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Abstract— The constraints of Alfisol or Mediterranean soils pose unique management challenges for maintaining soil fertility
and agricultural productivity. The aim of the research was to study the effect of couple inoculation Rhizobium and Phosphat
Solubilizing Bacteria (PSB) on plant growth and production of Cowpea in Alfisol or Mediterranean soils. The experiment used
a Randomized Block Design with treatment as combination concentration of PSB and Rhizobium sp. The treatment consist of
: control; PSB of 10 ml/L and Rhizobium sp 10 ml/kg seed; PSB of 10 ml/L and Rhizobium sp 20 ml/kg seed; PSB of 10 ml/L
and Rhizobium sp 30 ml/kg seed; PSB of 20 ml/L and Rhizobium sp 10 ml/kg seed; PSB of 20 ml/L and Rhizobium sp 20 ml/kg
seed; PSB of 20 ml/L and Rhizobium sp 30 ml/kg seed; PSB of 30 ml/L and Rhizobium sp 10 ml/kg seed; PSB of 30 ml/L and
Rhizobium sp 20 ml/kg seed; PSB of 30 ml/L and Rhizobium sp 30 ml/kg of seed. Each treatment was repeated with three
repetitions. Data analysis used analysis of variance at the 5% level, followed by LSD test at the 5% level. The results showed
that couple inoculation PSB and Rhizobium sp. increase significantly N and P soil, plant growth of Cowpea i.e the plant height,
number of root nodules, fresh weight, shoot dry weight and total dry weight, the average 100 seed weight, population of PSB
in soils and Rhizobium in root cowpea compared by control.
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l. INTRODUCTION

In Malang Regency, Mediterranean soil develops from limestone, calcareous sandstone, marl and basalt andesite. The
Mediterranean land is found in Karst plains, tectonic plains, tectonic hills, lower volcanic slopes, old volcanic plains and old
volcanic hills. Soil cross section is medium to very deep, good drainage, slightly fine to fine texture, slightly acidic to alkaline
pH, medium to very high CEC and high to very high base saturation (BS), low to medium in C-organic and total N content.,
P,0s (medium to high) and total K;O low to moderate (Yatno et al., 2017). Mediterranean soil has problems with being too
alkaline and low in organic matter, macro and micro nutrient levels as well as low water retention capacity and poor drainage
(Tri Pamungkas, 2021). Red Mediterranean soil derived from limestone has a higher soil pH value than soil derived from
sandstone. The main problem with Mediterranean soil is the high soil pH which will give rise to direct problems, namely
suitability for plants and availability of nutrients, namely low availability of microelements and phosphate because they are
bound by Ca?* (Supriyadi, 2007). Soil quality and fertility in Mediterranean calcareous agricultural soils are very important to
be managed so that soil productivity can be sustainable. The development of Mediterranean land requires pioneer plants that
can increase soil fertility, one of which is legumes. Legume crops can be a practical solution for improving calcareous soils
because they contribute to nitrogen fixation, organic matter accumulation, and improved soil health. The results of Tri
Pamungkas' research showed that the addition of organic fertilizer significantly increased the growth of plant height, number
of leaves, and stem diameter of sugar cane seedlings planted in Mediterranean soil. Legume crops are useful as human and
animal feed, wood energy, and as soil-improving components of agricultural and agro forestry systems through its association
with bio-fertilizers (Havugimana et al., 2016).

Cowpea is included in the minor legume group which has prospects for future development as a source of food, animal feed,
green manure, industry, and health. It belongs to the Leguminosae family and as important legume crop growing across the
world mainly intropical and subtropical regions (Papa et al., 2020; Kebede and Bekeko, 2020). It is classified as food crops,

Page | 14



International Journal of Environmental & Agriculture Research (IJOEAR) ISSN:[2454-1850] [Vol-10, Issue-1, January- 2024]

feed and industrial raw materials. According to Safitri et al. (2016) stated that cowpea seeds contain a lot of nutrition, every
100 g contains 24.4 g protein, 56.6 g carbohydrates, 1.9 g fat, 481 mg calcium, 399 mg phosphorus, and 2.68 g phytic acid.
Cowpea also has a higher vitamin B1 content than green beans. The potential for cowpea seeds is quite high, which can reach
1.5 - 2 tons/ha depending on the variety, location, growing season and cultivation applied. Cowpea has the advantage of having
a low fat content so it can minimize the negative effects of fatty food products (Saputro et al., 2015).

