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Impact of long-term use of fertilizers and manure on
distribution of soil-inorganic phosphorus fractions
in a Vertisol

ABSTRACT

The field experiment was conducted during the kharif season under the AICRP on Long-Term
Fertilizer Experiment at the Research Farm, Department of Soil Science and Agricultural Chemistry,
JNKVV, Jabalpur (M.P.), India. The investigation was carried out to assess the distribution of P
fractions in Vertisol after the harvesting of the soybean crop. Eight treatments were imposed with four
replications in a simple randomized block design. The treatments were applied in combination with
different doses of fertilizer viz., T1 (50% NPK), T2 (100% NPK), T3 (150% NPK), T4 (100% N), T5
(100% NP), T6 (100% NPK+FYM), T7 (100% NPK-S), and T8 (control). Through the findings, the soll
pH and electrical conductivity (dS m-1) did not show significant changes even after the long-term
application of various fertilizer levels compared to their initial values. The treatment with 100% NPK +
FYM exhibited the highest organic carbon (g kg-1) content and available N, P, and K (kg ha-1) content
over the control. The various forms of phosphorus in the soil were observed in the following order: Ca-
P > Fe-P > Al-P > Occluded-P > Saloid-P . The Ca-P content was highest when 100% NPK fertilizer
and farmyard manure (FYM) were used together. The analysis showed that the presence of saloid-P
significantly influences the availability of phosphorus in Vertisol soil. Based on the current
investigation, it is recommended to use integrated nutrient management, which includes both 100%
NPK fertilizer and FYM, to prevent phosphorus deficiency in soybean cultivation in Vertisol.
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INTRODUCTION

Fertilisers are key inputs for enhancing agricultural output; however, their continuous and
improper application negatively impacts the health of the soil. Dwivedi et al. (2007) state that long-
term fertiliser experiments enable precise monitoring of changes in soil fertility and crop yield.This
facilitates the solution of highly complex issues related to soil fertility management. There arises a
concern that the prolonged application of chemical fertilisers could significantly reduce the fertility of
the soil. The integration of organic manures with inorganic fertilizers has the potential to not only
maintain crop productivity but also enhance soil health and nutrient utilisation efficiency (Thakur et al.,
2011).

Phosphorus is an important nutrient for maintaining the security of the global food supply,
and efficient utilization of phosphorus is very important because of its limited availability (Roberts and
Johnston., 2015). In black soils, a significant portion of the P fertilizer applied (around 80-85%)



becomes fixed in the soil, while only a small fraction (15-20%) becomes accessible to plants, as
reported by Dubey et al., (2016). To ensure the prudent use of P fertilizer, understanding how applied
P transforms into different forms such as saloid-P, aluminum P (Al-P), iron P (Fe-P), occluded P, and
calcium P (Ca-P) is crucial. The availability of P is determined by the distribution of these inorganic P
compounds, as highlighted by Bairwa et al., (2021).

Phosphorus in soils is present both in organic as well as in inorganic compounds with
aluminium (Al), iron (Fe), and calcium (Ca). The phosphorus supply to plants is influenced by these
substances (Tan, 1998). The phosphorus sorption isotherm facilitates the prediction of the efficiency
with which crops will utilise the labile inorganic P (fertiliser P) supply. It is generally known that
phosphate adsorption is influenced by a variety of soil characteristics, including clay concentration,
CaCOs,, organic matter, Al and Fe content, CEC, and the sources of P that are added to the soil. The
long-term fertilizer experiment was conducted with major attention to the yield performance of crops
that are under balanced and imbalanced manure and fertilizer applications in the soil fertility
management of a cropping sequence (Katyal 2015). In a permanent manorial experiment with the
long-term fertilizer experiment provides a very good opportunity to address the issue.

