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Abstract 
Long-term fertilizer treatments may affects the available phosphorus status of soil. Therefore, a field 

experiment was conducted during 2021-22 under All India Coordinated Research Project on Long-Term 

Fertilizer Experiment (AICRP on LTFE) at Research Farm, Department of Soil Science and Agricultural 

Chemistry, Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur (Madhya Pradesh) – India, to evaluate the 

availability of phosphorous in a Vertisol under soybean – wheat cropping system. The experiment was laid 

out in randomized block design with eight treatments comprising four replications. The treatments were 

performed in conjunction with different fertilizer doses, viz 50% NPK, 100% NPK, 150% NPK, 100% N, 

100% NP, 100% NPK+FYM, 100% NPK-S and control. The results of the present study revealed that the 

application of 100% NPK+FYM treatment was found the yield of wheat (grain & straw) and available P 

status in soil, followed 150% NPK treatments. However, the lowest yield and available P status were 

observed in control plot, followed by 100% N alone treatment. The findings further revealed that the 

appreciable increase in available P status in soil in all the treatments except control and 100% N alone 

treatments. Thus, the balance dose of fertilizer applications, either alone or in combination with organic 

manure is required to sustainable crop production and augmenting soil fertility status. 
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Introduction  

Phosphorus (P) element is an essential for maintaining soil fertility and augmenting crop yields 

in Indian soils. Out of 17 necessary plant nutrients, phosphorus is next to nitrogen in terms of 

crop yield. It is one of the important key elements for plant growth. The amount of P that is 

contained in soil that is usable by plants is very small. The characteristics associated with 

phosphorus nutrition include crop quality, resistance to plant diseases, root development, stalk 

and stem strength, flower and seed formation, crop maturity and production, N-fixation in 

legumes, and crop quality. Phosphorus could be a major growth-limiting nutrient compared to 

nitrogen, there is no large atmospheric source that will be made biologically available [1, 2]. Soils 

are also known to vary widely in their capacity to supply phosphorus to plants. Only a small 

fraction of total P in soil is found in plant available form. In black soils, a major part of the 

applied phosphorus gets fixed (80-85%) and only a small part (15-20%) of it becomes available 

to the plants [3]. The phosphorous availability in soil is governed by several factors like, soil pH, 

moisture, Ca content, applied nutrients, etc [4].  

The most important input for raising agricultural yield is fertilizer, yet excessive and continuous 

application of fertilizer degrades soil fertility. Many studies have revealed that long-term 

continuous application of fertilizers or manures increases soil P mobility. This is helpful in 

resolving the complex problems of the management of soil fertility. The continuous application 

of inorganic fertilizers over time appears to have the potential to significantly reduce soil fertility 
[5, 6]. The combined application of inorganic fertilizers with organic manures can not only sustain 

crop yields but also effectively improve soil health and increase nutrient usage efficiency.  
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The long-term fertilizer experiment has been conducted for five 
decades; major attention has been paid to the yield performance 
of crops and the relative efficiency of manure and fertilizer. In a 
permanent manorial experiment, cropping kinds and doses of 
fertilizer, as well as the nature of the soil (i.e., P-fixing capacity 
and phosphate potential), determine the response of phosphatic 
fertilizer in terms of its transformation, translocation, and build-
up proportion of the total and available P status of the soil [7, 8]. 
Thus, the present study was undertaken to find out the long term 
application of fertilizers and organic manure on wheat yields and 
phosphorous availability in Vertisols under soybean – wheat 
cropping system.  
 