Cowpea is a leguminous plant that has also the ability to bind N, from the atmosphere. The ability of cowpea to fix nitrogen
through biological nitrogen fixation is a cheap and sustainable alternative to inorganic fertilizers. This is because the
performance of cowpea depends on the rhizospheric characteristics; hence, it is able to form a beneficial association with
microorganisms present in the rhizosphere (Abdel-Fattah et al., 2016). The potency of N, fixation by cowpea can be optimized
by inoculation of Rhizobium sp. Morphologically, cowpea roots spread to a depth of soil between 30-60 cm and can be in
symbiosis with Rhizobium sp. to bind free Nitrogen (N2) from the air which then forms root nodules. Inoculation of Rhizobia
isolates significantly increased the number of root nodules, compared to plants that were not inoculated (Kebede et al., 2020).
Symbiosis between cowpea and Rhizobium sp. can increase the availability of N to support plant growth and production.
Rhizobium sp is one of the bacteria that is very useful for agriculture which acts as a nitrogen fixer from the atmosphere.
Nitrogen is one of the main elements in the production of food crops, especially legumes. By fixing nitrogen symbiotically, a
cheap source is obtained and can help reduce production costs, especially on infertile soils (Suryantini, 2015). The development
of cowpea plants in calcareous areas has several obstacles related to the level of soil fertility. In the calcareous soil, high levels
of calcium can also cause problems with the presence of soil potassium. Clay colloids can adsorb and exchange base cations
depending on their valence. Cations with three and two valences are more strongly adsorbed by colloids compared to cations
with one valence (Putra and Hanum, 2018). As a result, potassium which has a valence of one, will be suppressed by high Ca
in calcareous soils which has a valence of two. In calcareous or normal soils, P gets immobilized by cations such as Ca?* to
form a complex calcium phosphate (Caz(PO4)2). Nearly, 70 to 90% of phosphorus fertilizers applied to soils is fixed by cations
and converted inorganic P (Walpola and Yoon, 2012).

Optimizing the role of cowpeas as a pioneer crop planted in Mediterranean soil requires agronomic practise, one of which is
the application of biological fertilizer to help increase the availability of nutrients in the soil, especially elements of N and P to
support growth and production. However, the availability of P in the soil is lacking, even though the total amount of P in the
soil is high through repeated fertilization applications. This is due to the nature of P which is easily fixed by metals, colloids
and calcium which makes it unavailable for plants. Agricultural soils in general also face constraints on the availability of P
elements for plants. Even though fertilization has been done many times for each planting, because P is tightly bound by soil
colloids, the availability of P element in the soil is low. Likewise with soils that have high Al-dd content, generally also have
constraints on the availability of P elements. Low availability of phosphorus (P) in calcareous soils can effect sustainabi lity of
improvement in cereals crops yield. A higher amount of calcium in calcareous soils precipitates the P, thus making it immobile
in soil. Inoculation of phosphate solubilizing bacteria (PSB) could be helpful in the sustainable management of immobile P in
soil (Wahid et al., 2020).

An alternative to increase the efficiency of fertilization in overcoming P fixation by Al, Fe and Ca is by utilizing phosphate
solubilizing microorganisms. Phosphate solubilizing bacterial inoculants are microbes given to plants for the process of
dissolving P which is bound to become a form available to plants. It play an important role in the biogeochemical cycle of soil
P, including dissolution, mineralization, and immobilization of P, thereby increasing P bioavailability and plant nutrition. Root-
associated PSB, can modulate plant root systems and stimulate root absorptive capacity and nutrient uptake, including P
acquisition (Bargaz et al., 2021). PSB facilitates the conversion of stable phosphorus to active phosphorus and increases the
residual phosphorus fraction in compost (Sun et al., 2023). Bacillus subtilis is one of PSB which is able to decompose P bonds
in the soil and can enhance plant P uptake through remobilization of recalcitrant forms of P in soil. The results of research
conducted by Batool and Igbal (2019) on Triticum aestivum L., recommend the use of PSB as biofertilizer, as an alternative to
chemical fertilizer.

