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ABSTRACT

A field experiment was carried out in kharif, 2024 at Agricultural Research Station, Adilabad, to study
the effect of phosphorus levels and PSB strains on growth, yield and nutrient uptake of soybean. The
soil of the experimental site was clay-textured, slightly alkaline in reaction, with medium organic
carbon content. Low in available nitrogen, medium in available phosphorus and high in available
potassium. The experiment was laid out in a factorial randomized block design with three replications.
Factor A included, Py: Control; Py: 20 kg P,Os ha™; P,: 40 kg P,Os ha™; and P5: 60 kg P,Os ha™. Factor
B included B;: uninoculated; B,: Bacillus subtilis and B3: Pseudomonas flourescens. Significantly
higher growth parameters, yield, nutrient content and uptake, as well as soil microbial and enzymatic
activities were recorded with the application of 60 kg P,Os ha™. The inoculation of Bacillus subtilis
PSB strain recorded higher growth parameters, yield, nutrient content and uptake, soil microbial and
enzymatic activities. Significantly higher cost of cultivation and net returns were recorded with 60 kg
P,Os ha and inoculation of Bacillus subtilis. The interaction of 60 kg P,Os with Bacillus subtilis
recorded higher root biomass.
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Soybean (Glycine max L.) is often called a

Introduction other legumes. While fertilizers help meet these high

nutrient demands, using them continuously and in an

“golden bean,” “miracle crop,” and “yellow jewel”. It
contains about 20-22% oil and 40-44% protein,
making it one of the most affordable sources of good-
quality protein (Virk et al., 2023). The Ministry of
Agriculture and Farmers Welfare of India estimates
soybean production in India for 2025 at 151.32 lakh
tonnes. This is higher than the previous year's
production of 130.62 lakh tonnes. Maharashtra is the
leading state in soybean production (Department of
Agriculture & Farmers Welfare, 2024).

Soybean thrives in sandy loam to clay soils,
particularly when the pH ranges between 5.5 and 7.0.
Soybean grows quickly and needs more nutrients than

unbalanced way can harm soil health (Virk et al.,
2023). After nitrogen, phosphorus (P) is the second
most important nutrient for plant development (Alayar
et al., 2020). Phosphorus is involved in essential
biological processes such as photosynthesis,
respiration, and  protein  activation  through
phosphorylation. It also acts as a structural component
of energy-transfer molecules like ATP and NADPH, in
the Calvin cycle during photosynthesis (Hashida and
Yamada, 2019). Root improvement, stalk and stem
vigor, flower and seed formation, crop production,
crop maturity and resistance to plant pests and diseases
are the attributes associated with phosphorus
availability. Phosphorus is needed in relatively large
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amounts by legumes for growth and has been reported
to promote leaf area, biomass, yield, nodule number
and nodule mass in different legumes (Chaudhary et
al., 2015).

Phosphate-solubilizing bacteria (PSB), as a
promising P solubilizer, can potentially raise the
productivity of agronomic crops in agroecological
niches (Tian et al., 2021). Phosphorus-solubilizing
bacteria secrete organic acids like citric acid, fumaric
acid, malic acid, and phosphatase enzyme activity,
which are responsible for phosphorus solubilization.
These strains of Pseudomonas, Bacillus, Aspergillus,
Penicillium, etc., are some known phosphate
solubilizers (Shrivastava et al., 2018). PSBs transform
the soil-bound phosphorus into more accessible forms
for plants and increase the bioavailability of nutrients.
Microbes by phosphorus cycling facilitate the
mineralization of organic phosphorus, solubilizing
insoluble inorganic forms, and enhancing plant uptake
(Pang et al., 2024).

Materials and Methods

A field experiment was conducted to determine
the effect of phosphorus levels and PSB strains on
growth, yield and nutrient uptake of soybean (Glycine
max (L.)) during kharif 2024 at Agricultural Research
Station, Adilabad. The field is in Telangana State's
Northern Zone and is 264 meters above mean sea level
(MSL), 19° 39" N latitude and 78° 32" E longitude. The
soil of the experimental site was Clay textured, slightly
alkaline (7.79), non-saline (0.19 dS m™), medium
organic carbon content (0.65%), low nitrogen
availability (164 kg ha'), medium phosphorus
availability (48.6 kg ha') and high potassium
availability (265 kg ha'). Recommended dose is
50:60:40 kg ha® of N, P,0s, K,O. At the time of
sowing, seed treatment was done with Bacillus subtilis
(10 ml kg™ seed) and Pseudomonas flourescens (10 ml
kg™ seed) with 5% jaggery. The seeds were dried in the
shade and sown immediately after drying. The soybean
variety used is AISb-50.

