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Abstract

Field investigation was carried out during the Kharif season of 2025 at the Khar Land Research Station,

Panvel, Raigad, Maharashtra, to assess the influence of organic manures and fertilizer sources on soil

nutrient availability and nutrient content in rice (Oryza sativa L.) under coastal saline environments.

The experiment followed a factorial randomized block design with five organic manure treatments

(control, farmyard manure (FYM), Gliricidia, dhaincha, and bhend) and four fertilizer treatments (no

fertilizer, recommended dose of fertilizer (RDF), UB-DAP briquette, and Konkan Annapurna Briquette

(KAB)), replicated thrice. Soil samples were collected at the maximum tillering and harvest stages to

determine available nitrogen (N), phosphorus (P), and potassium (K), along with their contents in grain

and straw. Organic manure treatments significantly influenced soil available N and P at both stages,

while fertilizer application significantly affected nutrient contents in grain and straw. Among the or-

ganic manures, Gliricidia recorded the highest available N, whereas dhaincha recorded the highest

available P. The combination of dhaincha + KAB produced the highest available P at harvest (78.27 kg

ha–1), while dhaincha + UB-DAP recorded the highest available P at maximum tillering (85.11 kg ha–

1) stage. In grain, the integration of FYM + UB-DAP caused in the highest N content (1.79%), and

Gliricidia + KAB recorded significantly highest P content (0.35%). In straw, KAB application showed

the highest K content (0.43%), whereas RDF displayed the maximum K content in grain (0.24%).

Correlation analysis showed positive associations between soil available nutrients at both sampling

stages and nutrient contents in rice grain and straw. In general, the findings indicate that the combined

application of organic manures and fertilizer sources enhanced soil nutrient availability and nutrient ac-

cumulation in rice under coastal saline conditions.
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Introduction

Rice (Oryza sativa L.) is a major food crop in India, but its productivity in coastal regions is significantly de-

clined by soil salinity. Coastal saline soils of the Konkan region are impacted by seawater or creek-water in-

undation, saline groundwater, capillary rise of salts, and poor drainage. About 65,000 ha in Maharashtra are

affected by coastal salinity (Dodake et al., 2022
[1]

; Patil et al., 2024
[2]

) 
[1, 2]

. These areas face further risks

from tidal effects related with sea-level rise, poor-quality saline groundwater, and the occurrence of saline

and acidic soils, all of which hamper crop establishment and decline productivity (Dodake et al., 2022
[1]

,

2023
[3]

; Patil et al., 2024
[2]

; Khobragade et al., 2025
[4]

; Abhale et al., 2026
[5]

). Soil electrical conductivity

in the region varies from 1.69 to 31.29 dS m
−1

, representing substantial salinity stress (Patil et al., 2024
[2]

;

Rakhonde et al., 2024
[6]

, 2025
[7]

) 
[2, 6]

. Salinity carries out osmotic and ionic stresses on rice, limiting water

uptake and disturb the ionic balance and uptake of critical nutrients to the crop. Subsequently, sustaining sat-

isfactory nutrient availability and enhancing nutrient-use efficiency are life-threatening for supporting rice

production in coastal saline soils (Munns and Tester, 2008
[8]

; Patil et al., 2014
[2]

; Rakhonde et al., 2024
[6]

)

[8, 2, 6]
. Seasonal variation in water-soluble ions has also been reported in these soils, indicating dynamic

changes in salinity during the monsoon period (Gaikwad et al., 2025)
[9]

.

