
HAL Id: hal-00886324
https://hal.science/hal-00886324

Submitted on 11 May 2020

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Rock phosphate-potassium and rock-solubilising bacteria
as alternative, sustainable fertilisers

Non Renseigné, Hyo Shim Han, Jae Sung Jung, Kyung Dong Lee

To cite this version:
Non Renseigné, Hyo Shim Han, Jae Sung Jung, Kyung Dong Lee. Rock phosphate-potassium and rock-
solubilising bacteria as alternative, sustainable fertilisers. Agronomy for Sustainable Development,
2006, 26 (4), pp.233-240. �hal-00886324�

https://hal.science/hal-00886324
https://hal.archives-ouvertes.fr


233Agron. Sustain. Dev. 26 (2006) 233–240
© INRA, EDP Sciences, 2006
DOI: 10.1051/agro:2006020

Research article

Rock phosphate-potassium and rock-solubilising bacteria 
as alternative, sustainable fertilisers

SUPANJANIa, Hyo Shim HANb, Jae Sung JUNGb, Kyung Dong LEEa,c*

a Department of Plant Science, McGill University, Macdonald Campus, 21111 Lakeshore Road, Ste-Anne-de-Bellevue, QC, H9X 3V9, Canada
b Department of Biology, Sunchon National University, Suncheon, Jeonnam 540-742, Korea

c Department of Oriental Medicine Materials, Dongshin University, 252 Daeho-dong, Naju, Jeonnam 520-714, Korea

(Accepted 9 August 2006)

Abstract – Classical, soluble fertilisers create environmental and economic problems. As an alternative, we studied the direct applications of
phosphate rock and potassium rock in conjunction with phosphate-solubilising bacteria and potassium-solubilising bacteria for cultivation of
hot pepper Capsicum annuum L. Our findings show that integration of P and K rocks with inoculation of P- and K-solubilising bacteria
increased P availability from 12 to 21% and K availability from 13 to 15% in the soil as compared with control, and subsequently improved
nutrient (N, P and K) uptake to the plant. This integration also increased plant photosynthesis by 16% and leaf area by 35% as compared with
control plants. Similarly, biomass harvest and fruit yield of the treated plants were 23% and 30%, respectively, higher as compared with control.
Overall, we found that the treatment with P and K rocks and PK-solubilising bacterial strains and the treatment with classical, soluble fertiliser
have a similar effectiveness. Therefore, direct application of P and K rocks and solubilising bacteria is a promising, sustainable alternative to
the use of classical fertilisers.

hot pepper / phosphate-solubilising bacteria / potassium-solubilising bacteria / mineral uptake / soil availability / acid phosphatase
activity

1. INTRODUCTION

Modern crop production depends heavily upon industrial
fertilisers that are expensive, and also cause pollution and farm-
land degradation (Brown, 2000). The use of plant growth-pro-
moting rhizobacteria (PGPR), including phosphate- and
potassium-solubilising bacteria as biofertilisers, has been sug-
gested as a sustainable solution to improve plant nutrient and
production (Vessey, 2003). Large areas of cultivated land in
Korea and China are deficient in phosphorus and potassium
nutrients (Xie, 1998), and soluble industrial fertilisers, such as
triple superphosphate and diammonium phosphate, are com-
monly applied to improve plant growth and replace minerals
removed during harvest. When added to soils, soluble phos-
phate fertilisers are easily converted into insoluble complexes
with calcium carbonate, aluminum and iron oxides, and crys-
talline and amorphous aluminum silicate (Sample et al., 1980).
Consequently, to achieve optimum crop yields, soluble phos-
phate fertiliser has to be applied at rates which cause unman-
ageable excess of phosphate application and create
environmental and economic problems (Brady, 1990). On the
other hand, K deficiencies are a problem because it decreases
easily in soils due to crop uptake, runoff, leaching and soil ero-

sion (Sheng and Huang, 2002). Direct application of phosphate
and potassium rocks may be more useful agronomically and
environmentally more sustainable than industrial soluble P and
K fertilisers (Rajan et al., 1996). 