The experiment was laid out in FRBD (Factorial
randomized block design) consisting four levels of
Phosphorus Py, control; Py, 20 kg P,Os hat: P,, 40 kg
P,Os ha™; and Ps, 60 kg P,Os ha™ and three levels of
PSB strains B, uninoculated; B,, Bacillus subtilis and
B;, Pseudomonas flourescens, with a total number of
twelve treatments with three replications.

Statistical analysis of the data was carried out
using analysis of variance (ANOVA) appropriate for a
factorial randomized block design (FRBD), following
the methodology outlined by Gomez and Gomez
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(1984). Results were interpreted at a 5% level of
significance (P = 0.05). For parameters showing
significant differences in the F-test, the critical
difference (CD) was calculated to enable comparison
among treatment means.

Results and Discussion
Effect of phosphorus levels

As shown in table 1, the initial and final plant
population was higher with the application of 60 kg
P,Os ha™ over rest of phosphorus levels. The increase
in phosphorus levels linearly increased plant height
(25.2, 54.7, 63.1 and 60.9 cm) and dry matter
accumulation (4.3, 15.5, 19.6 and 19.9 g) was
significantly higher with 60 kg P,Os ha™ found to be at
par with 40 kg P,Os ha™ at 30 DAS, 60 DAS, 90 DAS
and at maturity, respectively. The significantly higher
root biomass was observed with 60 kg P,Os ha (0.81,
2.51, 3.09 and 3.97 g) at 30, 60, 90 DAS and at the
maturity stage of the crop over all other phosphorus
levels, respectively. This might be due to an adequate
phosphorus supply, which enhanced root development,
elongation, branching, and overall root mass, allowing
better growth parameters. Kaur et al. (2023), Hagmal
et al. (2023) and Feng et al. (2021) also observed
similar results.

Data pertaining (table 2) to the plots fertilized
with 60 kg P,Os ha™ attained 50% emergence (5.0
DAS), 50% flowering (44.2 DAS) and maturity (102.3
DAS) earlier than 0, 20 and 40 kg P,0s ha*. Likewise,
seed yield and haulm yield were recorded significantly
higher with 60 kg P,Os ha™* (2169 and 4456 kg ha™)
found to be at par with 40 kg P,Os ha™ (2107 and 4376
kg ha'). Phosphorus application accelerated the
production of photosynthates and their translocation
from source to sink, which ultimately resulted in higher
yield. These findings are in accordance with Pranav et
al. (2024), Ghasil et al. (2023) and Manoj et al. (2023).

Further, the application of phosphorus levels
exhibited significant effect on nutrient content and
uptake by seed and haulm as well as soybean (table 3).
The nitrogen and potassium content in seed and haulm
was recorded significantly highest with the application
of 60 kg P,Os ha™ but found to be at par with the
application of 40 kg P,Os ha™. Although, significantly
highest phosphorus content in seed was observed with
60 kg P,0s ha' and found to be at par with the
application of 40 kg P,Os ha™. The application of 60 kg
P,Os ha™ recorded significantly highest phosphorus
content in haulm over rest of the phosphorus levels.
Nitrogen uptake by seed, haulm and total uptake by
soybean was significantly highest with 60 kg P,Os ha™
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but found to be at par with the application of 40 kg
P,Os ha™*. However, phosphorus and potassium uptake
by haulm and total uptake by soybean was recorded
significantly highest with the application of 60 kg P,Os
ha® compared to all other treatments. This effect is
likely due to the improved availability of essential
nutrients to plants due to phosphorus supplementation,
improving overall P acquisition and translocation of
nutrients within the plant. The results are in close
conformity with Rao and Nagarjun (2024), Dhadave et
al. (2018) and Sahu et al. (2024).