Organic manures can improve the fertility of salt-affected soils by delivering organic matter and nutrients

and by subsidiary microbial-mediated nutrient cycling (Abhale et al., 2024
[10]

, 2026
[5]

; Khobragade et al.,

2025
[4]

; Vanave et al., 2026
[11]

) 
[5, 10, 4]

. Farmyard manure and green manures such as Gliricidia and dhain-

cha increase nutrient mineralization and recover nutrient availability (Rathod et al., 2018
[12]

; Abhale et al.,

2024
[10]

, 2026
[5]

) 
[12, 10]

. In contrast, inorganic fertilizers offer readily available nutrients, but their efficacy

under flooded conditions depends on the source, timing, and method of application. Briquette-based fertil-

izer application has been shown to influence soil properties, nutrient concentration, and nutrient uptake in

rice (Bedse et al., 2021
[13]

; Wahane et al., 2022
[14]

, 2023
[15]

) 
[13, 14]

. Deep placement of fertilizer briquettes

progresses nutrient availability in the rice root zone and minimize nutrient losses. Earlier studies have re
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ported positive effects of briquette-based fertilization on nutrient up-

take and yield attributes of rice (Bedse et al., 2021
[13]

; Wahane et al.,

2023
[15]

) 
[13, 15]

. Research in coastal saline areas of Maharashtra has

also confirmed beneficial effects of organic amendments and fertilizer

briquettes on rice production and nutrient management (Khobragade

et al., 2025
[4]

; Abhale et al., 2026
[5]

; Vanave et al., 2026
[11]

) 
[4, 5, 11]

.

The integration of organic manures and efficient fertilizer sources

may therefore offer harmonizing benefits by refining soil nutrient

availability and nutrient uptake by rice under saline conditions.

However, information on the response of rice to different organic ma-

nure–fertilizer source combinations in the coastal saline soils of

Maharashtra remains limited. Therefore, the present study was under-

taken to evaluate the influence of farmyard manure (FYM),

Gliricidia, dhaincha, and bhend in combination with the recom-

mended dose of fertilizer (RDF), UB-DAP briquette, and Konkan

Annapurna Briquette (KAB) on soil nutrient availability and nitrogen

(N), phosphorus (P), and potassium (K) contents of rice under coastal

saline conditions at the Khar Land Research Station, Panvel, Raigad,

Maharashtra.

Materials and Methods

A field experiment was conducted during the Kharif season of 2025 at

the Khar Land Research Station, Panvel, District Raigad,

Maharashtra, on coastal saline soil. The experimental site is located at

18°59′ N latitude and 73°10′ E longitude, about 5 m above mean sea

level and about 50 m from the Arabian Sea. The region experiences a

hot and humid climate with annual rainfall exceeding 1,995  mm.

Before planting, a representative surface soil sample (0–22.5  cm

depth) was collected from the experimental field and analysed for ini-

tial fertility status. The soil was slightly acidic, with an electrical con-

ductivity of 4.0 dS m
–1

, available nitrogen of 118.20 kg ha
–1

, avail-

able phosphorus of 45.51  kg ha
–1

, and available potassium of

2,038.56 kg ha
–1

.

Rice (Oryza sativa L.) variety Panvel-1, developed by Dr. Balasaheb

Sawant Konkan Krishi Vidyapeeth, Dapoli from the cross IR 8 × BR

4-10, was used as the test crop. The crop was transplanted at a spac-

ing of 25 × 15 cm in plots (net plot) measuring 4 × 3 m. The experi-

ment was laid out in a factorial randomized block design (FRBD)

with five organic manure treatments (M0: control (no manuring), M1:

farmyard manure (FYM) @ 10 t ha
–1

, M2: Glyricidia (Gliricidia

sepium) green manure @ 10 t ha
–1

, M3: Dhaincha (Sesbania ac-

uleata) green manure @ 10 t ha
–1

 and M4: Bhend (Thespesia popul-

nea) green manure @ 10 t ha
–1

) and four chemical fertilizer treat-

ments (F0: control (no fertilizer/briquettes), F1: recommended dose of

fertilizer (RDF) @ 100:50:50  kg N: P2O5:K2O ha
–1

, F2: UB-DAP

briquette containing 34:18.4% N: P2O5 and F3: Konkan Annapurna

briquette (KAB) containing 34:14:06% N: P2O5: K2O) resulting in 20

treatment combinations, each replicated three times.

