


Evaluation of the efficiency of partially acidulated phosphate rock in augmenting the maize productivity in acid soil

Abstract
Phosphorus rock (RP) reserves are finite and non-renewable, and coupled with the low use efficiency, which leads to significant and irreversible environmental losses. Controlled-release fertilizer technologies, which synchronise the phosphorus release from fertilizers with crop nutrient demand, offer a promising solution to mitigate phosphorus losses and enhance fertilizer use efficiency. The present investigation with maize as test crop was undertaken to evaluate the efficiency of partially acidulated phosphate rock (PAPR) blended with DAP in enhancing the yield, P uptake and recovery as compared to sole application of DAP, PAPR, and untreated PR. The vanado-molybdo phosphoric yellow colour complex in nitric acid medium method was used to estimate the P content. The Result of the study revealed that the fertilizer mixture improved the dry matter accumulation by 12% more as compared to PAPR. The P uptake was found to be 6% more compared to DAP. The relative agronomic efficiency and apparent crop recovery were found to be 107% and 54% respectively, which depicts the role of PAPR as slow released fertilizer. The alkaline phosphatase activity was found to be minimal in P-treated soil, indicating the presence of residual P in the soil. The post-harvest soil P indicates a strong residual nature with an ability to supply P to the succeeding crop.  It is recommended to use DAP and PAPR in 50:50 proportion to reduce the DAP dependency and simultaneously improving the crop productivity.
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1. Introduction
Phosphorus (P) is a vital nutrient for all living organisms, serving as a structural component of key biomolecules, including phospholipids in cell membranes and nucleic acids (DNA and RNA). It plays a critical role in plant reproduction, yield formation, and overall agricultural productivity, ranking second only to nitrogen (N) in importance (Che et al. 2020). Although P is the eleventh most abundant element in the Earth’s crust, it constitutes only 0.02-0.5% of soil by weight and is the least mobile among major plant nutrients. Approximately 0.1% of soil phosphorus (P) is plant-available, often limiting crop growth. Notably, cereal grain yields have significantly improved since the early 20th century, coinciding with a 3.5-fold rise in P fertiliser application (Biswas et al. 2022a). Phosphorus (P), together with other essential nutrients, is vital for ensuring global food and nutritional security for the growing population. The lack of any single essential nutrient hinders the attainment of this objective.
[bookmark: _GoBack] Phosphorus (P) represents a unique paradox, serving as both an essential, non‑renewable nutrient for agriculture and a potential environmental pollutant. “Of the total P extracted from the earth’s crust for food production, only about 15% ultimately enters the human food chain, while the majority is lost to the environment” (Suh and Yee, 2011). Conversely, only about 15-20% of the applied phosphorus is actually taken up by crops. The low phosphorus use efficiency observed in crop production is mainly due to the rapid transformation of applied phosphorus into unavailable forms through reactions with soil constituents such as calcium, iron, and aluminium (Rashmi and Prakash, 2023). In recent years, various alternative phosphorus fertiliser sources have been proposed as potential substitutes to mitigate phosphorus deficiency; however, their widespread adoption remains limited due to concerns over their suitability and suboptimal performance under field conditions, and one of the key alternatives was low grade phosphate rock.
India possesses an estimated 260 million tonnes (Mt) of low-grade phosphate rock (LGPR) reserves (FAI, 2012), predominantly located in Udaipur, Mussoorie, Jhabua, and Purulia. These deposits account for merely 0.2% of the global phosphate reserves (Kumari and Phogat, 2008) and are generally unsuitable for large-scale commercial production of phosphatic fertilisers. Consequently, the country relies heavily on imports of both finished phosphorus fertilisers and raw materials such as high-grade phosphate rock (HGPR) and phosphoric acid, incurring an annual expenditure of approximately ₹10,000 crore. Presently, imports fulfil about 90% of India’s phosphatic fertiliser requirement, with the remaining 10% met through domestic sources. Given their abundance, LGPRs hold potential as a cost-effective alternative to expensive water-soluble phosphorus fertilisers, including single superphosphate (SSP), triple superphosphate (TSP), and diammonium phosphate (DAP) (Narayanasamy and Biswas, 1998; Ndeleko-Barasa et al. 2021). 
Partially acidulated phosphate rock (PAPR) contains a blend of water-soluble mono-calcium phosphate and less soluble components like unreacted phosphate rock. Upon soil application, the mono-calcium phosphate hydrolyzes to form phosphoric acid, which subsequently reacts with the residual rock phosphate, thereby improving its dissolution. This process enhances the solubility of phosphate rock due to the proton-driven action of mineral acids. As much of the generated acid interacts directly with unreacted rock in the fertilizer matrix, less free acid remains for mobilizing soil iron and aluminum, which may lead to reduced phosphorus fixation compared to fully acidulated fertilizers. Consequently, PAPRs can provide slow-release phosphorus while minimizing reversion to insoluble forms in soil, offering an efficient and environmentally favorable fertilization strategy (Narayanasamy and Biswas, 1998).
Most of the earlier research work emphasised the use of LGPR directly in the field or partially acidulating the LGPR with a varying degree of acidulation, and it opened a research gap of combining the water-soluble fertiliser and acidulated LGPR in a proportion mixture to evaluate their efficiency in augmenting the agricultural productivity. In the current investigation, this research gap was addressed using maize as a test crop.
2. Material and methods
The low grade phosphate rock (LGPR) was collected from the Beldih mines of Purulia district of West Bengal. The rocks were crushed using a roller mill and passed through a 75µ sieve for further processing. For partial acidulation of LGPR. It was treated with H3PO4 with a 50% degree of acidulation. The quantity of acid used for partial acidulation was calculated as mentioned by Ashby et al. (1966). Then it was characterised for the different forms of P content as outlined by the FAI, Fertiliser (Control) Order (FCO) (1985). The soil used for the pot experiment was collected from the Sakteshgarh region of Mirzapur district of Uttar Pradesh. The physicochemical properties of the bulk soil are presented in Table 1. 
Table 1. The physicochemical properties of bulk soil.
	Physicochemical properties
	Values

