phosphorus deficiency (Rahman et al, 2019). Phosphate increases the
amount of fat.in seeds and is essential for the process of cell formation. The weight of one
hundred seeds demonstrates how the variety and capacity of plants for photosynthesis affect the
quality of seeds ( Suntoro et al, 2017).In agronomy, the idea of essential N concentration is
frequently utilized to diagnose N plant health and distinguish between circumstances involving
suboptimal and supraoptimal N supply. Several physiological processes in plants are regulated,
which affects the link between N and biomass accumulation in plants. N intake, plant C
assimilation and consequent growth rates, and the distribution of C and N among organs and
plants are some of these activities. Plant uptake of N under Suboptimal Supply N is dependent on
the distribution and availability of N-mineral soil as well as the distribution of roots. When there
is an adequate supply of nitrogen, a plant's ability to absorb nitrogen is mostly determined by its



internal regulation of growth (Xia et al., 2023). In plants with low root elongation rates, mature
leaves receive about 70% of the N absorbed; in plants with high root elongation rates, this
percentage is just 35%. It was evident that N absorption and allocation affected the activity of
root growth. Plants with low levels of root elongation allotted a modest quantity of N to their
adult leaves, but plants with high levels of root elongation allocated much more N to their adult
leaves. Given that low-level elongation roots may be adult leaves and are supplied by
mobilization from other parts, it is now probable that N is required to promote adult leaf growth (
Han et al., 2023). According to Shi-cheng et al. (2021), most plants grow similarly in both N
sources at the low end of the N scale, or provisions. Nevertheless, among plants that have
evolved in NH4-rich environments, there are a few noteworthy outliers to this general pattern.
The purpose of this study was to determine how fertilizer combinations including N and P
affected the growth and yield of peanuts.

Materials and Methods

The study was conducted in the laboratory of Ecology and. Plant Production, Faculty of
Agriculture and Animal Husbandry, Diponegoro University, during the dry season (August to
December) in 2022. The research station is located at 6° 58' 0" SL 110° 25' 0" EL, and has
Oxisol soil with a clay texture, a soil pH of 6.5, 0.18% total N content, 0.15% total P, 0.24%
total K, and 1.09% C. Katana2 peanut varieties were used, and the study was carried out using 24
experimental plots measuring 1.5 x:1 m? with a spacing of 30 x 20 cm so that each plot

contained 16 plants. The research used a 2 x 4 factorial design that was repeated three times.

Factor | : sources of N (NQ;z- (potassium nitrate) and NH,* (ammonium sulfate)
Factor 11 : Pfertilizers, namely 0, 50, 100, and 150 kg P205/ha.

Each plant was fertilized with manure at 2 tons per hectare and K at 25 kg KCI per
hectare. Micronutrients were administered in the form of approximately 5 ml of liquid fertilizer
dissolved in 1 L of water and sprayed onto the plants 1 wk after planting.Fertilize P (SP 36)
according to the dose, while N fertilizer required is 50 kg N per hectare.The chlorophyll content
of the fifth leaf from the tip of the plant, NR activity, peanut pod yield, and peanut plant height
and peanut biomass were 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 (Rajalakshmi and Banu,
2015). Analysis of NR activity was performed according to the methods used by Krywult and
Bielec, 2013. 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 NaHPQO, 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 NaNO3 was.added to every
dark tube. The time of addition of NaNO3; was designated the O-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% napthylethylendiamide. Then 0.1 mL
of the filtrate incubated for 2 h was placed in a test tube containing the sulfanilamide reagent,
HCI, and a napthylethylendiamide solution. The test tubes were agitated to mix the filtrate and
accelerate the reaction, and allowed to stand for 15 min; this resulted in the reduction of NO;
with dye reagents to bring up the pink color. Next, 2.5 ml 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.

Data Analysis

The data were analyzed using ANOVA. If the ANOVA revealed a difference, the
analysis was followed by.Duncan's’ multiple range test 5 % as described by Gomez and
Gomez,1984.

Result and Discussion

Result
The Effect of N form (NOs” and NH,")

NR decreased by 16.20% for the use of NH4 compared to NO3. The chlorophyll content of
peanut leaves with N form NH4 decreased 19.26% compared to the NO3 form. Likewise, plant
height decreased by 9.07% when using NH4 compared to NO3. The use of ammonium form of
nitrogen resulted in biomass decreasing by 110.77% and pod weight decreasing by 23.67%.
The effect phosphor dosages



The NR of peanuts with a P dose of 100 kg P205 increased by 23.00% and P with a P dose of
150 kg P205 increased by 26.82% compared to a P dose of 50 kg P205. The results of the
chlorophyll content increased by 6% when using a P dose of 100 kg P205, also increased by
43.87% when using P fertilizer of 150 kg P205 compared to a P dose of 50 kg P205. This
pattern also occurred in plant height, biomass yield and pod weight. Plant height increased by
8.18% because P fertilizer increased from 50 kg P205 to 100 kg P205, while it increased by
25.83% because P fertilizer increased from 50 kg P205 to 100 kg P205. Peanut biomass yield
also increased by 32.03% due to the use of a P dose of 100 kg P205, and increased by 79.65%
due to the use of a P dose of 150 kg P205 compared to a P dose of 50 kg P205.

The Effect of Interaction

If you use N fertilizer in the form of nitrate, the higher the P fertilizer, up to 150 kg P205, the
NR vyield will be higher, likewise, if you use N fertilizer in the form of ammonium, the higher the
P fertilizer, up to 150 kg P205, the higher the NR yield (Figure 1).