Representative surface soil samples (0–22.5 cm depth) were collected

from each treatment at 45 days after sowing (DAS) and again at crop

harvest. Composite samples were prepared by applying the quartering

method for soil sample collection. The samples were air-dried under

shade, gently crushed using a wooden mortar and pestle, and passed

through a 2  mm sieve for general analysis. The processed samples

were stored in plastic bags placed inside corrugated boxes until chem-

ical analyses. Available nitrogen was determined by the alkaline

potassium permanganate method (Subbiah et al., 1956)
[16]

. Available

phosphorus was estimated by the Olsen method using 0.5 M sodium

bicarbonate as the extracting solution (Olsen, 1954)
[17]

. Available

potassium was extracted with 1 N neutral ammonium acetate and

measured using a flame photometer (Jackson, 1973)
[18]

. For plant

analysis, total nitrogen was determined by the Micro-Kjeldahl

method, phosphorus by the vanadomolybdate yellow colour method,

and potassium by flame photometry after digestion of the plant mate-

rial, following the procedures described by Tandon (1993)
[19]

.

Results and Discussion

Data presented in Table 1 showed that soil available nitrogen (N) var-

ied from 132.04 to 206.66 kg ha
–1

 at the maximum tillering stage and

from 125.40 to 180.66 kg ha
–1

 at harvest. A reduction in available N

towards harvest was observed owing to crop uptake and soil N trans-

formations under submerged conditions. These values were compara-

ble with those reported by Abhale et al. (2024)
[10]

 for coastal saline

soils of Maharashtra. At maximum tillering, Gliricidia application

showed the highest mean available N (188.32 kg ha
–1

) compared to

dhaincha (184.83 kg ha
–1

) and bhend (180.89 kg ha
–1

), while the con-

trol recorded the lowest (151.36 kg ha
–1

). The higher N availability

under Gliricidia and dhaincha was related with their easily decompos-

able, N-rich residues and speedy mineralization (Bhatt, 2023
[20]

;

Rakhonde et al., 2024
[6]

; Lyu et al., 2024
[21]

) 
[20, 6, 21]

. At harvest,

bhend application observed the highest mean available N (169.38 kg

ha
–1

), followed by Gliricidia (162.60  kg ha
–1

) and dhaincha

(161.46  kg ha
–1

), while the control recorded the lowest (142.31  kg

ha
–1

). The higher residual N under bhend may have reflected because

of continued decomposition of its organic residues.

Table 1. Effect of different manures and fertilizers on soil available nitrogen (kg ha
–1

) at various growth stages of rice

Tr. Maximum Tillering Stage At Harvest

F0 F1 F2 F3 Mean F0 F1 F2 F3 Mean

M0 132.04 163.94 154.83 154.65 151.36 125.40 155.37 143.21 145.24 142.31

M1 154.19 168.78 156.69 156.45 159.03 160.01 152.69 160.81 158.20 157.93

M2 158.70 206.66 203.03 184.90 188.32 162.71 157.82 161.67 168.18 162.60

M3 157.33 197.30 197.13 187.55 184.83 170.34 156.27 165.06 154.18 161.46

M4 151.44 195.58 191.51 185.04 180.89 169.02 178.37 160.66 169.47 169.38

Mean 150.74 186.45 180.64 173.72 157.50 160.11 158.28 159.06

O.M. C.F. C.F. × O.M. O.M. C.F. C.F. × O.M.