MATERIALS AND METHOD
Experimental site, Climate and Soil characteristics

The All India Coordinated Research Project on Long Term Fertilizer Experiment, funded by
ICAR, commenced in 1972 at the Department of Soil Science, Jawaharlal Nehru Krishi Vishwa
Vidyalaya in Jabalpur, Madhya Pradesh, India. The Jabalpur region has a distinct semi-arid and
subtropical climate with dry summers and cold winters. The experimental site is approximately 393
meters above mean sea level at 23° 10' N latitude and 79° 57" E longitude. The average temperature
throughout the winter season, which runs from November to February, is 4°C to 33°C, with a relative
humidity range of 70% to 90%. Generally speaking, the months of March to June are dry and warm.
The temperature can rise as high as 45°C in the summer and fall to below 5°C or 10°C in the winter.
Mid-June through mid-September is the monsoon season. The area receives 1350 mm of rain on
average each year. The experimental field featured medium black soil from the Kheri series, classified
as fine montmorillonitic hyperthermic Typic Hapluster, with a soil pH of 7.6, electrical conductivity of
0.18 dS m™ (measured at a 1:2.5 soil-to-water ratio), soil organic carbon content of 5.7 g kg™,
available nitrogen at 193 kg ha™, available phosphorus at 7.6 kg ha™, and available potassium at 370
kg ha™. This soil had a clay texture.

Table 1. Initial soil properties of the experimental site

Soil properties Value Reference

pH1:2.5 7.60 Jackson (1973)

Electrical conductivity (EC1:2.5) 0.18dSm™ Jackson (1973)

Organic carbon 579 kg™ Walkley and Black (1934)
Available N 193 kg ha™ Subbiah and Asija (1956)
Available P 7.60 kg ha™ Olsen et al. (1954)
Available K 370 kg ha™ Muhr et al. (1965)
Various phosphorus fractions

Saloid-P 2.6 mgkg”

Al-P 26.2mg kg’ | Peterson and Corey (1966)
Fe-P 41.5 mg kg™

Occluded-P 36.5mg kg™

Ca-P 87.5mg kg™

Treatments details

Table 2. The experiment comprised eight different treatments:

‘ Treatments




T, | 50% NPK

T, | 100% NPK

T3 | 150% NPK

T, | 100% NP

Ts | 100% N

Te | 100% NPK + 5t FYM ha™

T7 | 100% NPK — S (Sulphur-free)

Tg | Control

Table 3.Technical programme

Location : | Research Farm, Department of Soil Science and
Agricultural Chemistry, INKVYV, Jabalpur (M.P.)

Crop Soybean
Treatments 8
Replications 4

Experimental design

Randomized Block Design (RBD)

Experimental Area 146m x 58 m
Plot size 17 m X 10.8 m
Space between replication 2 meters
Space between plots 1 meter

Fertilizer doses (kg ha™) NPK

20:80:20 through Urea, SSP/DAP and MOP.

Each treatment was replicated four times in a randomized block design. For soybean cultivation, the
recommended fertilizer doses based on the initial soil test values were 20 kg N, 80 kg P,Os, and 20
kg K,O per hectare. Urea, single superphosphate, and muriate of potash were used as the sources of
nitrogen, phosphorus, and potassium, respectively. In the sulphur-free treatment (T;), diammonium
phosphate (DAP) was used instead of single superphosphate as the source of phosphorus. Farmyard
manure was applied at a rate of 5 tons per hectare per year, exclusively during the kharif season for
soybean crop. All recommended agricultural practices were followed to cultivate soybeans as per
standard recommendations.

Phosphorus fractions in soil

The procedure of Chang and Jackson (1957) as modified by Peterson and Corey (1966) was
followed for fractionation of soil phosphorus. The sequence of Saloid-P, Al-P, Fe-P, Occluded-P and
Ca-P from each sample was passed through a 60-mesh sieve.

The soil extractant for various fractions in sequence were as follow: -
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Saloid-P extracted by 1 N NH,CI solution

Al-P extracted by 0.5N NH,4F solution (buffered at pH 8.2)
Fe-P extracted by 0.1 N NaOH solution

Occluded-P extracted by 0.1N NaOH solution

Ca-P extracted by 0.5 N H,SO, solution
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Statistical analysis of the experimented data

The data were statistically analysed and correlations amongst various parameters were
computed as per standard procedure described by (Panse and Sukhatme, 1970).

RESULT AND DISCUSSION
Soil pH

The pH values ranged from 7.48 to 7.58, indicating that continuous cropping and fertilizer use
did not have a significant adverse effect on the soil pH. This could be attributed to the high buffering
capacity of the soil, as suggested by (Dwivedi and Dwivedi, 2015). The findings align with previous
research by Raghuwanshi et al., (2016).