Use of P fertilizer up to 150 kg P205 and nitrate fertilizer together resulted in an increase in
chlorophyll content. Meanwhile, the application of a mixture of P and ammonium fertilizers up
to 150 kg P205 resulted in an increase in the chlorophyll content (Figure 2). In terms of plant
height metrics, the use of P 100 kg P205 in conjunction with nitrate fertilizer and P fertilizer
caused peanut plant height to grow; this combination did not differ significantly from that of P
150 kg P205 and nitrate fertilizer. In comparison to the combinations of ammonium fertilizer
and P 50 kg P205 and P 100 kg P205; the combination of ammonium fertilizer and P 150 kg
P205 produced the plants with the highest height (Figure 3).

The usage of nitrate and P fertilizer up to 100 kg P205, which is not substantially different from
the combination of nitrate and P.up t0-150 kg P205, has led to an increase in biomass
characteristics. ln'contrast to the combinations of ammonium and P fertilizer up to 100 kg P205
and manure and P, fertilizer up.to 50 kg P205, the combination of ammonium and P fertilizer up
to 150 kg P205 has the highest biomass output (Figure 4).

In comparison tothe combinations of nitrate fertilizer and P fertilizer up to 50 kg P205 and
nitrate fertilizer and P fertilizer up to 100 kg P205, the combination of nitrate fertilizer and P
fertilizer up.to 150 kg P205 produced the highest pod weight result. When ammonium and P
fertilizer are combined, the pod weight yield is often lower than when nitrate and P fertilizer are
combined (Figure 5).

Discussion



Sampara et al. (2023) reported that the availability of nutrients encourages the division of
meristem cells in plants, which in turn leads to an increase in height. This suggests that the
tendency for plant height to increase is influenced by these nutrients. Nitrogen, a macronutrient
necessary for the synthesis of the amino acids that make up proteins, is necessary for plant
growth. Furthermore, a number of genes' expression is regulated by the presence of nitrogen
(Wang et al., 2020). The primary enzyme in tissues that actively performs photosynthesis is
called nitrate reductase (NR) (Purbajanti et al, 2019). This enzyme plays a crucial part in the
initial steps of amino acid synthesis.

Yanagisawa (2014) states that nitrates in the leaves stimulate the activity of NR biosynthesis,
which is dependent on the availability of nitrogen nutrients in the medium. Chlorophyll levels
are another factor linked to nitrogen metabolism. NR will convert nitrate, @ source of nitrogen, to
ammonium (NH4). The synthesis of glutamine from glutamate requires NH4; the presence of 2-
oxoglutarat increases glutamate, which is essential for the synthesis:of several significant amino
acids that are components of proteins, including chlorophyll (Purbajanti et al., 2019).

Plant photosynthetic rate will increase with full solar intensity and large fertilizer dosages
(Purbajanti et al., 2009). Nitrate reductase, which is utilized in.the respiration process, is
dependent on the availability of carbohydrates from photosynthesis. Such an ANR pattern on leaf
strands is produced by the combination of treatments applied for 45 days in this study.This is due
to regulation of activation of NR in the cytosol, among others, determined by numerous
parameters, including light, CO2 levels and availability of NADH / NAD (Broadley et al., 2012).
The availability of carbon frames and the rates of photosynthesis are highly correlated with NR
activity. Light can boost NR activity, and NO3-inducing NR gene transcription occurs (Berger et
al, 2020).

Chlorophyll reveals that peanut plants have higher nitrogen content, which is also used to
make chlorophyll. Through the mechanisms of transcription and translation, nutrient N has a
variety of roles in the metabolic process, controlling the expression of multiple genes that
produce proteins in high-level plants and algae while also preserving the stability of mMRNA
(Martins et al., 2023). PEP-Case, nitrate reductase (NR), nitrite reductase (NiR), light harvesting
complex protein (LHCP), proteins regulating vegetative growth, and chlorophyll a/b are among
the proteins in discussion.

With the formulas y = 0.9135x - 7.7415 (R? = 0.975) for the nitrate form of N source and y =
1.8323x - 91:568 (R? =.0.4742) for the ammonium form of N source, the activity of nitrate
reductase and peanut pod yield have a positive association. The study's findings demonstrated
that phosphate fertilizer application significantly impacted the biomass of peanut plants. the pod
weight for each plant in each plot. When coupled with ammonium and nitrate, 150 kg of P205
phosphate fertilizer had the best outcomes when compared to other lesser doses. Every stage of a
plant's life is significantly impacted by the application of phosphate fertilizer.

This is in line with the findings of Pasaribu et al. (2014), which claim that phosphate is essential
for multiple processes in the plant body, including: (1) cell division, the synthesis of fat and
albumin; (2) the development of flowers, fruit, and seeds; (3) plant maturity, which mitigates the
effects of nitrogen; (4) stimulation of root development; (5) improvement of crop yield quality;
and (6) resistance to pests and diseases. This demonstrates that by enhancing the chemical
characteristics of the soil, P fertilizer can affect the generative phase of peanut plants.



Conclusion

The nitrogen source treatment has a major impact on ANR levels, yield, plant height, and
chlorophyll. The interaction between the use of pupuk N bentuk nitrate as low as 150 kg P205,
the results of NR becoming low, chlorophyll, the height of the peanut plant, peanut.-biomass, and
the yield of the peanut pod. Additionally, the use of pupuk N bentuk ammonium was found to be
as high as 150 kg P205, as well as high levels of chlorophyll, peanut plant height, peanut
biomass, and peanut pod yield.
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