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Abstract

Bambara groundnut has the potential to be an
alternative food source of protein and carbohydrates.
However, the quality of the seeds is not guaranteed,
which can affect plant growth. The experiment
aimed to determine the growth response of
Bambara groundnut to the application of nitrogen
fixation bacteria (Rhizobium sp.) and phosphate
solubilizing bacteria (Pseudomonas sp.) integrated
into matriconditioning and nitrogen-phosphate
(NP) fertilizer. The experiment was conducted in
Situraja-District, Sumedang Regency, West Java,
Indonesia from November 2020 to April 2021. The
experiment was arranged in a split-plot randomized
complete block design replicated three times. The
main plot was NP fertilizer level (0, 50, and 100%
of recommended dose), and the sub-plot was
seed invigoration (untreated, matriconditioning
+ Rhizobium KPB2 + Pseudomonas BPF9, and
matriconditioning + Rhizobium KPB5 + Pseudomonas
BPF9). Corncob biochar was used as the carrier in
matriconditioning. The seed invigoration treatments
using matriconditioning + Pseudomonas BPF9 +
Rhizobium either KPB2 or KPB5 isolate significantly
improved the plant growth (field emergence, plant
height, leaf number, canopy diameter, and leaf
chlorophyll content). Furthermore, when these
invigoration treatments were accompanied by
chicken manure 2 t.ha' significantly increased the
leaf number without adding NP fertilizer.

Keywords: biochar, chicken manure, fertilizer,
invigoration, nitrogen fixation bacteria,
phosphate solubilizing bacteria

Introduction

Bambara groundnut (Vigna subterranea (L.)
Verdcourt) is an African plant with high carbohydrate,
protein, methionine, and low-fat content. In addition,
the content of methionine, lysine, and iron in
Bambara groundnut is higher than in other legumes
(Halimi et al., 2019). As an underutilized legume,
Bambara groundnut exhibits superior tolerance
to drought, pests, and diseases (Mayes et al.,
2019; Mijaika et al.,, 2024). Therefore, Bambara
groundnuts have the potential to play a crucial role
in food security by providing essential nutrients and
reducing our dependence on staple crops, helping
to combat hunger and malnutrition (Feldman et al.,
2019; Olatunde et al., 2021; Veldsman et al., 2023).
In the health sector, Bambara groundnut contains
antioxidants like tannins, flavonoids, and phytic
acids, which can help protect against various health
issues, including diabetes, stroke, heart disease,
cancer, Alzheimer’s, and cardiovascular diseases
(Ramatsetse et al., 2023). Given its potential, this
crop has been identified as a “new millennium crop”
(Khan et al., 2021).

In Indonesia, Bambara groundnut is often cultivated
as a secondary crop. However, the availability of
high-quality seeds remains limited, as farmers
frequently rely on seeds from previous seasons.
This practice results in suboptimal plant growth and
yield. Farmers often produce low-quality seeds due
to poor growing conditions, as well as improper seed
extraction, processing, and storage. This practice may
perpetuate a cycle of inferior seed quality, particularly
under water-stressed conditions.

There are several ways to improve seed quality,
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and one of them is invigoration. Invigoration aims
to increase the viability and vigor of seeds by seed
treatment before planting. One of some invigoration
treatments is matriconditioning, the incubation of
seeds in moist solid media with high matrix potential
and negligible osmotic potential to control the
water absorption of seeds (Khan, 1992). It can be
integrated with biological agents for advanced benefit
(llyas, 2012). Matriconditioning is an inexpensive,
feasible technique, environmentally friendly, and able
to trigger plants’ natural defenses, making them more
resilient to stress and ultimately boosting crop yield
and quality without any negative effect on crop plants
(Marthandan et al., 2020).

The growth, yield, and nutritional composition of
Bambara groundnut were primarily influenced by the
availability of nitrogen (N) and phosphate (P) (Hasan
et al.,, 2019; Hasan et al., 2021). Biological agents
that provide NP elements are nitrogen-fixing and
phosphate-solubilizing bacteria. Using both biological
agents can reduce the use of inorganic fertilizers to
maintain soil health (Eickhout et al., 2006), mitigating
environmental issues such as biodiversity loss,
heavy metal accumulation, eutrophication, and
toxicity to beneficial microorganisms. Additionally, it
helps reduce greenhouse gas emissions by limiting
nitrogen and sulfur gas release (Jote, 2023).