Providing N and P nutrients in calcareous soil requires technology in the form of the use of biofertilizers which can support
the availability of nutrients needed by Cowpea plants to support their growth and production. This study aims to determine the
optimal concentration of application of Phosphate solubilizing bacteria and Rhizobium sp. to increase biology soil fertility and
the growth of cowpea cultivated in Alfisol or Mediterranean soils.
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Il.  MATERIALS AND METHODS
2.1 Study area and soil characteristic

The research was conducted at the Screenhouse of the Faculty of Agriculture, Wisnuwardhana University, Madyopuro Village,
Kedungkandang District, Malang City, which is located at an altitude about 500 m above sea level. The type of soil used is the
Alfisol or Mediterranean taken from the Bantur area of Malang Regency. The soil used has the following characteristics
(primary data from laboratory analysis): pH (H20)=7.6 (slightly alkaline), C-Org=0.73% (very low), N-tot= 0.08% (very low);
P-Olsen= 34 ppm (medium); K-dd= 0.24 cmol(+)/kg (low); Ca-dd= 10.20 cmol(+)/kg (high).

2.2 Data collection

Growth parameters observed included plant height, number of root nodules, plant fresh weight, shoot and root dry weight, total
dry weight, and weight of 100 seeds, soil PSB population and Rhizobium sp. population. Plant height was measured from the
base of stem to the top of plant shoot using ruler. The number of root nodules was measured by removing roots at the end of
the vegetative phase. The number of effective root nodules is calculated from the pink nodules in color. At the age of 70 days
after planting, three samples cowpea plants were taken in each treatment in each replication, then were measured the total fresh
weight, dry weight of roots and shoots, and total dry weight of plants. The plant samples were washed then rinsed with distilled
water to remove dust and soil on the surface. After the total fresh weight was calculated, then the roots and shoots plant were
dried in the oven at 70 °C for 48 hours and weighed to measure the root dry weight and shoot dry weight (Rahayu et al., 2022).
The weight of 100 seeds was measured by weighing 100 cowpea seeds taken from each sample plant on each experimental
unit after harvest. Calculation of microbial populations of Rhizobium used the Selective Medium Total Plate Count (TPC)
method. A total of 10 grams of sample was suspended in 90 ml of solution sterile physiological saline, followed by serial
dilution using 9 ml of sterile physiological saline to level dilution 10-5. A total of 100 I of the suspension then spread into
Yeast Mannitol (YM) Agar selection medium added with Congo Red, then incubated 3-10 days at room temperature room (28-
30 °C). Its growth is observed and its population calculated based on the Most Probable method Number (MPN). Calculation
of the population of Phosphate Solubilizing Bacteria using the Selective Medium Total Plate Count (TPC) method. A total of
ten grams of sample was suspended in 90 ml of solution sterile physiological saline, then serial dilutions were carried out using
9 ml of sterile physiological saline to a 10-5 dilution. A total of 100 | of the suspension was then spread over the selection
medium Pikovskaya Agar, and incubated for 7 days at room temperature (28 + 2 °C). Growth was observed and the number of
colonies counted has a clear zone around the colony based on the MPN method (Peraturan Menteri Pertanian, 2011). Soil
chemical properties were analyzed consist of pH (H20 1:1), C organic (Walkley and Balck), Nitrogen (Kjeldahl), P (Olsen),
K dan Ca (NH4OAC pH 7.0) (Agricultural Research ad Development Agency, 2012).

2.3 Data analysis

This experiment used a randomized block design, consisting of 9 treatments, namely: control (without PSB and Rhizobium sp.
innoculants); PSB inoculant concentration of 10 ml/L and Rhizobium sp. 10 ml/kg seed; PSB innoculant concentration of 10
ml/L and Rhizobium sp. 20 ml/kg seed; PSB innoculant concentration of 10 ml/L and Rhizobium sp. 30 ml/kg seed; PSB
inoculant concentration of 20 ml/L and Rhizobium sp. 10 ml/kg seed; PSB innoculant concentration of 20 ml/L and Rhizobium
sp. 20 ml/kg seed; PSB inoculant concentration of 20 ml/L and Rhizobium sp. 30 ml/kg seed; PSB inoculant concentration of
30 ml/L and Rhizobium sp. 10 ml/kg seed; PSB inoculant concentration of 30 ml/L and Rhizobium sp. 20 ml/kg seed; PSB
inoculant concentration of 30 ml/L and Rhizobium sp. 30 ml/kg seed. Each treatment combination was repeated three times.
Observational data were analyzed at the 5% level of variance, followed by the 5% BNT test if there was a significant effect of
the treatment.