S.E.± 3.1 2.77 6.2 2.39 2.14 4.78

C.D.@5% 8.88 7.94 NS 6.84 NS 13.67

Fertilizer treatments significantly influenced available N at maximum

tillering but not at harvest. The recommended dose of fertilizer (RDF)

recorded the highest mean available N (186.45 kg ha
–1

) in compari-

son to UB-DAP (180.64  kg ha
–1

), while the no-fertilizer treatment

recorded the lowest (150.74 kg ha
–1

). At harvest, available N varies

from 157.50 to 160.11 kg ha
–1

 across fertilizer treatments, signifying

that treatment differences had mostly reduced by crop maturity. The

organic manure × fertilizer interaction was non-significant at maxi-

mum tillering but significant at harvest. Gliricidia + RDF recorded

the highest numerical value at maximum tillering (206.66  kg ha
–1

),

whereas bhend + UB-DAP recorded the highest available N at harvest

(180.66  kg ha
–1

), followed by bhend + RDF (178.37  kg ha
–1

). The

higher residual N under these blends advised a constant involvement

from both organic residue decomposition and fertilizer N supply.

Comparable effects of integrated nutrient management on soil N

International Journal of Research in Agronomy https://www.agronomyjournals.com
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availability have been reported by Kumar et al. (2024)
[22]

, Hou et al.

(2023)
[23]

, and Zhong et al. (2024)
[24]

.

Soil available phosphorus (P) fluctuated from 51.98 to 78.27 kg ha
–1

at the maximum tillering stage and from 52.26 to 85.11  kg ha
–1

 at

harvest, with overall increase towards harvest (Table 2). This differ-

ence may be related with P mineralization and redox-induced trans-

formations of Fe-associated P under submerged conditions (Abhale et

al., 2026)
[5]

. The observed values were similar with those reported by

Rakhonde et al. (2024)
[6]

 and Abhale et al. (2024)
[10]

 for coastal

saline soils of Maharashtra. Organic manure treatments significantly

enhanced available P at both stages. Dhaincha recorded significantly

highest mean available P at maximum tillering (71.21 kg ha
–1

) and at

harvest (78.20 kg ha
–1

), while the control recorded the lowest values

(56.84 and 63.69 kg ha
–1

, respectively). The higher P under dhaincha

was linked with the decomposition of nutrient-rich biomass and

greater P mineralization and mobilization (Gu et al., 2024) 
[25]

.
[25]

Fertilizer application also significantly improved available P at both

stages. Konkan Annapurna Briquette (KAB) showed the highest mean

at maximum tillering (68.03  kg ha
–1

), while UB-DAP showed the

highest value at harvest (78.38  kg ha
–1

). The stage-dependent re-

sponse might have shown differences in P release and transformation

under flooded conditions. The organic manure × fertilizer interaction

was significant at both stages. At maximum tillering, dhaincha +

KAB recorded the highest available P (78.27 kg ha
–1

), while at har-

vest, dhaincha + UB-DAP recorded the highest value (85.11 kg ha
–1

).

The lowest values at both stages were recorded under the unfertilized

and unmanured control (51.98 and 52.26 kg ha
–1

). Significant higher

P under the integrated treatments designated corresponding effects of

organic residue decomposition and fertilizer-derived P supply. Similar

benefits of integrated nutrient management on P availability have

been reported by Hou et al. (2023)
[23]

.

Table 2. Effect of different manures and fertilizers on soil available phosphorus (kg ha
–1

) at various growth stages of rice

Tr. Maximum Tillering Stage At Harvest

F0 F1 F2 F3 Mean F0 F1 F2 F3 Mean

M0 51.98 61.67 59.07 54.64 56.84 52.26 60.78 72.73 69.01 63.69

M1 58.78 64.77 61.05 65.65 62.56 63.82 65.35 75.10 73.76 69.51

M2 60.97 68.33 68.62 73.00 67.73 70.03 71.43 83.68 79.64 76.20

M3 62.98 68.72 74.86 78.27 71.21 71.28 73.88 85.11 82.53 78.20

M4 57.94 67.25 61.40 68.57 63.79 66.45 65.52 75.27 72.58 69.95

Mean 58.53 66.15 65.00 68.03 64.77 67.39 78.38 75.50

O.M. C.F. C.F. × O.M. O.M. C.F. C.F. × O.M.