Phosphate and potassium rocks are a cheaper source of P and
K; however, they are less readily available to plants because the
minerals are released slowly and their use as a fertiliser often
does not increase yield. The potential of phosphate-solubilising
bacteria, such as Bacillus megaterium var. phosphaticum, for
increasing crop yields, to convert insoluble phosphate in rocks
into soluble forms available for plant growth, has been reported
(Nahas et al., 1990; Bojinova et al., 1997; Schilling et al., 1998).
This conversion is through acidification, chelation and
exchange reactions (Gerke, 1992) and produces strong organic
acids in the periplasm (Alexander, 1977), which have become
indicators for routine isolation and selection of phosphate-sol-
ubilising bacteria (e.g. Illmer et al., 1995). KSB, such as Bacil-
lus mucilaginosus, are able to solubilise potassium mineral
powder, such as micas, illite and orthoclases, and increase K
availability in soils and mineral content in plants (Friedrich
et al., 1991; Ullman et al., 1996; Sheng et al., 2002). 

Integrated application of phosphate and potassium rocks
with the co-inoculation of bacteria that solubilise those fertilisers
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may provide a faster and more continuous supply of P and K
for optimal plant growth. However, little is known about the
combined effects of rock materials and co-inoculation of P- and
K-solubilising bacteria on mineral availability in soils, mineral
content and growth of hot pepper. The present work reports the
results of field experiments to evaluate the effects of soil ferti-
lisation with phosphate and potassium rocks in combination
with the co-inoculation of PK-solubilising bacteria on the
improvement of P and K uptake and the growth and production
of hot pepper plants. 

2. MATERIALS AND METHODS

2.1. Soil and bacteria materials

Field experiments were conducted to determine the effects
of P- and K-solubilising bacteria on growth of hot pepper (Cap-
sicum annuum L.) in the two growing seasons of 2001 and 2002
in Chinju, Kyungnam province, Korea (35°12’N, 128°07’E).
The soil contained low phosphate and potassium and was char-
acterised as Aquepts Series, Typic Endoaquepts (Inceptisols)
with the chemical properties: pH (1:5 w/v water) 5.8, organic
matter 19.5 g kg–1, total N 2.1 g kg–1, available P 9.8 mg kg–1

and available K 47.9 mg kg–1 (1 M NH4-OAc). The soluble fer-
tiliser was N-P-K= 0-8.4-15.8 (Namhae Co., Korea). Phosphate
rock powder (< 1 mm, from China) contains 15% total P and
potassium rock powder (Illite powder, < 1 mm, from Korea)
contains 4.0% K. We used two strains of plant growth-promot-
ing rhizobacteria (PGPR) in these experiments. For P-solubi-
lising bacteria, Bacillus megaterium var. phosphaticum was
isolated from a plastic film house area in Korea by using the
medium (1.0% polypeptone, 0.5% beef extract, 0.2% NaCl,
0.05% yeast extract). This strain was identified by Han et al.
(2006) and was proven in its efficiency to solubilise many phos-
phatic compounds, such as aluminum phosphate and rock phos-
phate (Sundara et al., 2002). For K-solubilising bacteria, we
used Bacillus mucilaginosus strain KCTC3870 (Korean Col-
lection of Type Cultures).

2.2. Bacterial culture and inoculant preparation

PK-solubilising bacteria were cultured in Tryptone Yeast
medium (Vincent, 1970) and sucrose-minimal salts medium
(Sheng et al., 2002), respectively, and incubated on an orbital
shaker at 150 rpm for 48 h at 27 ºC. The cells in cultured bac-
terial broth were collected by centrifugation at 2 822 × g for
15 min at 4 °C and washed with sterilised tap water. The pel-
leted cells was resuspended in sterilised tap water and then the
cells were adjusted to about 108 cells mL–1, based on optical
density OD620 = 0.08 (Bhuvaneswari et al., 1980). 