1. RESULTS AND DISCUSSION

3.1 Plant Growth and Production of Cowpea

The results of the varians analysis showed that there was a significant effect on the concentration of Phosphate Solubilizing
Bacteria (PSB) and Rhizobium sp. on cowpea plant height. Table 1. shows that the height of cowpea plants was significantly
different between those treated with phosphate solubilizing bacteria (PSB) and Rhizobium bacteria and those without treatment
(control). From the first to the ninth week of observation, the average height of cowpea plants in the control showed
significantly different and lower than the cowpea applied with PSB and Rhizobium. Until the end of the observation, which
was 63 days after planting (DAP), the cowpea plants grown on media with the inoculation of PSB 20 ml/l and Rhizobium 30
ml/kg, produced the highest growth in plant height (155.33 cm) compared to the other treatments. In fast growth, especially in
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the vegetative phase, plants need N elements which play an important role in cell division, the formation of amino acids and
proteins, chlorophyll and many potential enzymes that are important for photosynthesis and plant growth (Fitriatin et al., 2017),
as well as important for stimulating root growth and increasing the uptake of other nutrients for plants (Nget et al., 2022). So
that with higher Rhizobium inoculation it helps the availability of N in the soil.

TABLE 1
PLANT HEIGHT (CM) OF COWPEA (VIGNA UNGUICULATA) AS INOCULATION OF PHOSPHATE SOLUBILIZING
BACTERIA AND RHIZOBIUM SP.

PSB and Plant height (cm)
Rhizobium
Concentration 7 dap l4dap | 21dap | 28dap 35 dap 42 dap 49 dap 56 dap 63 dap
0 ml/L and 0 ml/kg 10,17 a|1317 | a| 1917 | a | 2650 [ a | 3083 | a | 4083 | a | 5667 | a | 6267 | a | 6933 | a
10 ml/L and 10 ml/kg 17,67 b|2617 | b|5950 | c | 7450 [ b | 91,00 | b | 112,33 | bc | 106,17 | b | 11050 | b | 116,00 | b
10 ml/L and 20 ml/kg 18,17 b|2533|b| 6150 | c |6817 b | 9450 | b | 111,83 | bc | 127,17 | ¢ | 132,83 | bc | 136,83 | be
10 ml/L and 30 ml/kg 18,83 b|2833|b|6333| c |758 |b| 9600 | b | 113,17 | bc | 120,67 | bc | 126,83 | bc | 134,67 | be
20 ml/L and10 ml/kg 16,67 b|2533|b| 498 | bc| 768 |b| 91,33 | b | 111,83 | bc | 13350 | ¢ | 136,83 | bc | 146,17 | ¢
20 ml/L and 20 ml/kg 17,50 b|2733|b|5700 | bc|793|b| 9617 | b| 9217 | b | 131,17 | ¢ | 136,17 | bc | 14950 | ¢
20 ml/L and 30 ml/kg 18,00 b | 2767 | b| 61,50 | ¢ |87 | b | 101,17 | b | 117,83 | ¢ | 13617 | ¢ | 14117 | ¢ | 15533 | ¢
30 ml/L and 10 ml/kg 18,00 b | 2467 |b|3900| b | 7550 b | 101,83 | b | 12633 | c | 13467 | ¢ | 13833 | ¢ | 14467 | ¢
30 ml/L and 20 ml/kg 18,50 b|2483 | b | 5267 |bc| 753 |b| 9417 | b | 11767 | ¢ | 12550 | ¢ | 128,67 | bc | 142,33 | ¢
30 ml/L and 30 ml/kg 16,50 b |2900|b|568 |bc| 7767 |b| 9833 | b | 11950 | ¢ | 127,83 | ¢ | 13317 | bc | 14383 | ¢
BNT 5% 3,005 6,68 18,41 19,13 20,44 22,52 16,45 27,24 25,28

Note: the numbers followed by the same letter in the same column are not significantly different in the Least Significant
Difference Test (LSD) at the 5% level. PSB = Phosphate Solubilizing Bacteria; PSB = Phosphate Solubilizing Bacteria;
hst = days after planting; dap = day after planting

Table 2 shows that the control treatment and lower concentration of PSB and Rhizobium, namely 10 ml/l and Rhizobium 10
ml/kg, tended to produce an average weight of 100 cowpea seeds lower than cowpea plants which were inoculated with the
higher concentration of PSB (20 ml/l and 30 ml/I) and Rhizobium concentration (20 ml/kg and 30 ml/kg). The results of (Nyaga
and Njeru, 2020) research showed that rhizobia inoculation significantly increased cowpea yields where inoculation with native
isolates recorded 22.7% increase in yield when compared to uninoculated control in the first season and 28.6% increase in
yield in the second season.