S.E.± 0.17 0.15 0.35 0.26 0.24 0.53

C.D.@5% 0.49 0.44 0.99 0.76 0.68 1.51

Soil available potassium (K) ranged from 1,318.50 to 1,655.00 kg ha
–

1
 at the maximum tillering stage and from 1,133.97 to 1,452.93  kg

ha
–1

 at harvest, with a general decline towards harvest attributable to

advanced crop uptake (Table 3). Organic manure, fertilizer source,

and their interaction meaningfully influenced available K at maxi-

mum tillering; however, the fertilizer effect was non-significant at

harvest. Among the organic manures, farmyard manure (FYM)

recorded the highest mean available K at maximum tillering

(1,549.68 kg ha
–1

), whereas dhaincha confirmed the highest value at

harvest (1,421.08 kg ha
–1

). Among the fertilizer treatments, the rec-

ommended dose of fertilizer (RDF) proved the highest mean at maxi-

mum tillering (1,565.25 kg ha
–1

). The highest interaction values were

observed under FYM + RDF (1,655.00 kg ha
–1

) at maximum tillering

and under dhaincha + no fertilizer (1,453.57 kg ha
–1

) at harvest, al-

though the unfertilized and unmanured control normally recorded the

lowest values. The higher available K under organic amendments was

linked with K release and recycling during residue decomposition.

Similar enhancements in soil K cycling under organic and integrated

nutrient management have been reported by Wang et al. (2023)
[26]

.

The observed variation in soil K was also consistent with the dynamic

distribution of K fractions reported for coastal soils of Raigad district

(Rakhonde et al., 2024
[6]

, 2025
[7]

, 2025
[27]

; Abhale et al., 2026
[5]

) 
[7,

6]
.

Table 3. Effect of different manures and fertilizers on soil available potassium (kg ha
–1

) at various growth stages of rice

Tr. Maximum Tillering Stage At Harvest

F0 F1 F2 F3 Mean F0 F1 F2 F3 Mean

M0 1318.50 1442.70 1454.20 1427.40 1410.70 1143.97 1364.47 1388.23 1452.93 1337.40

M1 1485.93 1655.00 1509.00 1548.80 1549.68 1372.03 1400.40 1381.63 1366.70 1380.19

M2 1437.43 1503.80 1482.20 1559.43 1495.72 1401.10 1423.37 1404.13 1425.47 1413.52

M3 1435.50 1587.80 1559.40 1503.40 1521.53 1453.57 1437.30 1390.70 1402.77 1421.08

M4 1383.93 1636.97 1560.07 1442.77 1505.93 1449.33 1394.03 1394.10 1401.43 1409.73

Mean 1412.26 1565.25 1512.97 1496.36 1364.00 1403.91 1391.76 1409.86

O.M. C.F. C.F. × O.M. O.M. C.F. C.F. × O.M.

S.E.± 14.41 12.89 28.82 15.59 13.95 31.19

C.D.@5% 41.25 36.9 82.51 44.64 NS 89.28

Nutrient content in plant parts

Nitrogen concentration in rice straw and grain was significantly influ-

enced by organic manure and fertilizer sources. Straw N ranged from

0.93% under farmyard manure (FYM) to 1.04% under Gliricidia,

while grain N ranged from 1.35% under the control to 1.52% under

Gliricidia (Table 4). Among the fertilizer treatments, Konkan

Annapurna Briquette (KAB) showed the highest straw N (1.03%),

while UB-DAP had the highest grain N (1.56%). The organic manure

× fertilizer interaction was non-significant for straw N but significant

for grain N, with the highest grain N concentration (1.79%) observed

International Journal of Research in Agronomy https://www.agronomyjournals.com
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under FYM + UB-DAP. The higher N concentration under integrated

nutrient treatments was linked with better N availability and uptake,

mainly during grain development. Alike effects of integrated nutrient

management on N uptake and accumulation in rice have been opined

by Bhardwaj et al. (2023)
[28]

 and Shukla et al. (2024)
[29]

.