Black seed coat pigmentation in Bambara groundnut
treated with Bradyrhizobium strain CB756 increased
nodulation, N2 fixation, and plant growth (Puozaa et
al., 2021). llyas et al. (2003) showed that soybean
seeds treated with matriconditioning combined with
Bradyrhizobium japonicum, Azospirillum lipoferum,
and benomyl fungicide increased plant growth and
yield, and reduced N fertilizer usage. Another study
also proved that matriconditioning combined with
Rhizobium sp. and fungicide reduced the use of N
fertilizer by 50% from the recommended fertilization
dose (Fitriesa et al.,, 2016). While the combined
application of matriconditioning and biological
agents has been shown to enhance seed quality
and reduce chemical fertilizer use, their specific
impact on Bambara groundnut growth and N-P
fertilizer reduction remains unexplored. This study
aimed to determine the growth response of Bambara
groundnut to nitrogen-fixing bacteria (Rhizobium sp.)
and phosphate-solubilizing bacteria (Pseudomonas
sp.) in matriconditioning with various levels of N-P
fertilizer.

Material and Methods

This research was conducted from November
2020 to April 2021 in Samoja Village, Situraja-
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District, Sumedang Regency, West Java, Indonesia
(6°50°53”S and 108°0°28” E). Soil analysis was tested
in Soil Fertility Laboratory, Faculty of Agriculture, IPB
University.

Materials

Bambara groundnut seeds with black testa of the
Sumedang landrace were produced by farmers in
the Situraja District in July 2020. The seeds were
stored in containers at room temperature (£27°C)
until October 2020 before they were moved to seed
storage (x17°C) until November 2020. The seeds had
10 £ 0.5% moisture content and 72% germination.

The microbiological materials used were nitrogen-
fixing bacteria (Rhizobium sp.) and phosphate
solubilizing bacteria (Pseudomonas sp.). Rhizobium
sp. consisted of two isolates (KBP2 and KBP5)
taken from plant root nodules of brown testa seed
of Bambara groundnut of Sumedang landrace 66
days after planting (DAP) (Lupitasari et al., 2020).
Pseudomonas sp. isolate (code BPF9) was obtained
from Sukmadewi et al. (2017). BPF9 isolate has the
highest ability to dissolve phosphate compared to
other isolates from the Soil Biotechnology Laboratory
collection, Faculty of Agriculture, IPB University.

Experimental Design

The experiment was arranged in a split-plot
randomized complete block design. The main plot was
the N and P fertilizer dose, which consisted of three
levels i.e 0% (KCI 60 kg.ha), 50% (Urea 10 kg.ha™,
SP-36 30 kg.ha™ KCI 60 kg.ha'), and 100% (Urea
20 kg.ha', SP-36 60 kg.ha™ KCI 60 kg.ha™). Sub-
plots were seed invigoration treatments consisting
of three levels: untreated (without invigoration),
matriconditioning + Rhizobium KBP2 + Pseudomonas
BPF9, and matriconditioning + Rhizobium KBP5 +
Pseudomonas BPF9. Each treatment was repeated
three times.

Matriconditioning

Matriconditioning treatment used corncob biochar as
a carrier with a ratio of 5:3:4.5 (seed: corncob biochar:
bacterial inoculants). The corncob biochar had a pH of
8.59 and a water content of 4.23%. Corncob biochar
was filtered through a 0.5 mm (35 mesh) sieve and
sterilized twice within 24 hours using an autoclave
at 121°C and 1 atm pressure for 1 hour (Tittabutr
et al.,, 2012). The matriconditioning treatment was
performed by mixing seeds with bacterial inoculants
in a plastic container (17 cm x 5 cm x 5.5 cm) before
adding corncob biochar. The mixture was stored for
3 days at 25°C and 62% relative humidity (llyas
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and Sopian, 2013) and was stirred every day.
Bambara groundnut seeds gained an average of
52.6% weight after matriconditioning treatments. The
matriconditioned seeds were air-dried for 3 hours at
room temperature (+ 27°C) before planting.