Over the course of 50" years of continuous fertilizer additions and intensive cropping, no
significant alteration in soil pH was observed concerning depth. The soil's remarkable buffering
capacity, as noted by Suman et al., (2017), allowed it to effectively maintain its pH levels despite
these agricultural practices.

Soil EC

The initial soil electrical conductivity (EC) values, ranging from 0.15 to 0.20 dS/m, remained
largely unchanged throughout the study. The application of various fertilizer and manure doses did not
have a significant impact on the soil's EC in a Vertisol. Even the continuous use of synthetic fertilizers
over an extended period did not noticeably alter the soil's EC. The combined use of farmyard manure
(FYM) and fertilizers resulted in minimal changes, likely attributed to the addition of organic manure,
which enhanced the soil's buffering capacity, as reported by Gupta et al., (2019).

After the 50" years of continuous fertilizer addition, the soil's electrical conductivity (EC) did
not show significant changes concerning depth. These findings align with the research conducted by
Panwar et al., (2017), Suman et al., (2018), and Khandagle et al., (2019). All these studies reported
similar results, indicating no considerable alterations in soil EC due to the continuous application of
fertilizers.

Soil organic carbon

The data showed that the lowest organic carbon content 4.68 g kg'l was noted in control.
However, the organic carbon content improved significantly with proportionate increment in fertilizer
addition at 50% NPK (6.28 g kg™), 100% NPK (7. 27 g kg™) and 150% NPK (8.02 g kg™) doses. This
finding appeared to be due to enhanced root development of crop resulting higher residues as a result
of intensive farming with continuous fertilizer applications. These results are also in agreement with
the finding of Parihar et al. (2010) and Patel et al., (2018).

The application of 100% NPK+FYM, there was a noticeably higher level of soil organic
carbon (6.89 g kg'l) reported by Birla et al., (2015) showed that organic manures (FYM) were
discovered to be a practical option for improving soil organic carbon and nutrient turnover, thereby
improving nutrient availability in the soil, maintaining soil quality, and achieving sustainable
productivity. Similar results were also reported by Meshram et al., (2018) and Bagde et al., (2023).



Table 4. Impact of long-term use of fertilizers and manure on soil properties in surface and sub surface soils

Soil pH EC (dSm™) OC (g kg™) Available N (kg ha™) Available P (kg ha™) | Available K (kg ha™)

Treatments o795 cm™ [ 15-30 cm 0-15cm | 15-30cm | 0-15cm | 15-30cm | 0-15¢cm | 15-30cm | 0-15¢cm | 15-30cm | 0-15¢cm | 15-30 cm

Ty | 50% NPK 7.50 7.62 0.15 0.16 6.28 4.86 226 197 19.97 19.37 260 250
T2 | 100% NPK 7.55 7.63 0.17 0.18 7.27 5.83 292 220 33.64 30.12 302 286
Ts | 150% NPK 7.58 7.66 0.20 0.21 8.02 6.94 331 280 36.72 34.18 326 310
T, | 100% NP 7.53 7.63 0.16 0.16 6.74 5.32 267 205 29.71 27.73 252 243
Ts | 100% N 7.48 7.52 0.15 0.16 5.38 4.45 219 178 9.89 8.76 248 239

Te | 100% NPK
+FYM 7.54 7.62 0.16 0.17 8.94 7.11 340 285 37.53 35.62 336 315

T, | 100% NPK

-S 7.56 7.64 0.17 0.18 7.21 5.43 275 210 30.87 28.18 296 278
T | Control 7.51 7.56 0.15 0.16 4.68 4.01 190 160 8.91 8.03 244 237
S.Em. 0.048 0.036 0.015 0.014 0.28 0.24 8.96 7.59 0.76 0.69 8.24 8.68
C.D. NS NS NS NS
(p=0.05) 0.85 0.73 26.4 22.33 2.24 2.05 24.25 25.55

NPK: The per cent amount of nitrogen, phosphorus and potassium applied through inorganic fertilizers.
*FYM (contains 0.53% N,0.30% P,0O5 and 0.63 K,0) was applied 5 t ha™ to soybean every year 15-20 days before sowing;
#DAP was used instead of SSP as a source of P.