Table 4. Effect of different manures and fertilizers on plant nitrogen content (%) at harvest stages of rice

Tr Straw (%) Grain (%)

F0 F1 F2 F3 Mean F0 F1 F2 F3 Mean

M0 0.84 0.99 1.07 0.99 0.97 1.10 1.26 1.58 1.45 1.35

M1 0.90 0.91 0.94 0.97 0.93 1.38 1.43 1.79 1.42 1.51

M2 0.92 1.10 1.07 1.07 1.04 1.43 1.54 1.57 1.55 1.52

M3 0.91 0.94 0.98 1.05 0.97 1.43 1.57 1.46 1.51 1.49

M4 0.97 1.05 1.06 1.05 1.03 1.35 1.49 1.38 1.42 1.41

Mean 0.91 1.00 1.02 1.03 1.34 1.46 1.56 1.47

O.M. C.F. C.F. × O.M. O.M. C.F. C.F. × O.M.

S.E.± 0.02 0.01 0.03 0.02 0.02 0.05

C.D.@5% 0.05 0.04 NS 0.07 0.06 0.14

Table 5. Effect of different manures and fertilizers on plant phosphorus content (%) at harvest stages of rice

Tr. Straw (%) Grain (%)

F0 F1 F2 F3 Mean F0 F1 F2 F3 Mean

M0 0.06 0.12 0.13 0.12 0.11 0.10 0.30 0.27 0.21 0.22

M1 0.11 0.11 0.13 0.12 0.12 0.19 0.21 0.32 0.21 0.23

M2 0.11 0.13 0.13 0.13 0.13 0.16 0.22 0.20 0.35 0.23

M3 0.11 0.12 0.12 0.13 0.12 0.20 0.24 0.23 0.21 0.22

M4 0.11 0.13 0.12 0.14 0.13 0.19 0.23 0.31 0.23 0.24

Mean 0.101 0.120 0.125 0.127 0.17 0.24 0.27 0.24

O.M. C.F. C.F. × O.M. O.M. C.F. C.F. × O.M.

S.E.± 0.01 0.005 0.01 0.02 0.02 0.04

C.D.@5% NS 0.01 NS NS 0.05 0.11

Phosphorus concentration in rice straw and grain was significantly af-

fected by organic manure and fertilizer sources. Straw P ranged from

0.11% under the no-manure treatment to 0.13% under farmyard ma-

nure (FYM), Gliricidia, and bhend, however grain P ranged from

0.22% under the control and dhaincha to 0.24% under bhend (Table

5). Among the fertilizer sources, Konkan Annapurna Briquette (KAB)

had the highest straw P (0.127%), but UB-DAP showed the highest

grain P (0.27%). The manure × fertilizer interaction was non-signifi-

cant for straw P but significant for grain P. The highest grain phospho-

rus (P) content (0.35%) was observed under Gliricidia + Konkan

Annapurna Briquette (KAB), followed by bhend + UB-DAP (0.31%).

The greater P concentration under integrated nutrient management di-

rected better P availability and uptake subsequent from the corre-

sponding effects of organic residue decomposition and fertilizer-de-

rived P supply. Similar improvements in P uptake under integrated

nutrient management have been reported by Mitran and Mani (2017)

[30]
 and Liu et al. (2024)

[31]
.

Potassium (K) concentration in rice straw and grain was influenced

primarily by fertilizer sources, while the effect of organic manures

was less pronounced. Straw K varied from 0.35% under the no-ma-

nure treatment to 0.41% under dhaincha, however grain K ranged

from 0.16% under the control to 0.23% under bhend (Table 6).

Among the fertilizer sources, KAB recorded the highest straw K

(0.43%), while the recommended dose of fertilizer (RDF) showed the

highest grain K (0.24%).