Planting

The planting method was based on the farmers’
method of local Sumedang (Alhamdi et al., 2020).
Soil preparation and application of chicken manure
and rice husks was at a ratio of 2:1 with 2 t.ha”
dosage 2 weeks before planting. The application of
fertilizers was done 5 weeks after planting (WAP).
Each experimental plot was 4 m x 2 m with a distance
between plots of 0.5 m. Plant spacing was 60 cm x
25 cm (Suryati et al., 2019) so each experimental plot
contained 42 plant holes. One seed was planted in
every planting hole with Furadan 3G (20 kg.ha). The
plant was nurtured by controlling pests, diseases, and
weeds, and regulating water from planting to harvest.
Earthing up was done twice, during the flowering (35-
38 DAP) and the formation of pods (14 days after the
appearance of flowers).

Data Collection and Data Analysis

Plants were sampled from4 m x 2 m subplots to assess
morphological growth parameters: field emergence
(%), plant height (cm), leaf number, canopy diameter
(cm), and chlorophyll content. Field emergence was
calculated based on the germination percentage of
seeds in each plot at 7, 10, 14, and 21 days after
planting (DAP). Plant height, leaf number, canopy
diameter, and chlorophyll content were measured
on five tagged plants in the middle rows of each plot
once a week from 6 to 10 weeks after planting (WAP),
except for canopy diameter, which was measured
from 11 to 16 WAP. Plant height was measured from
the base of the stem to the tip of the uppermost fully
expanded leaf. Leaf number was counted based
on the number of fully expanded trifoliate leaves.
Canopy diameter was measured as the maximum
distance between the tips of the outermost leaves.
Chlorophyll content was determined using a SPAD-
502 chlorophyll meter (Minolta) by measuring the
three youngest fully expanded leaves on each plant
(Blnger et al., 2021).

The data obtained were analyzed using the SAS
9.0 program with analysis of variance (F test) at a
95% confidence interval. Further tests used DMRT
(Duncan Multiple Range Test) at the 5% level to see
the differences between treatments. Correlations
between measured traits were estimated by
computing the Pearson correlation coefficient (r).
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Result and Discussion
Field Emergence

Field emergence was influenced solely by invigoration
treatment because the NP fertilizer treatment was
given at 5 WAP. The invigoration treatments increased
field emergence compared to the untreated at 7 and
10 DAP. The untreated control took up to 14 DAP to
give the same effect as the invigoration treatment
(Table 1). These results support the previous studies
by Suryati et al. (2019) and Fitriesa et al. (2016)
when Bambara groundnut seeds were treated with
matriconditioning combined with Rhizobium sp. had
higher growth rates than untreated seeds. Khan et al.
(1992) stated that matriconditioning could accelerate
germination. Matriconditioning softens the hard seed
coat of Bambara groundnut, allowing for controlled
water absorption and preparing seeds for immediate
germination upon planting. Marthandan et al. (2020)
stated this process triggers significant cellular
changes, including DNA repair, protein synthesis,
and energy production, which are essential for
successful germination. Additionally, it enhances
antioxidant activity, reduces oxidative stress, and
increases the abundance of mitochondria and cell
division-related proteins like a- and B-tubulin. Primed
seeds initiate early cell division, leading to B-tubulin
accumulation and DNA replication, facilitating early
radical protrusion. According to Hasan et al. (2017),
the addition of nitrogen-fixing and phosphate-
solubilizing bacteria inoculants has a role in helping
the absorption of NP in the soil as a macro-essential
element for plant growth. The addition of nitrogen-
fixing bacteria helps improve plant root development
while phosphate-solubilizing bacteria helps in root
formation. Goswami et al. (2013) reported that multi-
trait plant growth-promoting bacteria are beneficial
organisms that can enhance plant growth by
promoting seedling emergence, vigor, and yield.

Plant Height, Leaf number, and Canopy Diameter

Invigoration effectively increased plant height at 6-8
WAP and the fertilizer level had no significant effect.
The treatment of matriconditioning + Rhizobium KBP2
+ Pseudomonas BPF9 at 6 WAP showed the highest
(37.3 cm), with the highest percentage increase (10%)
compared to the control in 6 WAP (Table 2). This is in
line with the test results of the ability of bacteria to fix
nitrogen. Umadi et al. (2023) showed that KBP2 has a
higher NH3 concentration (94.46 mg.L") than KBP5,
which has a concentration of NH3 (92.63 mg.L"). In
addition, Rhizobium KBP2 + Pseudomonas BPF9
and Rhizobium KBP5 + Pseudomonas BPF9 on
corncob biochar media could maintain the bacterial
population at log 8.2 cfu.g™'. The analysis of variance
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showed that both invigoration treatments increased
the leaf number compared to the control in each week
of observation (6-10 WAP). At the same time, the NP
fertilizer dose had no effect (Table 3).