NS: Non-Significant




Fig.1 Impact long-term use of fertilizers and manure on available Nitrogen content in soil
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Fig.2 Impact of long-term use of fertilizers and manure on available phosphorus content in soil
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Fig. 3 Impact of long-term use of fertilizers and manure on available potash content in soil
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Available nitrogen in soil

The highest value of available N at 0-15 cm depth of soil was recorded in 100% NPK+FYM
(340 kg ha™) treatment. However, the lowest value of available N content was observed in control
(190 kg ha™) followed by 100% N (219 kg ha™). The data presented in Table 4 and Fig. 1. indicated a
decrease in the available nitrogen (N) content in the soil as the depth increased. The highest available
N content, measuring 285 kg ha™, was recorded in the treatment with 100% NPK + FYM at a soil
depth of 15-30 cm. Observations revealed that higher nitrogen levels were observed in the surface
soil, which gradually decreased with depth. The rate of decline was more pronounced from the
surface to the subsurface layers, as reported by Singh et al., (2013). This pattern could be explained
by the presence of higher root biomass in the rhizospheric soil layer. Similar findings were also
reported by Khandagle et al., (2020).

Available phosphorus in soil

The available P was changed from 8.91 kg ha-1 (control) to 19.97 kg ha-1, 33.64 kg ha-1,
and 36.72 kg ha-1 in the 50% NPK, 100% NPK, and 150% NPK treatments, respectively, as shown in
Table 4 and Fig. 2. Further, it was the highest with 100% NPK+FYM (37.53 kg ha'l). while the lowest
values were observed in the control plot (8.91 kg ha™), followed by the 100% N treatment (9.89 kg ha’
Y. This indicates that higher doses of NPK fertilizers resulted in increased available P content in the 0-
15 cm depth of soil. Similar results were reported by Dubey et al., (2015) and Birla et al., (2015).
Moreover, the most elevated P content was observed in treatments involving the combined use of
fertilizer and farmyard manure (FYM) at a rate of 36.72 kg ha™, highlighting the advantageous impact
of FYM on P mineralization within the soil to a greater extent by Dwivedi et al., (2019). The data also
accentuated that P accumulation was more pronounced near the soil surface compared to deeper
layers. The long-term application of fertilizers increased the concentration and accumulation of P in
shallower depths than in deeper soils reported by lu et al., (2020)

Available potassium in soil

The initial value in (1972) of available K was 370 kg ha™. The available potassium (K)
content in the soil at the 0-15 cm depth showed a progressive increase with the successive addition of
fertilizers, starting from 50% NPK (260 kg ha™), then 100% NPK (302 kg ha™), and 150% NPK (326
kg ha'l) treatments, respectively (Table 4 and Fig. 3). Notably, the treatment that received 100% NPK
along with farmyard manure (FYM) showed the highest available K content (336 kg ha'l) among all
treatments. On the other hand, the control plot had the minimum available K content (244 kg ha'l),
followed by the 100% N treatment (248 kg ha‘l) at the same depth. Reported that 100% NPK+FYM
treatments followed by 150% NPK treatments were related to the greatest available K status in soil.
Similar results were also reported by Patidar et al., (2021) and Pathariya et al., (2022) In addition to
the direct addition to the soil's accessible K fractions, the application of organic manure may have
decreased K fixation and consequently raised K content due to the interaction of organic matter with
clay. Inwati et al., (2022) similarly reported comparable outcomes.

Phosphorus fractions in soil

The data associated with Phosphorus fractions (Saloid-P, Al-P, Fe-P, Occl-P, Ca-P) in soil are given in
table 5

Saloid-P form

The effect of continuous cropping and fertilizer applications on content of Saloid-P form
revealed that (table 5) the lower content was recorded in control (4.39 mg kg'l) followed by 100% N
(5.27 mg kg'l) which could be because of the fact that without application of fertilizer and or without P
inclusion in fertilizer schedule has obviously resulted in its lower content. On the other hand,
successive additions of P from 50% NPK 100% NPK and 150% NPK resulted in proportionate
increase in Saloid-P in soil. This might be due to proportionate higher transformation of P from both
inherent and applied sources with soil system into Saloid-P as suggested by Badrinath et al., (2005).
Nonetheless, the most substantial content emerged when 100% NPK was administered alongside



FYM, underscoring the collaborative effect of organic manure in expediting the conversion rate into
soil-resident Saloid-P, consequently rendering it available for subsequent uptake by cultivated plants.
A diminishing pattern in the Saloid-P configuration was noted as depth increased, with the
greatest proportion of Saloid-P localized near the surface and gradually diminishing towards deeper
soil layers. This phenomenon could be attributed to the limited mobility of Saloid-P, impeding its
downward migration, as elucidated in studies by Dubey et al., (2016) and Sudhakaran et al., (2018).