Data (table 4) on available nitrogen and
phosphorus after soybean harvest were significantly
highest with 60 kg P,Os ha™ (185.3 and 56.4 kg ha™)
and found to be at par with the application of 40 kg
P,Os ha™*. The application of 60 kg P,Os ha™ recorded
significantly highest available potassium (259.5 kg ha’
) in soil after soybean harvest over all other
phosphorus levels. Regarding phosphorus budgeting
(table 5), positive gain of 15.2 kg ha™* was recorded in
the control compared to other phosphorus levels. Soil
microbial and enzymatic activities are significantly
influenced by the application of phosphorus levels. The
significantly highest SMBP and acid phosphatase
activity observed with the application of 60 kg P,Os ha’
1(20.3 pug g™ soil and 9.5 pug pNP g* h™) but found to
be at par with 40 kg P,Os ha™ (19.6 pg g™ soil and 9.4
ug pNP g™* h™). However, alkaline phosphatase activity
recorded significantly highest with 60 kg P,Os ha™
over rest of the phosphorus levels. Increased
phosphorus supply improved nitrogen mineralization,
stimulated microbial activity releasing enzymes into
rhizosphere promoting root uptake efficiency. Solangi
et al. (2024), Chauke et al. (2022) and Goswami et al.
(2019)

Higher cost of cultivation and net returns were
recorded with the application of 60 kg P,Os ha™ (Rs.
33567 ha® and Rs. 72709 ha™) but found to be at par
witlh 40 kg P,0s ha™ (Rs. 32569 ha® and Rs. 70690
ha™).

Effect of PSB strains

As shown in table 1, the initial and final plant
population was higher with the inoculation of Bacillus
subtilis compared to other treatments. The inoculation
of PSB strains showed significant effect on growth
parameters i.e., plant height (24.6, 53.1, 61.3 and 59.4
cm), dry matter accumulation (4.1, 14.7, 18.7 and 19.1
g plant™), root biomass (0.55, 2.09, 2.50 and 3.39 g
plant™) and significantly highest values were recorded
with Bacillus subtilis found to be at par with
Pseudomonas flourescens at 30 DAS, 60 DAS, 90
DAS and at maturity, respectively. Application of
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phosphate-solubilizing  bacteria (PSB) increased
growth parameters in soybean, possibly due to
increased phosphorus solubilization and release of
growth-promoting hormones, which further stimulate
stem elongation and increased biomass. The results are
in close conformity with Kore (2023), Rao and
Nagarjun (2024) and Javed et al. (2023).

Data pertaining (table 2) to the plots inoculated
with Bacillus subtilis attained 50% emergence (5.1
DAS), 50% flowering (44.3 DAS) and maturity (102.5
DAS) earlier than uninoculated and Pseudomonas
flourescens. Similarly, seed yield and haulm yield were
recorded significantly higher with Bacillus subtilis
(2047 and 4381 kg ha™) found to be at par with
Pseudomonas flourescens (1995 and 4310 kg ha™).
This increased phosphorus availability likely improved
nutrient uptake and supported better plant growth and
productivity. The results were in accordance with Kore
(2023), Shendage et al. (2020) and Sharma et al.
(2018).

Further, (table 3) the inoculation of PSB strains
exhibited significant effect on nutrient content and
uptake by seed and haulm as well as soybean. The
inoculation of Bacillus subtilis resulted in highest
nitrogen content in seed, phosphorus and potassium
content in haulm which was at par with Pseudomonas
flourescens. Significantly highest phosphorus content
in seed was attributed to inoculation of Bacillus subtilis
which was statistically superior over remaining PSB
treatments. Total nutrient uptake by soybean i.e.,
nitrogen (251.7 kg ha*), phosphorus (21.5 kg ha™) and
potassium (122.5 kg ha™) was significantly highest
with Bacillus subtilis found to be statistically superior
over remaining PSB treatments. This improvement is
likely due to the ability of PSB to convert insoluble
phosphorus into plant-available forms, thereby
promoting  better root development, nutrient
absorption, and overall plant growth. Rahangdale et al.
(2022), Sahu et al. (2024) and Shome et al. (2022).

Post harvest soil nutrient status was significantly
influenced by PSB strains (table 4). Available nitrogen
in soil after soybean harvest was significantly highest
with Bacillus subtilis (181.3 kg ha™) as compared to
both PSB treatments. Subsequently, available
phosphorus and potassium in soil after soybean harvest
recorded highest with Bacillus subtilis (54.3 and 248.7
kg ha') and found to be at par with Pseudomonas
flourescens (53.4 and 243.2 kg ha). Soil microbial
and enzymatic activities are significantly influenced by
the inoculation of PSB strains. The significantly
highest SMBP, alkaline and acid phosphatase activity
observed with inoculation of Bacillus subtilis (18.9 g
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g soil, 61.7 and 9.3 ug pNP g™ h™") but found to be at
par with Pseudomonas flourescens (18.7 ug g™ soil,
61.7 and 9.3 pug pNP g* h™). It might be due to
phosphate solubilization and the release of organic
acids, hormone production and mineralization. The
similar results were reported by Sahu et al. (2024),
Pradhan et al. (2017) and Hassan et al. (2017).