2.3. Field conditions 

The experiments were established with 11 treatments, con-
sisting of the combinations of 100 kg ha–1 soluble fertiliser,
56 kg ha–1 P rock, 395 kg ha–1 K rock, P-solubilising bacteria,
PK-solubilising bacteria, K-solubilising bacteria, and control
without rock fertiliser materials or bacterial inoculation (see
Tab. I). Plots were arranged in a randomised complete block

design with four replications of each treatment. Each plot was
3.0 m by 5.0 m, consisting of five rows of plants, with a spacing
of 1.0 m between rows and 30 cm within the rows. The space
between adjacent blocks was 2.0 m and the space between plots
was 1.0 m. 

Rock materials were mixed thoroughly with the soil in each
plot to ensure the solubilisation effect of the rock nutrients by
the inoculated bacteria. The fertiliser materials were spread
evenly on the field 3 days before seedlings were transplanted
into the field. The inoculants were applied evenly into the open
row at 3-cm depth using a 50-mL syringe, at a rate of 10 mL
of inoculum per seedling, before the seedlings were trans-
planted into the field, and before the surface was covered with
black-coloured plastic film. 

Seedlings were prepared by surface-sterilising hot pepper
seeds with 2% sodium hypochlorite for 3 min and then rinsing
5 times with distilled water. The seeds were sown on February
27 each year and grown in sterilised vermiculite in trays in a
greenhouse. Half-strength Hoagland’s solution was used for
irrigation (Hoagland and Arnon, 1950). At 9 weeks after sow-
ing, hot pepper seedlings were transplanted into the field on
May 7, 2001 and on May 6, 2002. 

Plots were hand-weeded as needed. The photosynthesis of
plants was measured by using a Li-Cor 6400 (Li-Cor Inc,
Lincoln, Nebraska, USA) at 10 and 20 weeks after transplant-
ing. All plants were harvested 20 weeks, on September 30, 2001
and on October 1, 2002, after transplanting, and the red-
coloured fruit was harvested every week during the experiment.
The growth and yield characteristics were investigated by using
the methods released by Rural Development Administration,
Korea (RDA, 1995). 

2.4. Mineral content

To analyse mineral elements, soil samples were collected
before and after the experiments and air-dried for chemical
analysis. Soil samples were sieved (< 2 mm screen) and ana-
lysed for the following: pH (1:5 w/v, water extraction), organic
matter content (Wakley and Black method; Allison, 1965),
available P content (Lancast method; RDA, 1988: 5 g of soil
was extracted with 20 mL of 0.33 M CH3CHOOH, 0.15 M lac-
tic acid, 0.03 M NH4F, 0.05 M (NH4)2SO4, and 0.2 M NaOH
at pH 4.25) and contents of exchangeable or available K+ (1 M
NH4-OAc pH 7, AA, Shimazu 660; Richards and Bates, 1989).
Available P and K contents were measured twice, 10 and
20 weeks after transplanting. Shoot, root and fruit tissues were
separated after harvesting and air-dried at 70 °C for 5 days. The
dried materials were then ground and digested in H2SO4 for
determination of total N (Kjeldahl method; Bremner, 1965) or
in a ternary solution (HNO3:H2SO4:HClO4 = 10:1:4 with vol-
ume) for the determination of P and K. 

2.5. Acid phosphatase activity

Acid phosphatase activity was determined by using a mod-
ified assay of Tabatabai (1982). One gram of sieved rhizo-
sphere soil (< 2 mm screen) was placed into a 50-mL
Erlenmeyer flask, and then a solution containing 0.2 mL tolu-
ene and 5 mL universal buffer of pH 6.5 was added. The acid
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phosphatase activity assay was started by adding 1 mL solution
of 0.25 mM p-nitrophenyl phosphate and vortexing the mix-
ture. After incubation at 37 °C for 1 h, the reaction was termi-
nated by adding 1.0 mL 0.5 M CaCl2 and 4 mL 0.5 M NaOH.
The assay mixtures were filtered through Whatman No. 2 filter
papers. Acid phosphatase activity was determined using a spec-
trophotometer (Shimaszu, UV-Vis 1600, Japan) at 420 nm.