Materials and Methods 
Experimental Details  
The present research is part of the All India Coordinated 
Research Project on a Long-Term Fertiliser Experiment under 
Soybean-Wheat Cropping Sequence in a Vertisol, which was 
initiated in 1972 at Research Farm, Department of Soil Science, 
Jawaharlal Nehru Krishi Vishwa Vidyalaya Jabalpur, Madhya 
Pradesh, India. The experimental site has a semi-arid and sub-
tropical climate with a typical dry summer and cold winter. It is 
situated 393 metres above mean sea level at 23°10 N latitude 

and 79°57E longitude. The total rainfall per year varies from 
1000 to 1500 mm, with a mean of approximately 1350 mm. The 
experimental soil belongs to medium black of Kheri series with 
fine montmorillonitic hyperthermic soils, Typic Haplustert 
(Vertisol). The basic soil properties (0-15 cm soil depth) before 
start of the experiment in the year 1972 are presented in Table 1. 
The experiment was conducted and designed in a randomized 
block design with eight treatments and four replications. A 
permanent bund was used to divide each individual plot (17.0 m 
× 10.8 m), and a gap of 2.0 m was used to divide two blocks. 
The 100% optimal NPK doses based on initial (1972) soil test 
values were 20:80:20 and 120:80:40 kg NPK ha-1 for soybean 
and wheat, respectively. The treatment details and quantity of 
nutrients added are presented in Table 2. 
 

Table 1: Basic soil properties of the experimental site (1972) 
 

S. No. Soil properties Value 

1. pH1:2.5 7.60 

2. Electrical conductivity (EC1:2.5) 0.18 dSm-1 

3. Soil organic carbon 5.7 g kg-1 

4. Calcium carbonate 4.6% 

5. Soil available nitrogen (N) 193 kg ha-1 

6. Soil available phosphorus (P) 7.60 kg ha-1 

7. Soil available potassium (K) 370 kg ha-1 

8. Soil available sulphur (S) 7.80 mg kg-1 

9. Soil available zinc (Zn) 0.33 mg kg-1 
 

Table 2: Details of treatment and nutrient rates (kg ha-1) in soybean and 
wheat 

 

Treatments 

Fertilizer nutrients applied (kg ha-1) 

Soybean Wheat 

N P K N P K 

50% NPK 10 17.6 8.3 60 17.6 16.6 

100% NPK 20 35.2 16.6 120 35.2 33.2 

150% NPK 30 52.8 24.9 180 52.8 49.8 

100%NP 20 35.2 NA 120 35.2 NA 

100% N 20 NA NA 120 NA NA 

100% NPK+FYM* 46.5 41.8 42.7 120 35.2 33.2 

100% NPK (-S) 20 35.2 16.6 120 35.2 33.2 

Control NA NA NA NA NA NA 

NPK: The percent amount of Nitrogen (N), Phosphorous (P) and 
Potassium (K) applied through inorganic fertilizers 
*FYM contains 0.53% N, 0.30% P2O5& 0.63% K2O; NA: Not Applied 

The sources of nitrogen (N), phosphorus (P) and potassium (K) 

which were applied included urea, single superphosphate (SSP) 

and muriate of potash (MOP). In 100% NPK (-S) treatment, 

diammonium phosphate (DAP) was used instead of SSP as a 

source of phosphorus. The farmyard manure (FYM) was applied 

at the rate of 5 t ha-1 yr-1 to soybean crop only during kharif 

season just 10-15 days before sowing. In soybean crop, all NPK 

fertilizers were applied as basal before the last harrowing during 

rainy season, however, in wheat crop 50% N and 100% PK was 

applied as basal before sowing and rest 50% N in two split 

applications, first half at 21–25 days (following the first 

irrigation) and the second half at 51–55 days. 

 

Soil and Plant Analysis 

For the present study, soil samples were collected during 2021-

22 from different treatment plots at 0-15 cm soil depth. 

Composite soil samples were air-dried at room temperature, 

pulverized, and sieved through a 2.0 mm sieve. The phosphorus 

content in soil was extracted with 0.5 M NaHCO3 (pH 8.5) 

solution as described by [9]. However, to calculate wheat yields 

(grain and straw) in each plot, an area of 5 × 4 m2 was harvested. 

After complete air drying, the bundles were weighed and data 

recorded. The produce was threshed after that grain and straw 

yields of wheat were recorded. 

 

Statistical Analysis 

The data pertaining to available P contents and wheat yields 

(grain and straw) were statistically analyzed using analysis of 

variance (ANOVA) for randomized block design taking eight 

treatments with four replications to draw suitable inferences as 

per standard method described by [10]. 