Table 6. Effect of different manures and fertilizers on plant potassium content (%) at harvest stages of rice

Tr Straw (%) Grain (%)

F0 F1 F0 F1 F0 F1 F0 F1 F0 F1

M0 0.28 0.36 0.34 0.43 0.35 0.12 0.18 0.16 0.18 0.16

M1 0.32 0.41 0.37 0.45 0.39 0.20 0.23 0.20 0.24 0.22

M2 0.39 0.37 0.33 0.40 0.37 0.18 0.25 0.23 0.23 0.22

M3 0.34 0.41 0.42 0.46 0.41 0.20 0.21 0.20 0.24 0.21

M4 0.39 0.39 0.38 0.40 0.39 0.20 0.23 0.22 0.26 0.23

Mean 0.34 0.39 0.37 0.43 0.18 0.22 0.20 0.23

O.M. C.F. C.F. × O.M. O.M. C.F. C.F. × O.M.

S.E.± 0.02 0.02 0.04 0.01 0.01 0.02

C.D.@5% NS 0.05 NS 0.03 0.03 NS

(continued on next page)

International Journal of Research in Agronomy https://www.agronomyjournals.com
2
6
1
8
0
6
1
8
, 2

0
2
6
, 9

(
9
)
, D

o
w

n
lo

a
d
e
d
 f

r
o
m

 h
ttp

s
://w

w
w

.d
o
i.o

rg
/1

0
.3

3
5
4
5
/2

6
1
8
0
6
0
X

.2
0
2
6
.v

9
.i9

s
.6

7
1
2
 b

y
 I

n
te

r
n
a
tio

n
a
l J

o
u
r
n
a
l o

f
 R

e
s
e
a
r
c
h
 in

 A
g
r
o
n
o
m

y
 o

n
 [

2
9
/0

9
/2

0
2
6
]
. S

e
e
 th

e
 T

e
r
m

s
 a

n
d
 C

o
n
d
itio

n
s
 (

h
ttp

s
://w

w
w

.a
g
r
o
n
o
m

y
jo

u
r
n
a
ls

.c
o
m

)
 f

o
r
 r

u
le

s
 o

f
 u

s
e
; O

A
 a

r
tic

le
s
 a

r
e
 g

o
v
e
r
n
e
d
 b

y
 th

e
 a

p
p
lic

a
b
le

 C
r
e
a
tiv

e
 C

o
m

m
o
n
s
 L

ic
e
n
s
e

1426



The manure effect was non-significant for straw K but significant for

grain K, whereas the manure × fertilizer interaction was non-signifi-

cant for both straw and grain K. Numerically, the highest straw K

(0.46%) was recorded under dhaincha + KAB and the highest grain K

(0.26%) under bhend + KAB. The higher K concentration under fer-

tilized treatments showed improved K availability and uptake, while

organic manure application associated to nutrient recycling through

residue decomposition. Similar improvements in K uptake under inte-

grated nutrient management have been reported by Sethi et al. (2024)

[32]
, Shukla et al. (2024)

[29]
, and Liu et al. (2024)

[31]
.

Correlation among soil available nutrients and content

Correlation analysis showed positive relationships between soil avail-

able nitrogen (N), phosphorus (P), and potassium (K) at the maximum

tillering and harvest stages, as well as with nutrient contents in rice

grain and straw (Table 7). Soil available N at maximum tillering had a

strong positive association with soil available P (r = 0.726**) and a

moderate positive relationship with soil available K (r = 0.513**).

Likewise, soil available P at harvest was positively associated with

soil available K at harvest (r = 0.446**), signifying interrelationships

among the available macronutrients during rice growth. Among the

relationships between soil nutrients and grain nutrient contents, soil

available P at maximum tillering shown the solid positive correlation

with grain N (r = 0.580**), followed by soil available P at harvest (r

= 0.288**). Grain K was positively related with soil available N at

harvest (r = 0.469**), soil available P at maximum tillering (r =

0.494**), and soil available K at maximum tillering (r = 0.316**).

Grain P had positive correlations with soil available N, P, and K at

both sampling stages, though the strength of these relationships

varied.