Table 4 shows the interaction of invigoration
treatment and NP fertilizer dose on the leaf number
at 7 WAP. Matriconditioning + Rhizobium KBP2 +
Pseudomonas BPF9 without fertilization increased
the leaf number equivalent to 100% fertilizer level (N
20 kg.ha' and P 60 kg.ha"). The highest leaf number
resulted from matriconditioning + Rhizobium KBP5 +
Pseudomonas BPF9 with a fertilizer level of 50% but
not significantly different from the treatment without
fertilization. It is suspected that the NP requirement in
increasing plant height and the leaf number has been
fulfilled by chicken manure at a dose of 2 t.ha*', which
has high organic C, and the invigoration treatment
was combined with nitrogen-fixing and phosphate
solubilizing bacteria.

The canopy diameter at 11-13 WAP in both invigoration
treatments was significantly wider than the untreated
(Table 5). Bambara groundnut seeds treated with
invigoration increased plant height, leaf number,
and canopy diameter (Table 2-4). The addition of
Rhizobium sp. in matriconditioning plays a role in the
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availability of N through nitrogen fixation, improving
root development to increase vegetative growth.
Phosphate solubilizing bacteria (Pseudomonas sp.)
help produce adenosine triphosphate (ATP) needed
in the nitrogen fixation process. This is in line with the
previous studies by Suryati et al. (2019), Fitriesa et
al. (2016), and llyas and Sopian (2013), which stated
that matriconditioning combined with Rhizobium
sp. applied on Bambara groundnut seeds produced
higher plant height, leaf number, and canopy diameter
than the control.

Table 5 shows the canopy diameter at 11-14 WAP
exhibited a positive correlation with increasing fertilizer
doses. However, the only significant difference was
between the 100% dose and the control. According
to Juwita (2012), the canopy diameter of Bambara
groundnut has a positive correlation with the yield
so the canopy diameter variable can be used as a
determining factor for production (number of pods).
The research results by lkenganyia et al. (2017)
showed that the fertilization of P 75 kg.ha' with
the addition of Rhizobium sp. increased the yield
component of Bambara groundnut compared to
fertilizer doses of P 0, 25, and 50 kg.ha' with or
without the addition of Rhizobium.

Table 1. Effect of invigoration on field emergence per plot

Invigoration treatment

Field emergence (%)

7DAP 10DAP 14 DAP 21 DAP
Without invigoration 24.,9p 50.8° 65.3° 71.42
Matriconditioning + Rhizobium KBP2 + Pseudomonas BPF9 48.9° 71.4° 73.8° 78.0°
Matriconditioning + Rhizobium KBP5 + Pseudomonas BPF9 51.12 75.12 77.32 80.42

Notes: Values followed by the same letters in the same columns show significant differences according to the Duncan
Multiple Range Test at a=0.05. DAP = days after planting.

Table 2. Effect of invigoration and NP fertilizer dose on plant height of Bambara groundnut at 6-10 weeks after

planting
Plant height (cm)
Treatment
6 WAP 7 WAP 8 WAP 9 WAP 10 WAP

Invigoration * > * ns ns

Without invigoration 33.9c 35.6° 37.8° 40.6° 41.5°

Matriconditioning + Rhizobium KBP2 + Pseudomonas BPF9 37.32 38.92 39.82 40.52 4142

Matriconditioning + Rhizobium KBP5 + Pseudomonas BPF9 36.2° 38.12  39.82 40.62 42.32
NP fertilizer dose ns ns ns ns ns
0% 36.6= 37.5° 39.3° 40.8* 41.5°
50% 36.12  37.32  39.12  40.12  41.42
100% 35.6° 37.82 39.0° 40.9° 43.4°

Notes: Notes: Values followed by the same letters in the same columns show significant differences according to the
Duncan Multiple Range Test at a=0.05.;** significant in F test level of a<0.01; * significant in F test level of a<0.05;
ns: not significant (P>0.05); WAP = weeks after planting.
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Table 3. Effect of invigoration and NP fertilizer dose on the leaf number of Bambara groundnut at 6-10 weeks

after planting

Leaf number

Treatment
6 WAP 7 WAP 8 WAP 9 WAP 10 WAP

Invigoration o o b o o

Without invigoration 24 6° 38.5° 52.4b 63.8° 71.9°

Matriconditioning + Rhizobium KBP2 +

Pecuomonas BgPFg 35.8°  54.6°  64.8°  727° 83.9°

Matriconditioning + Rhizobium KBP5 +

Pseudomonas BgPFQ 39.3° 54.02 65.32 72.12 80.8°
NP fertilizer dose ns ns ns ns ns
0% 32.42 50.6° 60.82 67.42 81.6°
50% 33.0° 49.62 59.22 70.32 78.5°
100% 34.32 47.02 62.42 71.12 76.42