TABLE 2
WEIGHT OF 100 SEEDS, NUMBER OF ROOT NODULES, ROOT LENGTH OF COWPEA (VIGNA UNGUICULATA) AS
INOCULATION OF PHOSPHATE SOLUBILIZING BACTERIA AND RHIZOBIUM SP.

PSB and Rhizobium Concentration 100 seed weight (g) The Number of root nodule Root length (cm)
0 ml/L and 0 ml/kg 7,03 A 1,83 A 9,00 a
10 ml/L and 10 ml/kg 7,17 A 2,17 A 9,33 ab
10 ml/L and 20 ml/kg 7,75 abc 4,00 Ab 12,00 bcde
10 ml/L and 30 ml/kg 8,32 bc 5,00 Bc 12,83 cde
20 ml/L and 10 ml/kg 7,20 Ab 7,00 Cd 10,00 abc
20 ml/L and 20 ml/kg 10,45 D 10,00 E 11,00 abcd
20 ml/L and 30 ml/kg 12,14 E 11,00 Ef 11,00 abcd
30 ml/L and 10 mi/kg 8,65 C 9,00 De 10,83 abcd
30 ml/L and 20 mi/kg 11,77 E 10,00 E 13,00 de
30 ml/L and 30 mi/kg 12,27 E 13,33 F 14,00 e
BNT 5% 1,13 2,34 2,88

Note: The numbers followed by the same letter in the same column are not significantly different in the Least Significant
Difference Test (LSD) at the 5% level. PSB = Phosphate Solubilizing Bacteria.
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Observation of the root nodules number showed that the control treatment and the low concentration of PSB and Rhizobium
respectively 10 ml/l and 10 ml/kg, tended to produce number of cowpea nodules as 1-2 root nodules. This result showed lower
than the higher concentration of PSB (20 ml/l and 30 ml/l) and Rhizobium (20 ml/kg and 30 ml/kg). The highest number of
root nodules was produced in the inoculation of PSB 30 ml/I and Rhizobium 30 ml/kg and the application of PSB 20 ml/l by
soaking the seeds in Rhizobium 30 ml/kg. The results of this study are in line with the results of Habete and Buraka (2016)
research, that showed the presence of rhizobium bacteria inoculation increased the number of nodules per plant which was
significantly different for the two varieties of beans. Furthermore, both N fertilizer application and rhizobium inoculation
increased 100-seeds weight and seed yield per ha. For better soil health and reduced production costs, it is advisable to use
bacteria treated seeds. The root length parameter showed that the cowpea plants that were inoculated with PSB 30 ml/l and
Rhzobium sp. 30 ml/kg produced an average root length longer than the other treatments, while the control cowpea plants
produced short root lengths. The result of (Chandra and Kumar, 2008) research showed that combined inoculation treatment
of Rhizobium sp.+ Phosphate Solubilizing Bacteria, PSB (Bacillus megaterium) + PGPRs LK-786 (Kurthia sp.) produced the
highest and significantly more number and dry weight of nodules and plant dry weight of Lentil (Lens culinaris L.) than
Rhizobium sp. alone at different intervals. Combined inoculation of chickpea with Rhizobia and Phosphate Solubilizing
Bacteria (PSB), Bacillus sp., and Enterobacter aerogenes showed a significant enhancement of chickpea nodulation, biomass
production, yields and N, P, and protein content in grains as compared to single inoculation or single application of N or P.
Formulation of biofertilizers based on tasted strains could be used for chickpea co-inoculation in P-deficient soils (Benjelloun
et al., 2021). Rhizobia in association with a legume host have the exceptional ability to form root nodules. PGPR with rhizobial
inoculation enhanced nodulation, growth and yield of lentil (Lens culinaris) (19.8 nodules/plant, 70.6 mg nodule dry
weight/plant, 1 605kg/ ha) as compared to Rhizobium alone (17.8 nodules/plant, 64.3mg/plant and 1 546kg/ha resp.) and non-
inoculated control (13.9nodules/plant, 47.7mg/plant and 1 401kg/ha resp.) (Khanna and Sharma, 2011).