Higher cost of cultivation and net returns were
recorded with inoculation of Bacillus subtilis (Rs.
32171 ha™, Rs. 68108 ha™) but found to be at par with
Pseiudomonas flourescens (Rs. 32171 ha? Rs. 65568
ha™).

Interaction effect of phosphorus levels and PSB
strains:

Interaction effect on root biomass (g plant™) was
found to be significant with the application of
phosphorus levels and PSB strains at 60 DAS, 90 DAS
and at maturity stage which has been presented in the
table 1 (a). The significantly higher root biomass was
recorded with 60 kg P,Os ha? when inoculated with
Pseudomonas flourescens (2.72 g) and lower root
biomass was recorded with control when uninoculated
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(1.11 g) at 60 DAS. Further analysis of the data
revealed that significantly higher root biomass was
recorded with 60 kg P,Os ha? when inoculated with
Bacillus subtilis (3.19 and 4.24 g) and lower root
biomass was recorded with control when uninoculated
(1.28 g) at 90 DAS and with control when inoculated
with Bacillus subtilis (2.30 g) at maturity, respectively.
It might be due to the combined effect of phosphorus
application and inoculation of PSB strains, which
promoted the root initiation and development, leading
to an increase in root biomass. The results are in close
conformity with Pandey et al. (2022).

Conclusion

Based on the results of the present investigation
the following conclusions are drawn, the growth
parameters, yield, nutrient content and uptake, as well
as soil microbial and enzymatic activities, cost of
cultivation and net returns were significantly higher
with the application of 60 kg P,Os and inoculation of
Bacillus subtilis. Higher root biomass was obtained
with the application of 60 kg P,Os with Bacillus
subtilis.

Table 1: Growth parameters of soybean as influenced by phosphorus levels and PSB strains

Plant Dry matter accumulation

population Plant height (cm) y 1 Root biomass (g plant™)

Treatments (No. ha) (g plant™)
mnitial | Final 30 | 60 | 90 At_ 30 | 60 | 90 At_ 30 | 60 | 90 At_

DAS|DAS|DAS|Maturity| DAS|DAS|DAS|Maturity| DAS|DAS|DAS|Maturity
Factor A: Phosphorus levels (P)
Po: Control 214800|211200|23.3(46.3|54.3| 53.0 3.6 [12.8|15.6| 15.8 |0.24|1.34(1.75| 241
P,: 20 kg P,Os ha™ 214800|213500|23.8(49.4|56.2| 54.8 3.7 |{13.5|17.0| 17.2 |0.42(1.80({2.17| 2.93
P,: 40 kg P,0Os ha™ 214800/214000|24.9(54.1|161.3| 59.3 | 4.1|15.1(19.1| 195 |(0.69|2.25|2.81| 3.75
P5: 60 kg P,Os ha™ 214800|214200|25.2(54.7|63.1| 60.9 | 4.3 |155(19.6| 199 |(0.81|2.51|3.09| 3.97
S.Emz 300 110 |05 (12|15 0.9 010305 0.5 0.02(0.04|0.03| 0.05
CD (P=0.05) NS NS | NS |36 |45 2.6 03|08 |16 14 1]0.04|0.11|0.10| 0.14
Factor B: PSB strains (B)
B1: Uninoculated 214400|213000|24.0(48.2|55.4| 53.5 3.7 |13.6|16.6| 16.8 |0.52{1.79(2.38| 3.10
B,: Bacillus subtilis 215000|213400|24.6({53.1|61.3| 59.4 | 4.1 |14.7(18.7| 19.1 |[0.55|2.09|2.50( 3.39
By: Pseudomonas 215000|213300(24.3|52.0(59.5| 58.2 | 4.0 |14.5|18.1| 184 |0.54|2.04|2.48| 3.31
flourescens
S.Emz 200 900 |04 |11|13 0.8 010205 0.4 |0.01|0.03/0.03| 0.04
CD (P=0.05) NS NS | NS |32]|39 2.2 020714 1.3 NS |0.09|0.08| 0.12
Interaction (P*B)