Notes: Notes: Values followed by the same letters in the same columns show significant differences according to the
Duncan Multiple Range Test at a=0.05.;** significant in F test level of a<0.01; * significant in F test level of a<0.05;
ns: not significant (P>0.05); WAP = weeks after planting.

Table 4. Interaction between invigoration and NP fertilizer dose on the leaf number of Bambara groundnut 7

weeks after planting

NP fertilizer dose

Treatment

0% 50% 100%
Without invigoration 39.9% 35.140 40.7°
Matriconditioning + Rhizobium KBP2 + Pseudomonas BPF9 57.5% 54.64 51.7%a
Matriconditioning + Rhizobium KBP5 + Pseudomonas BPF9 54 .3A8a 59.0%a 48.652

Values followed by the same letters in the same columns show a significant difference according to the Duncan Multiple

Range Test at a=0.05.

Table 5. Effect of invigoration and NP fertilizer dose on canopy diameter of Bambara groundnut at 11-15 weeks

after planting

Canopy diameter (cm)

Treatment
11 WAP 12WAP 13WAP 14 WAP 15 WAP

Invigoration > * > ns ns

Without invigoration 62.4b 65.3° 66.7° 69.0° 70.92

Matriconditioning + Rhizobium KBP2 +

Pseudomonas E(;]PFQ 66.0° 67.7° 68.9° 69.7° 71.52

Matriconditioning + Rhizobium KBP5 +

Pseudomonas BgPF9 66.22 68.42 69.42 70.32 72.0°
NP fertilizer dose * b > * ns
0% 63.7° 66.3° 67.2° 68.7° 70.12
50% 64 .32 66.7° 68.2° 69.32° 71.42
100% 66.32 68.6° 69.62 71.02 72.9°

Notes: Notes: Values followed by the same letters in the same columns show significant differences according to the
Duncan Multiple Range Test at a=0.05.;** significant in F test level of a<0.01; * significant in F test level of a<0.05;
ns: not significant (P>0.05); WAP = weeks after planting.
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Plants and microorganisms have developed a
mutually beneficial partnership. Plant microbiome
determines plant health and productivity (Ayangbenro
et al.,, 2023). Rhizobial bacteria increase plant
productivity and growth by generating a variety of
compounds (Ashrafi., et al., 2022). Matriconditioning
involves treating seeds with beneficial microbiomes
under controlled moisture conditions and priming
seeds for germination without premature sprouting.
This process stimulates various physiological
processes in plants, including increased enzyme
activity, enhanced antioxidant defense, and altered
hormone levels, ultimately improving plant growth
and stress tolerance (Mitra et al., 2021).

Research by llyas et al. (2003) showed that
combining two types of nitrogen-fixing bacteria
(Bradyrhizobium  japonicum and  Azospirillum
lipoferum) in matriconditioning increased soybean
growth and reduced N fertilizer use. According to
Hasan et al. (2017), Rhizobium sp. can help plants
fix nitrogen (N,) into ammonia (NH,) which will be
converted into nitrogen compounds that plants need.
Sufficient nitrogen supply enhances plant growth by
stimulating cell division, increasing photosynthetic
output, and promoting leaf development (Adeyeye et
al., 2019).

Astudy by Olanrewaju et al. (2022) showed phosphate
solubilizing bacteria (Bacillus, Pseudomonas, and
Streptomyces) have enormous potential for growth
promotion and disease control in Bambara groundnut
production. Phosphate solubilizing bacteria play
important roles in transforming P and increasing the
available P in the soil so that plant roots easily absorb
it. The nitrogen fixation process through the symbiosis
of the Leguminosae and Rhizobium families requires
phosphate to produce ATP, the phosphorus supply to
sustain the nitrogen fixation process.