Aluminium bound Phosphorus (Al-P)

Application of increasing doses of fertilizer increased the content of Al-P form in the soil (table
5). While it declined when P addition was committed there by lower content was noted in control (9.02
mg kg™) and 100% N (12.42 mg kg™*) due to absence of addition of P. Similar results were reported by
Sood and Bhardwaj, (1992). In this regard, Fe-P and Al-P were found to be predominant in the
surface soil horizon, according to Ganesh et al., (1993).

Al-P content exhibited a gradual decrease with increasing depth, with the most significant

buildup observed at the surface. Corresponding outcomes were also documented in the study by
Dubey et al., (2016).

Iron bound phosphorus (Fe-P)

The data of Fe-P form was increased with successive higher P fertilizer application over
without additions i.e., in control (19.17 mg kg™) and 100% N (20.08 mg kg™) which could be due to
higher transformation of added fertilizer P in soil equilibrium to Fe-P retention in soil. It has also been
noted that a significantly higher content of Fe-P was observed with successively higher addition of P
from optimal to super optimal dose which might be due to the differential conversion of applied P in
Fe-P form as a result of varying transformation (Sarkar et al., 2014). In this regard, Fe-P and Al-P
were found to be predominant in the surface soil horizon, according to Ganesh et al., (1993).

Elevated levels of Fe-P were observed near the surface, gradually decreasing as depth
increased. This phenomenon may arise from the potential movement of both phosphorus and iron
ions, particularly limiting their concentration in the lower layers. Comparable findings were
documented by Badrinath et al., (2005).

Occluded phosphorus (Occl-P)

The data on content of Occl-P form (table 5) that intensive cropping with continuous use of
fertilizer over 50™ year has resulted in appreciable build-up of Occl-P form when increasing rates of
fertilizer were applied over successive cropping while a declining trend was noted with the imbalance
applications. Similar results have been noted by Tiwari et al., (2019). It has seen that application of
phosphatic fertilizers significantly increased occluded P fractions over control. Reported by Bincy et
al., (2023).

A decrease in the Occluded-P condition was observed as depth increased, with the greatest
concentration occurring at the surface. This suggests that phosphorus remains relatively immobile
within the soil's lower layers, as noted by Dubey et al., (2016).

Calcium bound phosphorus (Ca-P)

The result showed that successive addition of fertilizer containing P progressively increased
the content of Ca-P form over without application in an intensified cropping for the last 50" years
particularly in black soils (Table 5). It has also been observed amongst all inorganic forms, the content
of Ca-P ranks highest which was an indication of the fact that Ca-P form contributed to the major
source of P in black soil as reported by Roy et al., (2016). Lower Ca-P content was associated in the
control and 100% N treatments where P fertilizer was not included. These finding are also in
agreement with Sudhakaran et al., (2018). The application of 100%NPK along with FYM recorded
significantly higher Ca-P during the incubation period. (Bincy et al., 2023)

Minor fluctuations in the Ca-P form were observed with changing depth. This occurrence
may be attributed to the prevalence of calcium ions exhibiting high CEC, thereby promoting the
substantial generation and development of Ca-P compounds. Comparable findings were documented
in a study by Badrinath et al., (2005). Tran and N’dayegamiye (1995) conducted an experiment and
showed that Long-term application of organic manure at a rate of 20 t ha™ increased soil P; forms
and maintained P, fraction.



Table 5. Impact of long-term use of fertilizers and manure on phosphorus fractions in surface and subsurface soils