2.6. Statistical analysis

All data were analysed statistically by analysis of variance
using CoStat software (CoHort Software, Monterey, USA).
The comparisons of treatment means were conducted using an
ANOVA protected least significant difference (LSD) test at P <
0.05. 

3. RESULTS AND DISCUSSION

3.1. Plant growth and yield

Two-year field experiments were conducted to evaluate the
suitability of P and K rock application in combination with
inoculation of P- and K-solubilising bacteria as a sustainable
alternative to the use of conventional fertiliser for hot pepper
production. The results from both the 2001 and 2002 experi-
ments demonstrated that some treatments consistently
increased shoot, root, fruit yield and total dry weight production
of hot pepper per hectare as compared with the control (Tab. I)
The increases were 8–35% over the control (P < 0.05) and were
also consistent in the treatment order of:

(1) Soluble fertiliser: 21–35% increases,

Table I. Effects of PK rocks and PK-solubilising bacteria on plant growth and yield of hot pepper in the 2001 and 2002 growing seasons.
LSD0.05 = least significant difference at probability level of 5%; SF = soluble fertiliser; RP = rock phosphate powder; RK = rock potassium pow-
der; PSB = phosphate-solubilising bacteria; KSB = potassium-solubilising bacteria.

Treatment Shoot Root Fruit Total Yield

(g plant–1, dry base) Shoot Root Fruit Total

(t ha–1, dry base)

2001

Control 160.0 22.4 45.3 227.7 5.33 0.75 1.51 7.59

SF 201.4 27.3 61.1 289.8 6.71 0.91 2.04 9.66

RP 179.2 24.8 51.7 255.7 5.97 0.83 1.72 8.52

RK 167.9 22.6 49.3 239.8 5.60 0.75 1.64 7.99

RP + RK 181.5 25.9 53.7 261.1 6.05 0.86 1.79 8.70

PSB 163.6 23.2 46.3 233.1 5.45 0.77 1.54 7.77

KSB 159.9 21.5 45.8 227.2 5.33 0.72 1.53 7.57

PSB + KSB 170.2 24.2 47.1 241.5 5.67 0.81 1.57 8.05

RP + PSB 190.5 26.1 57.4 274.0 6.35 0.87 1.91 9.13

RK + KSB 181.7 24.8 54.9 261.4 6.06 0.83 1.83 8.71

RP + RK + PSB + KSB 195.2 26.5 59.2 280.9 6.51 0.88 1.97 9.36

LSD0.05 20.6 3.9 8.1 30.0 0.61 0.10 0.21 1.01

2002

Control 166.1 23.3 46.4 235.8 5.54 0.78 1.55 7.86

SF 210.1 28.5 62.2 300.8 7.00 0.95 2.07 10.03

RP 185.2 25.1 52.5 262.8 6.17 0.84 1.75 8.76

RK 171.3 24.5 50.2 246.0 5.71 0.82 1.67 8.20

RP + RK 187.7 26.1 53.9 267.7 6.26 0.87 1.80 8.92

PSB 173.2 23.8 48.7 245.7 5.77 0.79 1.62 8.19

KSB 162.3 22.4 44.9 229.6 5.41 0.75 1.50 7.65

PSB + KSB 178.5 24.7 49.2 252.4 5.95 0.82 1.64 8.41

RP + PSB 199.6 26.7 58.4 284.7 6.65 0.89 1.95 9.49

RK + KSB 190.1 24.8 54.6 269.5 6.34 0.83 1.82 8.98

RP + RK + PSB + KSB 203.4 28.6 60.3 292.3 6.78 0.95 2.01 9.74

LSD0.05 22.3 3.4 8.5 26.5 0.62 0.08 0.25 0.98
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(2) PK rocks and PK-solubilising bacteria: 17–30% increases,
(3) P rock and P-solubilising bacteria: 14–26% increases, and
(4) K rock and K-solubilising bacteria: 12–19% increases.
Although the differences among these treatments were not