Rhizobacteria isolated from the rhizosphere of
Bambara groundnut exhibit significant potential as
a natural fertilizer, aid in controlling plant diseases,
and contribute to enhanced food security (Ajilogba
et al., 2020). Bacterial activity in fixing nitrogen and
dissolving phosphate can increase the available
nitrogen and phosphate nutrients for plants (Li et al.,
2020). Provision of nitrogen and phosphorus affects
vegetative growth by providing essential proteins and
nucleic acids (Hasan et al., 2017).

Leaf Chlorophyll Content (SPAD Value)
Chlorophyll is a pigment that absorbs light in leaves
for photosynthetic activity. Changes in chlorophyll

content can be seen indirectly through SPAD (soil-
plant analysis development) observations. SPAD
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values indicate the chlorophyll content of leaves.
Leaf chlorophyll measurement with SPAD shows
the chlorophyll content per unit area of the leaf by
measuring the light absorbance in the leaves, which
is then calculated into a SPAD value equivalent to the
chlorophyll content in the leaves (Biinger et al., 2021).

The results (Table 6) showed that the invigoration
treatment and the level of NP fertilizer affected the
chlorophyll content of the leaves (SPAD values)
except for the invigoration treatment of 10 WAP. Both
invigoration treatments increased the chlorophyll
content compared to the control. The treatment of NP
fertilizer at 6-7 WAP at a dose of 100% showed the
highest leaf chlorophyll content, while at 8-10 WAP, a
dose of 50% gave the same effect at a dose of 100%.
This indicates that the dose of NP fertilizer decreased
at 8 WAP, presumably due to the role of nitrogen-
fixing and phosphate solubilizer bacteria in providing
nitrogen and phosphate to plants.

The invigoration treatment increased nitrogen and
magnesium levels, essential for chlorophyll synthesis.
This likely enhanced nutrient uptake, leading to
increased chlorophyll content and improved growth
and photosynthesis (Anwar et al., 2020). Plants with
higher N levels in their leaves generally have more
chlorophyll, a pigment crucial for photosynthesis.
This increase in chlorophyll content contributes to
enhanced photosynthetic activity, ultimately leading
to improved growth and yield (Fathi, 2022). Purbajanti
et al. (2019) demonstrated that a combination of 10
t.ha"' of cow manure and 100 kg.ha' of NPK fertilizer
led to the highest total chlorophyll content in peanuts.
Saudy et al. (2020) observed that applying Bacillus
megatherium to faba beans increased chlorophyll
levels, as measured by SPAD readings. Hasan et
al. (2021) further supported the beneficial effects of
biofertilizers, finding that they were more effective
than P fertilizer in enhancing total chlorophyll content
in Bambara groundnuts.

Correlation Analysis

Table 7 shows the correlation matrix showing the
relationship between invigoration and fertilizer dose
for the determination of growth parameters such as
leaf number, plant height, and chlorophyll content.
Based on the Pearson correlation coefficient, a
significant positive correlation was found in all
observed parameters. This finding suggests that
plants with a greater leaf number exhibited increased
height and chlorophyll content.
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Table 6. Effect of invigoration and NP fertilizer dose on Bambara groundnut leaf chlorophyll content at 6-10
weeks after planting

Leaf chlorophyll content (SPAD values)

Treatment
6 WAP 7 WAP 8 WAP 9 WAP 10 WAP
Invigoration > > > > ns
Without invigoration 42.0° 43.6° 45.8° 47.1° 49.32

Matriconditioning + Rhizobium KBP2 +
Pseudomonas BPF9

Matriconditioning + Rhizobium KBP5 +

44.7° 46.2° 48.1° 49.12 51.22

Pseudomonas BPE9 45 .42 46.6° 48.22 49.22 50.82
NP fertilizer dose > ** o o *
0% 43.1° 44 1° 45.1b 46.2° 48.7°
50% 43.9° 45.3° 48.3° 49.52 51.22
100% 45.22 46.52 48.6° 49.72 52.32

Notes: Notes: Values followed by the same letters in the same columns show significant differences according to the
Duncan Multiple Range Test at a=0.05.;** significant in F test level of a<0.01; * significant in F test level of a<0.05;
ns: not significant (P>0.05); WAP = weeks after planting.

Table 7. Correlation analysis of the invigoration and NP fertilizer dose for growth parameters

Leaf number Plant height (cm) Chlorophyll content
Leaf number
Plant height (cm) 0.7839***
Chlorophyll content 0.5317** 0.4312*

Notes: *= p<0.05; **= p<0.01; ***= p<0.001; ns= not significant (p>0.05).
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