Fractions of phosphorus mg kg™

Treatment Saloid-P Al-P Fe-P Occluded-P Ca-P
0-15cm | 15-30cm | 0-15cm 15-30cm | 0-15cm 15-30cm | 0-15cm 15-30cm | 0-15cm 15-30cm
T 50% NPK 12.55 10.40 23.97 21.27 31.28 25.94 8.25 6.46 110.76 101.94
T2 100% NPK 16.86 | 13.64 32.06 27.25 47.18 37.57 11.09 8.34 141.98 133.92
Ts 150% NPK 18.20 15.58 36.48 31.97 54.39 44.32 13.67 10.24 188.06 179.07
Ts | 100%NP 16.17 | 12.85 30.12 25.81 45.49 38.88 9.78 7.55 136.52 128.01
Ts | 100%N 5.27 4.65 1242 | 1103 | 2008 | 1392 6.41 4.78 98.81 92.36
i 100% NPK +
FYM 18.87 | 16.31 37.12 32.27 51.55 45.12 14.36 11.30 190.12 181.17
T 100% NPK -S| 1659 13.17 30.90 26.88 46.36 39.28 10.58 7.85 138.83 130.65
Ts Control 4.39 3.18 9.02 7.26 19.17 11.86 5.02 3.49 95.06 91.35
S.Em. + 0.81 0.76 0.97 0.51 2.63 2.63 0.35 0.38 7.62 7.04
C.D. (p=0.05) 2.40 2.25 2.86 1.51 7.76 7.74 1.04 1.12 22.43 20.72

NPK: The per cent amount of nitrogen, phosphorus and potassium applied through inorganic fertilizers.*FYM (contains 0.53% N,0.30% P,0s and 0.63 K,O)

was applied 5

t ha®

to soybean every year

15-20 days before sowing;

#DAP was used

instead of SSP as a source of

P.




CONCLUSION

The findings from a long-term experiment on soybean crop cultivation showed that the
continuous use of both inorganic fertilizers and organic manure (FYM) over a span of 50 years led to
an increase in all phosphate (P) fractions in both the topsoil and subsoil. The application of a
balanced nutrient combination (100% NPK) and the simultaneous use of FYM (100% NPK+FYM)
enhanced the P content and its various forms in the soil. On the other hand, continuous cropping
without any fertilization or an imbalanced use of nutrients (100% N alone) had detrimental effects on
crop productivity, causing a significant reduction in different P fractions in both the topsoil and subsoil.
The analysis of various P fractions revealed that the order of their contribution was Ca-P > Fe-P > Al-
P > Occluded P > Saloid-P in both surface and sub-surface soils. As a result, the balanced application
of fertilizers, with or without organic manure, not only maintained crop productivity but also improved
the overall P balance over a 50-year period.

References

Badrinath MS, Niranjana KS and Nandkishore TG. 2005. Distribution and fractionation of phosphorus
in soils of different agro-climatic zones of Karnataka (India). Soil Sci. Soc. Am. J. 43: 523-528.

Bagde V, Dwivedi BS, Dwivedi AK, Thakur R and Nagwanshi A. 2023. Effect of Long-Term Fertilizer
and Farm yard Manure Application on Soil Phosphorus Fractions in a Vertisol under Soybean—
Wheat Cropping Sequence. Journal of the Indian Society of Soil Science,71. (2): 207-216.

Bairwa J, Dwivedi BS, Rawat A, Thakur RK and Mahawar N. (2021) Long-term effect of nutrient
management on soil microbial properties and nitrogen fixation in a Vertisol under soybean—
wheat cropping sequence. Journal of the Indian Society of Soil Science 69, 171-178.

Bincy, B, Ravi, MV and Latha H. 2023. Phosphorus Fractionation in Submerged Black Soil as
Influenced by Different Phosphatic Fertilizers. International Journal of Economic
Plants, 10(May, 2), 114-121.

Birla K, Khamparia NK, Thakur RK, Dwivedi, BS and Sawarkar SD. 2015. Profile Distribution of
Various Fractions of Sulphur as Influenced by Long Term Application of Fertilizers and Manure
in Vertisol. Green Farming, 6 (4): 753-756.

Chang SC and Jackson ML. 1957. Solubility product of iron phosphate. Soil Science Society of
America Journal. 1957 May;21(3):265-269.

Dubey L, Dwivedi AK and Dubey M. 2015. Long term application of fertilizer and manures on physico-
chemical properties and N, P and K uptake in soybean-wheat cropping system. Plant Archives
15(1): 143-147.

Dubey L, Dwivedi BS, Dwivedi AK and and Thakur RK. 2016. Effect of long-term application of
fertilizer and manure on profile distribution of various phosphorus fraction in Vertisol. Green
farming, 7 (2):365-370.