significant (Tab. I). Although there was no difference among
the mentioned treatments in total dry matter yield in 2001,
application of PK rocks resulted in a lower increase in fruit yield
as compared with the use of soluble fertiliser in 2001, and also
of fruit and of total dry matter yield in 2002. The combination
of K rock and K-solubilising bacteria during both 2001 and
2002 increased dry weights of fruit and total plants per hectare
(P < 0.05), on average 19 and 14% over 1.53 t fruit ha–1 and
7.73 t total plant ha–1 in the control, respectively, which are
slightly higher than those increased by RK rock treatment (8
and 9%, respectively) (Tab. I). Soluble fertiliser and the com-
plete integration of PK rocks and PK-solubilising bacteria
increased fruit yield (P < 0.05) by 35 and 30%, respectively,
compared with the control, but were similar to each other. Rain-
fall and temperature were similar in both the 2001 and 2002
growing seasons (Fig. 1), and were probably adequate for hot
pepper growth: they did not cause a significant variation in
plant growth.

Soluble fertiliser, the combination of P rock powder and P-
solubilising bacteria, and the complete combination of PK
rocks and PK-solubilising bacteria consistently increased leaf
area (P < 0.05) by 34, 26 and 36%, respectively, over 2239 cm2

plant–1 in the control plants in 2001 and 2002 on average
(Fig. 2). Applications of PK rocks or the combination of P rock
powder and P-solubilising bacteria also increased hot pepper
leaf area compared with the control (P < 0.05), whereas the
application of RK was not significantly different from the con-
trol. No significantly larger leaf area was found following inoc-

ulation of P-solubilising bacteria and K-solubilising bacteria,
whether applied singly or combined together. 

Leaf photosynthetic activities demonstrated similar trends
to those of leaf area in response to applications of rock materials
and inoculation of PGPR (Fig. 3). There were higher photosyn-
thetic rates when measured at 20 weeks as compared with those
at 10 weeks, although there was no difference with respect to
leaf photosynthetic activity between the 2001 and 2002 grow-
ing seasons.

Our experiments demonstrated that the co-inoculation of
rock materials with Bacillus strains, P-solubilising bacteria and

Figure 1. Rainfall and temperature during the 2000 and 2001 growing
seasons. 

Figure 2. Effects of PK rock powder and PK-solubilising bacterial
strains on leaf area of hot pepper during the two growing seasons of
2001 and 2002. Means are shown  ± standard error (n = 4). SF = solu-
ble fertiliser; RP = rock phosphate powder; RK = rock potassium
powder; PSB = phosphate-solubilising bacteria; KSB = potassium-
solubilising bacteria. The complete combination of PK rocks and PK-
solubilising bacteria resulted in a similar leaf area to the application
of soluble fertiliser; both of them produced a 39.1% and 35.8% larger
leaf area, respectively, as compared with control. 

Figure 3. Effects of PK rock powder and PK-solubilising bacterial
strains on photosynthetic rate of hot pepper during the two growing
seasons of 2001 and 2002. Means are shown ± standard error (n = 4).
SF = soluble fertiliser; RP = rock phosphate powder; RK = rock potas-
sium powder; PSB = phosphate-solubilising bacteria; KSB = potas-
sium-solubilising bacteria. The combination of PK rocks and PK-
solubilising bacterial strains, and combination of P rocks and P-solu-
bilising bacteria produced a similar photosynthetic rate to the appli-
cation of soluble fertiliser; both of them resulted in a 16.8% and 16.7%
higher photosynthetic rate, respectively, as compared with control. 
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K-solubilising bacteria enhanced the solubilisation of phos-
phate and potassium rocks applied directly into soil which con-
tained low P and K nutrients. This serves as a viable alternative
to soluble P and K fertiliser to improve growth, photosynthesis
and yields of fruit, shoot and root of hot pepper. Synergistic
effects of combined inoculation of PGPRs have also been
reported in various crops, such as potatoes (Kundu and Gaur,
1980), rice (Tiwari et al., 1989) and sugar beet and barley
(Çakmakçi et al., 1999). Growth enhancement by Bacillus may
also be associated with its ability to produce hormones, espe-
cially IAA (Sheng and Huang, 2001), to produce siderophores
(Hu and Boyer, 1996), and to suppress pathogenic bacteria
(Zehnder et al., 2001; Anith et al., 2004). The increasing bio-
availability of P and K in soils with inoculation of PGPR or with
combined inoculation and rock material application has fre-
quently been reported (Omer, 1998; Wahid and Mehana, 2000;
Lin et al., 2002; Park et al., 2003; Anith et al., 2004), and may
lead to increased P uptake and plant growth. 