S.Emz 400 | 1800 |09 |21 |27 15 0.2]05 |09 0.9 0.03(0.06/0.06| 0.08
CD (P=0.05) NS NS | NS | NS | NS NS NS | NS | NS NS NS |0.19|0.16| 0.24
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1 (a): Interaction effect of root biomass (g plant™) as influenced by phosphorus levels and PSB strains at 60 DAS,
90 DAS and at maturity

Root biomass at 60 DAS Root biomass at 90 DAS Root biomass at maturity
[%2] [%2] [%2]
ge] = @ ge] = @ ge] = @
3| 2|58l < | 3| 2|58|<s|3|%2|5¢8| s
Treatments S E =5 5 S E =5 5 S E =5 5
51382/ > |53 (83|53 |83
. o} L= . o} L= . o} L=
@ | S| d @ | § | d o &
Po: Control 111 | 146 | 144 | 134 | 1.28 | 1.76 | 222 | 1.75 | 241 | 230 | 251 | 241
P,: 20 kg P,Os ha™ 151 | 199 | 1.89 | 1.80 | 2.39 | 1.94 | 217 | 217 | 273 | 3.12 | 294 | 2.93
P,: 40 kg P,Os ha™ 229 | 235 | 210 | 225 | 277 | 3.09 | 256 | 2.81 | 3.52 | 3.88 | 3.84 | 3.75
Ps: 60 kg P,O5 ha™ 223 | 258 | 272 | 251 | 3.08 | 3.19 | 299 | 3.09 | 3.74 | 424 | 3.93 | 3.97
Mean 1.79 | 2.09 | 2.04 2.38 | 250 | 2.48 3.10 | 3.39 | 3.31
Factors S. Em#+ CD (P=0.05) S. Em#+ CD (P=0.05) S. Em#+ CD (P=0.05)
P*B 0.06 0.19 0.06 0.16 0.08 0.24
Table 2: Phenology, yield and economics of soybean as influenced by phosphorus levels and PSB strains
Days to Days to 50% | Daysto | Seed | Haulm | Cost of
Treatments emergence flowering | maturity | vyield yield | cultivation Net retu_rlns
(50% seedlings)| (DAS) | (DAS) |(kgha?)| (kg ha")| (Rs. ha?) | (RS-ha’)
Factor A: Phosphorus levels (P)
Po: Control 5.2 44.6 103.3 1736 4086 30575 54478
P,: 20 kg P,Os ha™ 5.2 44.6 103.3 1887 4228 31572 60875
P,: 40 kg P,Os ha™ 5.0 44.3 102.7 2107 4376 32569 70690
Ps: 60 kg P,0s ha™ 5.0 44.2 102.3 2169 4456 33567 72709
S.Em# 0.1 0.2 0.3 28 47 - 1348
CD (P=0.05) NS NS NS 81 137 - 3954
Factor B: PSB strains (B)
B,: Uninoculated 5.2 44.7 103.5 1883 4169 31871 60388
B,: Bacillus subtilis 5.1 44.3 102.5 2047 4381 32171 68108
B;: Pseudomonas flourescens 5.1 44.3 102.5 1995 4310 32171 65568
S.Em# 0.1 0.2 0.3 24 40 - 1167
CD (P=0.05) NS NS NS 70 119 - 3424
Interaction (P*B)
S.Em# 0.2 0.4 0.5 48 81 - 2335
CD (P=0.05) NS NS NS NS NS - NS

Table 3: N, P and K content and uptake of seed (kg ha™) and haulm (kg ha™) of soybean as influenced by
phosphorus levels and PSB strains

Seed Haulm Soybean uptake

Treatments Content Uptake Content Uptake

N|PIK|] NJP]JK|IN] P K] NIJPIK[NIJP] K
Factor A: Phosphorus levels (P)

Py: Control 4.0/0.59|1.44| 69.7 |10.3|25.1|2.9| 0.13 |1.69|118.8 |5.2|69.1|188.5|15.5| 94.1
P,: 20 kg P,Os ha™ 4.6|0.67|1.47| 86.3 |12.6|27.7|3.0| 0.15 |1.83|126.7 |6.2|77.5|212.9|18.8|105.2
P,: 40 kg P,Os ha™ 5.7/0.71/1.66 |119.6 |15.0|35.1|3.2| 0.17 |1.99|142.1|7.5|87.0|261.7 |22.5|122.2
Ps: 60 kg P,Os ha™ 5.8/0.72|1.75|125.4|15.738.1|3.3| 0.18 |2.14|148.3|8.0|95.7|273.7|23.7|133.8