Dwivedi AK and Dwivedi BS. 2015. Impact of long-term fertilizer management for sustainable soil
health and crop productivity: Issues and challenges. JNKVV Res. J. 49(3): 387-399.

Dwivedi AK, Singh M, Kauraw DL, Wanjari RH and Chauhan SS. 2007. Research bulletin on impact of
fertilizer and manure use for three decades on crop productivity and sustainability and soil
quality under Soybean-Wheat system on a Vertisol in central India IISS (ICAR), Bhopal.

Dwivedi BS, Sharma A, Dwivedi AK and Thakur RK. 2019. Response of phosphorus application on

productivity of wheat at farmer field. Universal Journal of Agricultural Research 7 (1):20-24.

Ganesh A, Raveendran K, and Khilar KC. 1993. Influence of mineral matter on biomass pyrolysis
characteristics. Fuel. 74(12): 1812-1822.

Gupta A, Dwivedi AK, Nagwanshi A, Dwivedi BS, Vishwakarma AK. 2019. Impact of Long-Term
Application of Inorganic Fertilizer and Farm Yard Manure on Productivity of Soybean in Vertisol.
Bulletin of Environment Pharmacology and Life Sciences. 8(4):116-132.

Inwati DK, Dixit BK, Dwivedi BS, Thakur R, Sharma A and Singh V. 2022. Effect of long-term fertilizer
and FYM application on soil potassium fractions in a Vertisol under soybean-wheat cropping
system. The Pharma Innovation Journal, 11(8): 2089-2093.

Jackson ML. 1973. Soil chemical analysis, pentice hall of India Pvt. Ltd., New Delhi, India. 498:151-

154.



Katyal JC. 2015. Withering soil science education revival and resurgence boosters. J Indian soc. Soil
sci. 63 ((1): 53-63.

Khandagle A, Dwivedi BS, Aher SB, Dwivedi AK, Yashona DS and Jat D. 2019. Effect of long-term

application of fertilizers and manure on soil properties. Journal of Soils and Crops, 29(1): 97-
104.

Khandagle A, Dwivedi, BS, Dwivedi, AK, Panwar S and Thakur RK. 2020. Nitrogen fractions under
long-term fertilizer and manure applications in soybean — wheat rotation in a Vertisol. Journal of
the Indian Society of Soil Science, 68(2): 186-193

Lu X, Mahdi AK, Han XZ, Chen X, Yan J, Biswas A, Zou WX. Long-term application of fertilizer and
manures affect P fractions in Mollisol. Scientific Reports. 2020 Sep 9;10(1):14793.

Meshram MK, Dwivedi BS, Naik KR, Thakur RK and Keram KS. (2018). Impact of organic and
inorganic sources of nutrients on yield, nutrient uptake, soil fertility and economic performance
of rice in a Typic Haplustert. Journal of Soils and Crops 28 (1): 31-36.

Muhr, GR. Datta NP, Subaramany HS,Leley VK and Dunahue RL .1965. Soil testing. India Asian
Press. New Delhi.

Olsen SR, Cole CV, Watanabe FS and Dean LA. 1954. Estimation of available phosphorus in soils by
extraction with sodium bicarbonate. USDA Circular 939. U.S. Government Printing Office,
Washington D.C.

Panse VG and Sukhatme SV. 1970. Statistical method for agricultural workers. ICAR publication.

Panwar S, Dwivedi AK, Dwivedi BS and Nagwanshi A. 2017. Distribution of zinc fractions as
influenced by long-term application of fertilizers and manure in a Vertisol. International Journal
of Chemical Studies 5(6): 1931-1934.

Parihar, SK, Dwivedi, BS, Khan, IM and Tiwari RK. 2010. Effect of integrated nutrient management on
yield and economics of little millet (Panicum sumatrense roth. Ex Roem. and Schult.). Journal

of Soils and Crops 20 (2):211-215.

Patel G, Dwivedi BS, Dwivedi AK, Thakur R and Singh M. 2018. Long-term effect of nutrient
management on soil biochemical properties in a vertisol under soybean-Wheat cropping
sequence.Journal of the Indian Society of Soil Science 66(2):215-221.

Pathariya P, Dwivedi BS, Dwivedi AK, Thakur RK, Singh M and Sarvade S. 2022. Potassium Balance
under Soybean—wheat Cropping System in a 44-Year-Old Long Term Fertilizer Experiment on a
Vertisol, Communications in Soil Science and Plant Analysis, 53 (2): 214-226.