3.2. P and K availability

Applications of soluble fertiliser, complete PK rocks and
PK-solubilising bacterial strains, and PK rocks consistently
increased available P and K nutrients in the rhizosphere in 10
and 20 weeks over the control in both 2001 and 2002 (Tab. II).
P rock only increased available P in the 10 weeks of the first
year’s application; K rock application increased K availability
in both 10 and 20 weeks for the two years; whereas PK rocks
increased both P and K availability during most of the 10 and
20 weeks in both years. Sole applications of PGPR (singly or
in combination) did not affect the availability of P and K in the
rhizosphere. When P rock was combined with inoculation of
PK-solubilising bacteria and K rock with K-solubilising bac-

teria, the availability of P and K increased in the 10- and 20-
week observations for both years. This suggests that inoculated
bacterial strains successfully compete with existing natural
bacteria. Although competition with indigenous less-effective
rhizobia has been extensively studied in rhizobial inoculation
(Lopez-Gracia et al., 2002; Loh and Stacey, 2003), competition
in PGPR inoculants has not been intensively explored, since
some PGPR might also possess properties to suppress patho-
genic bacteria (Zehnder et al., 2001; Anith et al., 2004). Bac-
terial inoculation, which can improve P and K availability in
soils by producing organic acids and other chemicals, stimulated
growth and mineral uptake of plants (Alexander, 1977; Park
et al., 2003). Our experiment demonstrated that the synergistic
effects of co-inoculation of PK-solubilising bacteria integrated
with the direct application of PK rocks was not different with
regards to P and K availability in plots treated with industrial
fertiliser.

3.3. Acid phosphatase activity

Acid phosphatase activities in 20 weeks were consistently
higher than those in 10 weeks in both 2001 and 2002, but no
difference was observed in the activities between the two years
(Fig. 4). The highest phosphate activities occurred under solu-
ble fertiliser, PK rocks and PK-solubilising bacteria and the
combination of P rock and P-solubilising bacteria, which were
greater than those under the control (P < 0.05). Similar
increases in acid phosphatase activity have also been reported
in soils following inoculation with B. megaterium (Yao et al.,
2002), and with the bacteria B. brevis, B. polymyxa and Xan-
thononas maltophilia (de Freitas et al., 1997), as well as with
mycorrhizae (Fries et al., 1998; Jonathan et al., 2003) and earth-
worms (Wan and Wong, 2004).       

Table II. Effects of PK rocks and PK-solubilising bacteria on available P and K in rhizosphere soil, which contained low P and K nutrients, of
hot pepper grown at 10 and 20 weeks after transplanting during the two growing seasons of 2001 and 2002. LSD0.05 = least significant difference
at probability level of 5%; SF = soluble fertiliser; RP = rock phosphate powder; RK = rock potassium powder; PSB = phosphate-solubilising
bacteria; KSB = potassium-solubilising bacteria.

Treatments 2001 2002

10 weeks 20 weeks 10 weeks 20 weeks

P K P K P K P K

(mg kg–1 soil) (mg kg–1 soil)