TABLE 3
PLANT FRESH WEIGHT, SHOOT DRY WEIGHT, ROOT DRY WEIGHT, AND TOTAL DRY WEIGHT OF COWPEA
(VIGNA UNGUICULATA) AS INOCULATION OF PHOSPHATE SOLUBILIZING BACTERIA AND RHIZOBIUM SP.

PSIE%:and Rhizc_)bium Fresh Weight (g) Root Dry Weight | Shoot Dry Weight | Total Dry Weight
oncentration (9) (9) (9)

0 ml/L and 0 mi/kg 65,17 a 0,61 a 18,79 a 19,39 a
10 ml/L and 10 ml/kg 72,00 ab 0,65 a 24,56 b 25,22 b
10 ml/L and 20 ml/kg 73,67 ab 0,47 a 25,31 b 25,78 b
10 ml/L and 30 ml/kg 75,50 ab 0,60 a 25,84 b 26,43 b
20 ml/L and 10 ml/kg 78,67 bc 0,79 a 26,73 b 27,53 b
20 ml/L and 20 ml/kg 80,67 bc 0,53 a 26,78 b 27,30 b
20 ml/L and 30 ml/kg 91,33 c 0,63 a 31,34 c 31,97 c
30 ml/L and 10 ml/kg 71,33 ab 0,44 a 24,54 b 24,97 b
30 ml/L and 20 ml/kg 74,33 ab 0,58 a 25,34 b 26,02 b
30 ml/L and 30 ml/kg 79,83 bc 0,53 a 27,26 bc 27,94 bc

BNT 5% 12,84 0,35 4,37 4,11

Note: the numbers followed by the same letter in the same column are not significantly different in the Least Significant
Difference Test (LSD) at the 5% level. PSB = Phosphate Solubilizing Bacteria.

Table 3 shows that the fresh weight of cowpea was significantly different between those treated with phosphate solubilizing
bacteria and Rhizobium bacteria and those without treatment (control). The control showed plant fresh weight (65 g) lower
than cowpea inoculated with PSB and Rhizobium. In cowpea plants inoculated with 20 ml/I PSB and Rhizobium sp 10 ml/kg,
20 ml/1 PSB and 20 ml/kg Rhizobium sp., 20 ml/l PSB and 30 ml/kg Rhizobium resulted in a higher average fresh weight than
those inoculated with 10 ml/I PSB at all of Rhizobium concentrations level.
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The result showed that there were no significant difference on root dry weight between the plants inoculated with PSB and
Rhizobium and the control. Meanwhile, there were significant differences on shoot dry weight and total plant dry weight
between control and those applied with PSB and Rhizobium sp. The highest shoot dry weight and total dry weight were shown
in plants that were inoculated with PSB 20 ml/l and Rhizobium 30 ml/kg. The plant growth needs Nitrogen and Phosphorus as
a mineral nutrient. Although Phosporus is abundance in soil, both in organic and inorganic forms, its availability is limited
because P mostly occurs in insoluble forms. The average soil P content is about 0.05% (w/w) but only 0.1% of the total P is
available to plants due to its low solubility and soil fixation. An adequate supply of phosphorus during the early phases of plant
development is important for supporting the development of the reproductive parts of the plant. This is because P plays an
important role in increasing root branching and increasing sturdy plants and resistance to disease. Phosphorus accounts for
about 0.2 - 0.8% of the plant's dry weight. With the application of phosphate solubilizing microorganisms (PSM) it is the best
environmentally friendly means to help the availability of plant P nutrients (Sharma et al., 2013). The combined inoculation of
Arbuscular Mycorrhizal Fungi (AMF) and Phosphate Solubilizing Bacteria (PSB) with ground rock phosphate RP had more
potential to improve maize-wheat yields and P uptake comparable to those obtained by using expensive phosphatic fertilizers
in P deficient calcareous pH soils (Wahid et al., 2020). The research results of Hashem et al. (2019) showed that inoculation
of plant roots with rhizobia may result in a small number of nodules depending on the root nodulation process which is based
on the exchange of signals between the host and bacteria leading to the formation of rhizobia in the host tissue, nodulation and
plant growth through increased day element uptake from the soil.