Patidar N, Dwivedi AK, Dwivedi BS, Thakur RK., Bairwa J and Sharma A. 2021. Impact of LongTerm
Application of Inorganic Fertilizers and Organic Manure on Soil Fertility and Crop Productivity
under Soybean-Wheat Cropping System in a Vertisol. International Journal of Environment and
Climate Change, 11(8): 24-30.

Peterson GW and Corey RB. 1966. A modified Chang and Jackson procedure for routine fractionation
of inorganic soil phosphoates. Soil Sci. Soc. Amer. Proc. 30:563-565.

Raghuwanshi C, Khamparia NK, Thakur R, Sahare SK, Sharma V and Dwivedi BS. 2016. Impact of
long-term application of inorganic fertilizers and organic manure on yield attribute characters,
yield of soybean and soil fertility in a Vertisol. Eco.Env. & Cons. 22(2): 745-753.

Roberts TL and Johnston AE. 2015. Phosphorus use efficiency and management in agriculture.
Resources, conservation and recycling. 105: 275-281.

Roy P, Singh YV and Jat LK. 2016. Soil maturity assessment in Indo-Gangetic alluvium of Bihar using
soil inorganic fractions-based weathering index: A comparative approach. J. Indian Soc. Soll
Sci. 64(4): 333-340.

Sarkar D, Haldar A and Mandal D. 2014. Forms of Phosphorus in Relation to Soil Maturity along a
Toposequence under Hot, Dry, Subhumid Agro-ecological Subregion of West Bengal. J. Indian
Soc. Soil Sci., 62(1): 29-37.

Singh V, Sharma YK, Singh AK and Bordoloi LJ. 2013. Sulphur distribution in Inceptisol of Northern
India and genotypic difference in sulphur uptake of rice. African Journal of Agricultural Research
8(10): 855-867.

Sood RD and Bhardwaj RK. 1992. Effect of liming and phosphorus fertilization on the P fractions in an
acid alfisols. J Indian Soc. Soil Sci. 40: 299-301.

Subbiah BV and Asija GL. 1956. A rapid procedure for the estimation of nitrogen in soils. Curr. Sci.,
25: 259-260.

Sudhakaran SV, Patil SR, Kondvilkar NB and Naik RM. 2018. Effect of 32-year long-term integrated
nutrient management on soil p fractions and availability of phosphorus under sorghum-wheat
cropping sequence in vertisol. Journal of Pharmacognosy and Phytochemistry.;7(4):3410-3416.



Suman J, Dwivedi BS, Dwivedi AK and Pandey SK. 2017. Impact of continuous addition of fertilizers
and manures on soil nutrient status, uptake, protein and oil content of soybean in a Vertisol.
Research Journal of Agricultural Sci. 8(1): 159-163.

Suman J, Dwivedi BS, Dwivedi AK and Pandey SK. 2018. Interaction effect of phosphorus and
Sulphur on yield and quality of Soybean in Vertisol. International Journal of Current Microbial
Applied Sciences 7(3): 152-158.

Tan KH.1998 Principles of soil chemistry. 3rd ed. New York: Marcel Dekker Inc; 1998.

Term Application of Chemical Fertilizers and Organics in Rainfed MaizeWheat Cropping
System. J. KrishiVigyan 3(2): 48-53.

Thakur R, Sawarkar SD, Vaishya UK and Singh M. 2011.Impact of continuous use of inorganic
fertilizer and organic manure on soil properties and productivity under soybean-wheat intensive
cropping of a vertisol. Journal of the Indian Society of Soil Science 59: 74-81.

Tiwari R, Patle T, Khaddar VK and Para P. 2019. Phosphorus Fractions in Different Soil Orders in
India and their Relationship with Soil Properties. International Journal of Current Microbiology
and Applied Sciences 8(5): 1609-1620.

Tran TS, N'dayegamiye A. Long-term effects of fertilizers and manure application on the forms and
availability of soil phosphorus. Canadian Journal of Soil Science. 1995 Aug 1;75(3):281-5.
Walkley A, Black IA. 1934. An examination of the Degtjareff method for determining soil organic
matter, and a proposed modification of the chromic acid titration method. Soil science. 1934

Jan 1;37(1):29-38.