S.Em# 0.1/0.01/0.04| 2.5 | 0.2 0.9 |0.1/0.003|0.06| 3.4 |0.1|25| 45 |03 ]| 25

CD (P=0.05) 0.3/0.02/0.11] 7.3 | 0.7 ] 2.6 |0.3| 0.01 |0.17| 10.1 |0.4| 7.2 | 131 |09 | 7.3

Factor B: PSB strains (B)
B,: Uninoculated 4.7|0.65]1.47| 90.2 |12.3|27.8|3.0| 0.15 |1.80|124.7 |6.2|75.1|214.9|18.5|102.9
B,: Bacillus subtilis 5.2/0.70|1.65|108.2|14.4|34.1|3.3| 0.16 |2.01|143.5|7.2|88.3|251.7|21.5|122.5
B;: Pseudomonas flourescens |5.1/0.67|1.62/102.3|13.5/32.5|3.1| 0.16 |1.93|133.7|6.9|83.5|236.0|20.4|116.0
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S.Em# 0.1/0.01/0.03| 2.2 | 0.2 0.7 |0.1/0.002|0.05| 3.0 [0.1|21| 39 |03]| 2.2

CD (P=0.05) 0.3|10.02|0.09| 6.4 | 0.6 | 2.2 |[NS| 0.01 |0.15| 8.7 |0.3|6.2 | 11.3 | 0.8 | 6.3
Interaction (P*B)

S.Em# 0.2]/0.01/0.06| 43 |04 |15 |0.2| 0.01 |0.10| 59 |0.2|43| 7.7 |05]| 4.3

CD (P=0.05) NS| NS|NS| NS |NS| NS |NS| NS |NS| NS [NSINS| NS | NS| Ns

Table 4: Soil chemical, microbial and enzymatic properties after soybean harvest as influenced by phosphorus

levels and PSB strains

Available (kg ha™) Alkaline Acid
Organic SMBP phosphatase phosphatase
Treatments pH carbon (%) | N |P,0s| K,O | (ug g™ soil) activity activity
(ug pNP g™ h™) | (g pNP g™ h™)
Factor A: Phosphorus levels (P)
Po: Control 8.0 0.42 168.9 | 48.3 | 224.5 16.1 45.8 8.8
P,: 20 kg P,Os ha™ 8.1 0.42 173.5| 51.0 | 234.6 17.3 54.2 9.1
P,: 40 kg P,Os ha™ 8.1 0.43 182.2 | 53.9 | 237.5 19.6 66.2 9.4
Ps: 60 kg P,Os ha™ 8.2 0.44 185.3 | 56.4 | 259.5 20.3 70.7 9.5
S.Em# 0.1 0.01 1.8 | 1.0 | 25 0.4 15 0.1
CD (P=0.05) NS NS 51 | 27 | 7.2 1.1 4.3 0.2
Factor B: PSB strains (B)
B,: Uninoculated 8.1 0.42 175.0 | 49.4 | 225.2 17.4 54.4 9.1
B,: Bacillus subtilis 8.2 0.43 181.3 | 54.3 | 248.7 18.9 61.7 9.3
Bs: Pseudomonas flourescens |8.1 0.43 176.1| 53.4 | 243.2 18.7 61.7 9.3
S.Em# 0.1 0.01 15 | 08 | 2.1 0.3 1.3 0.1
CD (P=0.05) NS NS 44 | 23 | 6.3 0.1 3.7 0.2
Interaction (P*B)
S.Em# 0.1 0.01 30 | 16 | 43 0.6 2.6 0.1
CD (P=0.05) NS NS NS | NS | NS NS NS NS
Table 5: Phosphorus budgeting (kg ha™)
Phosphorus Phosphorus
Initial Applied Total uptake by balance in Phosphorus
Treatment phosphorus | phosphorus | phosphorus crop soil gain/loss
(kg ha™) (kg ha™) (kgha®) | (Seed + haulm) (kg ha) (kg ha™)
(kg ha™) Actual | Expected
Py: Control 48.6 0.0 48.6 15.5 48.3 33.1 (+)15.2
P,: 20 kg P,Os ha™ 48.6 20.0 68.6 18.8 51.0 49.8 (+)1.2
P,: 40 kg P,Os ha™ 48.6 40.0 88.6 22.5 53.9 66.1 (-)12.2
Ps: 60 kg P,Os ha™ 48.6 60.0 108.6 23.7 56.4 84.8 (-)28.5
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