 

Results and Discussion 

Available Phosphorus 

The data depicted in Fig. 1 indicated that the available 

phosphorus differed significantly over control due to the 

influence of various treatments under long-term application of 

fertilizers and manure. All the treatments performed 

significantly higher available P status as compared to control 

and 100% N alone treatments. The amount of available 

phosphorus at 0-15 cm soil depth was gradually increased with 

increasing fertilizer levels i.e. 50% NPK, 100% NPK and 150% 

NPK. The highest value of available P in soil was found under 

treatment application with 100% NPK+ FYM, which was at par 

with 150% NPK at 0-15 cm and 15-30 cm soil depths. The 

addition of phosphorus through fertilizers and organic manures 

were responsible for of the increase in available P in the soils. 

Nutrient mobility, solubility, and availability were increased by 

nutrient complexing substances like fulvic and humic acids, 

which are produced during the breakdown of organic manures. 

Similar findings were also reported by [11, 12, 13].  

However, the imbalance use of fertilizers reduced the available 

P status of soil. A significant reduction in available P content 

was noted in 100% N alone and control treatments; this is due to 

the removal of P by the crops in the absence of P 

supplementation through an external source. The use of 100% 

NP over 100% N alone significantly increased the available P 

status of soil. Further, the application of 100% NPK over 100% 

NP had no significant effect on available P status. Further, the 

results of the present study revealed that the highest available P 

content was observed in 0-15 cm soil depth as compared to 15-

30 cm soil depth in all the treatments [14, 15]. 
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Fig 1: Impact of long-term application of fertilizers and manure on available P contents at 0-15 cm and 15-30 cm soil depth. 

 

Grain and Straw Yield of Wheat 
The grain and straw yields of wheat are illustrated in Fig. 2 and 
found that the lowest grain and straw yields of wheat 1460 and 
4223 kg ha-1, respectively, were recorded in the control plot and 
followed by 1850 and 5425 kg ha-1, respectively in 100% N 
alone treatments. Similar results also showed by [16, 17]. 
However, grain and straw yields of wheat crop were found in 
100% NPK + FYM treatment (6150 and 6860 kg ha-1, 
respectively) was significantly higher than 100% NPK 
treatment. 150% NPK treatment was found to be at par with the 
application of 100% NPK + FYM while, inclusion of K along 
with NP (100% NPK) caused an increase of around 26.3 % over 
application of 100% NP alone in wheat. Instead of applying 
150% NPK, it is better to use FYM with 100% NPK [18, 19] since 
the yields obtained with 100% NPK+FYM are superior to 150% 
NPK application. The beneficial effect of FYM can be due to a 
steady supply of all nutrients, including the micronutrients and 

improvements in physical condition. The similar beneficial 
effects of FYM along with NPK have been reported by [20, 21, 22]. 
They observed that the continuous use of chemical fertilizers 
applied either singly or in combination with FYM had a marked 
effect on grain yield. 
The data pertaining to grain and straw yields of wheat have also 
been indicated that the imbalance use of chemical fertilizers 
caused total degradation of soil health which was also reflected 
in reduction of crop yields [23, 24, 25]. Continuous application of N 
alone resulted in an increase in yield over control but the 
response exhibited a decline trend with time due to imbalance 
use of nutrients supply [26, 27]. FYM with 100% NPK application 
was beneficial for all crops of the rotation. This indicated the 
significant positive role of farmyard manure application in 
improving the overall soil environment. Similar results were 
reported by [28]. 

 

 
 

Fig 2: Impact of long-term application of fertilizers and manure on wheat yields 

 

Conclusion 

From the present investigation, it may be concluded that the 

balanced application of inorganic fertilizers either alone or in 

combination with organic manure sustained wheat yield and 
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phosphorous availability, however, imbalance use of nutrients 

reduced wheat yield and phosphorous availability in Vertisols 

under soybean-wheat cropping system. Thus, the balanced 

fertilizer application with or without organic manure not only 

sustained crop productivity but also improved phosphorous 

availability over a long period of five decades. 
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