Rhizobium and phosphate solubilizing bacteria are important for plant nutrition. These microbes also have an important role
as plant growth-promoting rhizobacteria (PGPR) in plant biofertilizers. Inoculation of Rhizobium and BPF either singly or
both with the use of phosphate fertilizer significantly increased root and shoot weight, plant height, seed yield, seed P content,
leaf protein content and leaf sugar content. Inoculation of Rhizobium and BPF either singly or both with the addition of
phosphate fertilizer improves seed production 30% - 40% better than using only phosphate fertilizer . The synergistic
relationship between rhizobium inoculation and BPF which produces growth regulators such as IAA and GA can improve root
growth both in length and root weight which in turn can increase water and nutrient uptake which helps improve plant canopy
growth (Afzal and Bano, 2008). The role of Bacillus subtilis which plays a direct role in P solubilization, it can help the
availability of P nutrients in the soil, and can increase plant growth. Among microbial inoculants, the Rhizobium + PSB was
found most effective in terms of nodule number (27.66 nodules plant™), nodule fresh weight (144.90 mg plant™"), nodule dry
weight (74.30mg plant™!), shoot dry weight (11.76 g plant™), and leghemoglobin content (2.29mg g of fresh nodule) and also
showed its positive effect in enhancing all the yield attributing parameters, grain and straw yields of Chickpea (Tagore et al.,
2013).

3.2 Population of Soils Phosphate Solubilizing Bacteria and Population of Cowpea Roots Rhizobium sp.

The results of laboratory analysis showed that inoculation of Phosphate Solubilizing Bacteria (PSB) Bacillus subtilis increases
the soil PSB population (Table 4). The highest soil PSB population of 2.31 x 107 CFU/g was obtained from the PSB treatment
at concentration of 20 ml/L compared to the control i.e population of 1.98 x 10® CFU/g (Table 4). This is in line with the results
of Fitriatin et al. (2017) that the PSB population in the Rhizosphere of corn plants can be increased by application of PSM
biofertilizer (Phosphate Solubilizing Microorganisms) to 2.0 x 10'* CFU/g compared to control (without PSM biofertilizer) as
PSB population of 1.2 x 10** CFU/g. The use of PSB could significantly increase pH, available phosphorus and several kinds
of trace elements both in the rhizosphere and non-rhizosphere soil. The PSB secreted small molecular organic acids to dissolve
inorganic phosphorus and changed the soil properties, which changed the rhizosphere microbial community indirectly. PSB
can produce various organic acids with low molecular weight, which alter the soil pH, solubilizing the phosphate from acid or
alkaline soils (Liu et al., 2020).

Alfisols or Mediterranean soils are a group of red soils caused by high iron content and low humus content (Wijanarko et al.,
2007). Organic matter is a source of energy for soil macro and micro fauna. Soils with low organic matter content have an
effect on low soil microbiological activity and population. Biological fertility (microbiological population) of soil can be
increased by addition of organic matter as well as the addition of biological fertilizers. The results showed that increasing the
concentration of Rhizobium to 30 ml/kg of seed could increase the soil Rhizobium population up to 1.29 x 107 CFU/g compared
to no application of Rhizobium (control) as a population of 2.87 x 10 CFU/g. The increase in microbial population in the soil
can be due to the application of bioinoculants which induce better root proliferation and are responsible for high soil enzyme
activity resulting in higher biomass production and extended root exudates (Prathima et al., 2022).
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TABLE 4
POPULATION OF SOIL PSB AND POPULATION OF COWPEA ROOT RHIZOBIUM SP.

Treatment Type of Bacteria Population of Bacteria (CFU/q)
RO (Control) Rhizobium sp. 2,87 x 10°
R1 (10 ml/kg seeds) Rhizobium sp. 5,60 x 106
R2 (20 ml/kg seeds) Rhizobium sp. 1,01 x 107
R3 (30 ml/kg seeds) Rhizobium sp. 1,29x 107
BO (Control) PSB Bacillus subtilis 1,98 x 108
B1 (10 ml/L) PSB Bacillus subtilis 3,14 x 106
B2 (20 ml/L) PSB Bacillus subtilis 2,31 x 107
B3 (30 mi/L) PSB Bacillus subtilis 9,61 x 10°