Nutrient concentrations in rice straw also had positive relationships

with soil nutrient availability. Straw N was strongly associated with

soil available N at maximum tillering (r = 0.589**) and positively

correlated with soil available P at harvest (r = 0.457**). Straw P had

positive relationship with soil available N at maximum tillering (r =

0.468**) and soil available P at harvest (r = 0.491**). Straw K

showed moderately weak relationships with soil nutrient availability;

the relationship between straw K and soil available K at harvest was

non-significant (r = 0.087). Among plant nutrient contents, grain N

was positively associated with grain P (r = 0.384**), but straw N was

positively correlated with straw P (r = 0.496**). Grain and straw nu-

trient contents also had positive relationship with one another, but the

strength of the relationships varied across nutrients. Similar relation-

ships between soil nutrient availability,

Table 7. Correlation coefficients among soil available N, P and K at maximum tillering and harvest and nutrient content in rice grain and straw.

Properties Available N Available P Available K Grain N Grain P Grain K Grain N Grain P Grain K

MT HS MT HS MT HS

Available N MT 1.000

HS 0.355** 1.000

Available P MT 0.726** 0.400** 1.000

HS 0.584** 0.340** 0.741** 1.000

Available K MT 0.513** 0.308** 0.507** 0.350** 1.000

HS 0.240** 0.387** 0.298** 0.446** 0.256** 1.000

Content in

grain

N 0.332** 0.205** 0.374** 0.580** 0.406** 0.414** 1.000

P 0.266** 0.120** 0.212** 0.288** 0.346** 0.244** 0.384** 1.000

K 0.428** 0.469** 0.494** 0.385** 0.316** 0.321** 0.171** 0.250** 1.000

Content in

straw

N 0.589** 0.225** 0.422** 0.457** 0.213** 0.301** 0.358** 0.309** 0.309** 1.000

P 0.468** 0.416** 0.411** 0.491** 0.278** 0.387** 0.430** 0.327** 0.357** 0.496** 1.000

K 0.289** 0.185** 0.345** 0.296** 0.210** 0.087ns 0.171** 0.087ns 0.184** 0.001ns 0.277** 1.000

MT = Maximum tillering stage, HS = Harvest stage, * Correlation is

significant at the 0.05 level (2-tailed), ** Correlation is significant at

the 0.01 level (2-tailed), ns = non-significant

nutrient uptake, and rice productivity have been documented under

integrated nutrient management systems (Mi et al., 2018
[33]

; Jun et

al., 2022 (Xie et al., 2022) 
[34]

) 
[34, 33]

. These findings showed that

soil nutrient availability was correlated with nutrient accumulation in

rice grain and straw, but the observed relations did not find contribut-

ing relationships.

Conclusion

The study confirmed that the integrated application of organic ma-

nures and fertilizer sources improved soil nutrient availability and nu-

trient concentration in rice under coastal saline conditions. Among the

organic manures, Gliricidia and dhaincha showed positive effect in

improving available nitrogen (N) and phosphorus (P), respectively.

Fertilizer sources enhanced soil nutrient availability and plant nutrient

concentration, with responses varying according to the nutrient and

growth stage. Among the integrated treatments, farmyard manure

(FYM) + UB-DAP showed the highest grain N concentration

(1.79%), while Gliricidia + Konkan Annapurna Briquette (KAB) had

the highest grain P concentration (0.35%). KAB confirmed the high-

est straw potassium (K) concentration (0.43%), but the recommended

dose of fertilizer (RDF) showed the highest grain K concentration

(0.24%). Correlation analysis further discovered positive relationship

between soil nutrient availability and nutrient content in rice grain

and straw. In general, the findings showed that integrated nutrient

management can improve soil nutrient status and nutrient accumula-

tion in rice grown under coastal saline conditions. Nevertheless, as

the study was conducted for a single season, the findings are prelimi-

nary and require further confirmation through long-term and multi-

season experiments under varying coastal saline conditions.
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