Control 12.3 44.2 10.9 34.3 13.2 45.6 10.3 37.4

SF 15.5 53.7 12.3 39.2 16.3 53.4 12.0 43.3

RP 14.0 45.5 11.7 33.4 14.1 46.1 11.2 37.5

RK 13.2 47.3 11.1 36.8 13.9 48.7 11.1 40.9

RP + RK 14.1 48.2 11.9 38.4 14.6 49.4 11.3 40.2

PSB 12.6 42.6 9.6 31.6 13.3 44.4 10.9 34.7

KSB 12.5 44.1 9.8 31.1 12.9 45.9 10.7 36.7

PSB + KSB 12.9 45.3 10.4 31.8 13.7 45.7 10.8 35.8

RP + PSB 14.5 45.5 12.1 33.9 15.2 44.9 11.6 37.5

RK + KSB 13.9 49.7 11.0 37.5 13.3 52.1 10.8 41.6

RP + RK + PSB + KSB 15.0 50.2 12.6 38.9 15.5 53.6 11.6 43.0

LSD0.05 1.7 2.5 1.0 2.2 1.2 2.7 1.3 2.6
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3.4. Nutrient uptake

Total N, P and K uptakes by shoot, root and fruit of hot pep-
per were consistently increased (P < 0.05) by soluble fertiliser
and by the complete combination of PK rocks and PK-solubi-
lising bacteria, and almost as consistently increased (P < 0.05)
by the combination of P rock and P-solubilising bacteria and
by the combination of K rock and K-solubilising bacteria in
both 2001 and 2002 (Tab. III). The exception was the lack of
effect on total N uptake by PK rocks and P rock and P-solubi-
lising bacteria in 2002. In the two-year average, increases in
total N uptake were as high as 31% in soluble fertiliser and 28%
in the complete combination treatment over the control (178 kg
N uptake ha–1); in the case of P uptake, the highest average
increases were 47% in soluble fertiliser and 43% in the com-
plete treatment higher over 19.8 kg P ha–1 in the control;
whereas, in the case of K uptake, 52% in soluble fertiliser and
62% higher over 217 kg K ha–1 in the control (Tab. III). N, P
and K uptake in shoot, root and fruit organs demonstrated sim-
ilar patterns to those of the total N, P and K uptake, respectively.

The co-inoculation of PK-solubilising bacterial strains syn-
ergistically solubilised the PK rock powder added to the soil,

Table III. Effects of PK rocks and PK-solubilising bacteria on nutrient uptake of shoot, root and fruit of hot pepper in the 2001 and 2002 grow-
ing seasons. LSD0.05 = least significant difference at probability level of 5%; SF = soluble fertiliser; RP = rock phosphate powder; RK = rock
potassium powder; PSB = phosphate-solubilising bacteria; KSB = potassium-solubilising bacteria. 

Treatment Shoot (kg ha–1) Root (kg ha–1) Fruit (kg ha–1) Total (kg ha–1)