3.3 Nitrogen and Phosporus of Soils

Table 5 shows that the Nitrogen total in soils was significantly different between those treated with phosphate solubilizing
bacteria and Rhizobium bacteria and those without treatment (control). Planting media and plants inoculated with PSB 10 ml/L
and 30 ml/kg Rhizobium sp., PSB 20 ml/L and 30 ml/kg Rhizobium sp., PSB 30 ml/L and 30 ml/kg Rhizobium sp., resulted N
total in the soils was higher compared to other treatments. The research result of Wei et al. (2023) showed that long-term co-
application of rhizobium and PK (phosphorus and potassium fertilization) promoted soybean nodule dry weight by 33.94%
compared with PK + N (nitrogen and PK fertilization), and increased soybean yield by average of 32.25%, 5.90%, and 5.00%
compared with CK (non-fertilization control), PK, and PK + N, respectively. The main effect of two rhizobium strain (Faba
bean, Fb17 and Fb18) positively improved soil porosity, but soil bulk density was negatively infuenced. Soil chemical
parameters such as organic carbon, total N, available P, available sulfur, Ca, Mg, and K were positively influenced (Chimdi et
al., 2022). Inoculation Rhizobium can increase the availability of N in the soils through nitrogen fixation capability. The
research of Oktaviani et al. (2017) showed that combination of Rhizobium and compot 200 g resulted highest value on the total
soil N. The highest N soil is produced from combination treatment of 0.245 g, 200 g and Rhziobium compost as much as 25g.

Table 5 also shows that application of 30 ml/L PSB resulted in significantly higher P-total compared to controls and lower PSB
concentrations. Total soil P levels in the media and plants applied were 30 ml/L PSB and 20 ml/kg Rhizobium sp. showed
higher results than the control (without PSB and Rhizobium application) and other treatments. This is very possible because in
calcareous soil Ca fixation of soil P becomes a form that is insoluble in the soil solution, and as a consequence is not available
to plants. It could be mobilized, converted into soluble P forms using of PSM (Kalayu, 2019). Soil phosphate solubilizing
bacteria (PSB) inoculation with mineral P can improved postharvest soil fertility relative to pre-harvest by improving soil
organic matter from 0.61% to 0.70%, lowering pH from 7.74 to 7.68, and improving soil total N from 0.04 to 0.09%, ABDTPA-
extractable P from 2.07 to 3.44 mg.kg™ , and potassium (K) concentrations from 100.27 to 129.45 mg.kg™ (Khan et al., 2022).

TABLE 5
THE CONTENT OF NITROGEN AND PHOSPORUS SOILS AS INOCULATION OF PHOSPHATE SOLUBILIZING
BACTERIA AND RHIZOBIUM SP.

PSB Bacillus subtilis and Rhizobium sp. concentration N-Tot (%) P-Tot (mg.kg-1)
0 ml/L and 0 ml/kg 0,07 a 208 a
10 ml/L and 10 ml/kg 0,21 b 421 b
10 ml/L and 20 ml/kg 0,28 b 454,67 bc
10 ml/L and 30 ml/kg 0,42 c 611,67 bcd
20 ml/L and 10 ml/kg 0,21 b 470,33 bc
20 ml/L and 20 ml/kg 0,28 b 623,33 cd
20 ml/L and 30 ml/kg 0,42 c 616 cd
30 ml/L and 10 ml/kg 0,21 b 604 bcd
30 ml/L and 20 ml/kg 0,28 b 943 e
30 ml/L and 30 ml/kg 0,42 c 723 d
BNT 5% 0,07 192,85

Note: the numbers followed by the same letter in the same column are not significantly different in the Least Significant
Difference Test (LSD) at the 5% level. PSB = Phosphate Solubilizing Bacteria.
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V. CONCLUSION

Inoculation of Phosphate Solubilizing Bacteria (PSB) and Rhizobium sp. to cowpea (Vigna unguiculata) grown on Alfisol or
Mediterranean soils, has an influence on the growth and yield of cowpea plants, namely cowpea plant height, number of root
nodules, fresh weight per plant, shoot dry weight and total plant dry weight and average weight of 100 seeds. It’s also influence
on increasing of soils PSB population and cowpea roots Rhizoobium. Total of N and P soils increased by inoculation of PSB
and Rhizobium.

The inoculation of PSB 20 ml/I and 30 ml/I and Rhizobium 10 mi/kg, 20 ml/kg and 30 ml/kg resulted in higher plant height,
plant fresh weight, shoot dry weight, total dry weight, and weight of 100 seeds of cowpea higher than the other treatments. The
highest number of root nodules was produced in the treatment of PSB 30 ml/l and Rhizobium 30 ml/kg. The highest soil PSB
population was resulted in the treatment of 20 ml/L and the highest population of cowpea roots Rhizobium sp. were produced
in the 30 ml/kg treatment. The inoculation of Rhizobium 30 ml/kg produced the highest N-total soil, meanwhile inoculation of
PSB 30 ml/L produced the highest P-total soils.
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