N P K N P K N P K N P K

2001

Control 135.5 13.4 187.2 11.9 1.4 16.5 28.5 4.7 15.8 175.9 19.5 219.5

SF 177.2 20.4 272.8 13.9 2.2 29.8 39.6 5.8 21.1 230.7 28.4 323.7

RP 155.3 16.2 231.2 13.2 1.8 23.4 34.5 5.7 19.3 203.0 23.7 273.9

RK 142.7 14.4 225.0 12.0 1.5 26.3 32.5 5.0 19.7 187.2 20.9 271.0

RP + RK 157.9 17.3 260.8 14.1 2.0 28.1 36.2 5.8 21.7 208.2 25.1 310.6

PSB 138.5 14.5 198.0 12.2 1.5 18.9 29.9 4.8 16.8 180.6 20.8 233.7

KSB 134.3 13.5 205.7 11.4 1.4 17.8 29.5 4.7 16.6 175.2 19.6 240.1

PSB + KSB 144.7 15.1 221.3 12.9 1.6 20.4 30.9 4.9 17.0 188.5 21.6 258.7

RP + PSB 166.4 18.4 250.8 14.3 2.0 24.3 38.2 6.0 22.4 218.9 26.4 297.5

RK + KSB 156.3 16.6 249.5 13.4 1.8 28.5 36.6 5.1 23.0 206.3 23.5 301.0

RP + RK + PSB + KSB 170.5 19.1 301.3 14.5 2.1 30.5 40.0 6.2 24.1 225.0 27.4 355.9

LSD0.05 29.1 2.5 60.9 2.0 0.4 9.1 7.7 1.0 4.8 32.0 4.1 74.6

2002

Control 139.0 14.0 177.7 11.3 1.5 20.3 30.6 4.5 17.2 180.9 20.0 215.2

SF 182.8 22.1 284.1 13.6 2.0 32.8 39.4 6.0 23.0 235.8 30.1 339.9

RP 156.2 17.5 224.7 12.4 1.8 24.5 36.4 5.4 20.8 205.0 24.7 270.0

RK 138.2 15.2 230.7 11.8 1.7 30.5 33.5 5.1 20.6 183.5 22.0 281.8

RP + RK 159.5 17.6 268.4 13.0 2.0 33.4 37.7 5.8 22.5 210.2 25.4 324.3

PSB 141.4 14.8 188.8 11.6 1.6 19.4 32.6 4.7 17.7 185.6 21.1 225.9

KSB 135.8 13.6 185.6 10.7 1.5 20.0 28.9 4.3 16.5 175.4 19.4 222.1

PSB + KSB 147.0 15.6 209.4 12.2 1.7 21.7 33.3 4.9 18.5 192.5 22.2 249.6

RP + PSB 173.0 20.1 255.5 13.3 2.2 25.7 38.3 5.8 23.6 224.6 28.1 304.8

RK + KSB 163.5 17.0 276.9 12.3 1.7 32.4 35.8 5.6 24.5 211.6 24.3 333.8

RP + RK + PSB + KSB 178.3 20.3 284.4 13.8 2.4 38.2 40.2 6.2 26.3 232.3 28.9 348.9

LSD0.05 16.0 3.5 85.3 1.6 0.4 10.0 6.9 1.3 5.1 40.5 5.3 60.2

Figure 4. Effects of PK rock powder and PK-solubilising bacterial
strains on acid phosphatase activity of hot pepper during the two
growing seasons of 2001 and 2002. Means are shown ± standard error
(n = 4). SF = soluble fertiliser; RP = rock phosphate powder; RK =
rock potassium powder; PSB = phosphate-solubilising bacteria; KSB
= potassium-solubilising bacteria. The combination of PK rocks and
PK-solubilising bacterial strains, and combination of P rocks and P-
solubilising bacteria resulted in a similar phosphatase activity to the
application of soluble fertiliser; both of them produced phosphatase
activity 2.5 and 2.6 times higher, respectively, as compared with control. 
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which contained low P and K nutrients, converting them into
forms much more available for uptake by plant roots. Higher
N, P and K uptake may subsequently promote photosynthetic
activity and plant growth. Increasing N uptake in our experi-
ment with inoculation with Bacillus may be related to the fact
that Bradyrhizobium sp., a genus which fixes atmospheric
nitrogen in symbiosis with legumes, is phylogenically closer to
Bacillus than to other rhizobial genera (Zakhia and de Lajudie,
2001; Anith et al., 2004). Therefore, the Bacillus strain used in
this study might have the capacity to fix atmospheric nitrogen.
It is known that P availability in soils is also important for the
uptake of N from soils and its utilisation in plants (Kim et al.,
2003). Therefore, it is also possible that more available P, due
to solubilisation by the inoculated PSB, may cause the enhance-
ment of N uptake.

4. CONCLUSION

Biofertilisers have been used as sources to improve plant
nutrients in sustainable agriculture. Our experiments were con-
ducted to evaluate the effects of soil fertilisation with PK rocks
and co-inoculation with PK-solubilising bacteria on the
improvement of P and K uptake and the growth and production
of hot pepper plants. The results demonstrated that there is
mostly no difference in N, P and K mineral availability and
uptake, plant photosynthesis, plant dry matter, and fruit yield
between application of soluble fertiliser and the complete inte-
gration of PK rocks and PK-solubilising bacteria. This suggests
that the use of rocks containing phosphate and potassium com-
bined with the co-inoculation of PK-solubilising bacterial
strains in soil with low fertility provides a sustainable alterna-
tive to the use of industrial fertilisers for hot pepper production. 
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