	Ph (1:2.5)
	4.85

	EC (1:2.5) (dS m-1)
	0.127

	Texture
	Sandy loam

	Sand (%)
	65

	Silt (%)
	20

	Clay (%)
	15

	Maximum Water Holding Capacity (%)
	27

	Organic carbon (%)
	0.21

	Available N (kg ha-1)
	151

	Available P (kg ha-1)
	8

	Available K (kg ha-1)
	94




Figure 1. Characterisation of different forms of P content in PR and PAPR (Where TP: total phosphorus, WSP: water soluble phosphorus, CSP: citrate soluble phosphorus, CISP: citrate insoluble phosphorus)
2.1 Experimental layout
The pot culture experiment with four replications was carried out in the net house of the Department of Soil Science and Agricultural Chemistry, Institute of Agricultural Sciences, BHU, Varanasi, Uttar Pradesh, with maize as the test crop in the kharif season (July 2024). The design followed was completely randomised design (CRD) with the following treatments: T1: absolute control, T2: No P, T3: P (through DAP), T4: P through (PR): T5: P through PAPR, T6: P through (DAP: PAPR: 25: 75), and T7: P through (DAP: PAPR: 50: 50). From T2 to T7 treatments received 100% N and K fertilizer. The recommended dose of fertilizer (RDF) was 140:80:80 kg N-P-K ha-1. The phosphatic fertiliser mixture was prepared by mixing the PAPR and commercial water-soluble fertiliser di-ammonium phosphate (DAP) in proportions of 25:75 and 50:50. Earthen pots containing 10 kg of soil were used for the study. The fertilizer dose was calculated based on 10 kg of soil, and the P fertilizer was mixed with the soil thoroughly before seeding, while N and K were applied after the thinning process. The plants were allowed to grow up to harvest, then cut at the ground surface. Destructive sampling was conducted on each treatment at the flowering stage to obtain biomass yield and root weight, and soil samples were also collected for enzymatic analysis. The post-harvest soil was also collected for the determination of the available P. All the above and below-ground parts were at first cleaned, then air dried, followed by oven drying at 60°C. The dry weight of shoots, roots and grains was noted. The harvest index (HI) was quantified using the formula 
   
2.2 Methods of analysis 
The total P content of grain and stover was determined by digesting the content in di-acid digestion (HNO3: HClO4:: 9:4), followed by measurement in a spectrophotometer by development of the vanadomolybdo-phosphoric yellow colour complex in nitric acid medium (Olsen and Sommers, 1982). The available P content of the post-harvest soil was determined using the method described by Bray and Kurtz (1945). The alkaline phosphatase activity was determined using modified universal buffer (MUB) (pH-11), and the resulting p-nitrophenol was measured colourimetrically using a spectrophotometer (Tabatabai, 1994). Relative agronomic efficiency (RAE) for dry matter was calculated as follows (Chien et al. 1990): 

According to the classification proposed by Hammond and Leon (1983), the RAE classes are as follows: > 90 (High), 90-70 (Medium), 70-30 (Low), and <30 (Very Low). The apparent P recovery was calculated as follows (Nnadi et al. 1988)

2.3 Statistical analysis
The experimental data were subjected to statistical analysis using a completely block design (CRD) through analysis of variance (ANOVA). A combined analysis was performed, and treatment means were compared using Duncan’s multiple range test at a 5% probability level (p ≤ 0.05) based on the least significant difference (LSD). The statistical tool utilised was SPSS (27.0, USA) (Gomez and Gomez, 1984).
3. Result and Discussion
3.1 Characterisation of phosphate rock (PR) and partially acidulated phosphate rock (PAPR)
The different forms of P present in PR are presented in Fig. 1 and quantified as follows: Total phosphorus (TP) 8.41%, water soluble phosphorus (WSP) 0.19%, Citrate soluble phosphorus (CSP) 1.71%, and citrate insoluble phosphorus (CISP) 6.51%. Similarly, the PAPR contain TP 9.4%, WSP (1.9%), CSP (3.27%), and CISP (6.13%). The percentage of increase in P content of PAPR over PR follows 12%, 900% in the case of TP and WSP, while the CSP and CISP content decreases by 20% and 6% respectively. Our results follow a similar pattern to that mentioned by Biswas and Narayanasamy (1995); Roy et al. (2015). There is an increase in the content of P in PAPR treated with H3PO4 due to the addition of inherent P form of mineral acid, and P is present in the form of monocalcium phosphate {Ca(H2PO4)2}.
3.2 Effect of P fertilization on yield and yield attributes of maize.
	Treatments
	Grain yield (g pot-1)
	Stover yield
 (g pot-1)
	Biomass yield 
at flowering (g pot-1)
	Root weight at flowering
(g pot-1)
	      HI (%)

	T1
	5.2 ± 0.15d
	9.8 ± 0.58c
	10.1± 0.25d
	1.3 ± 0.11c
	34.8 ± 0.11d

	T2
	10.9 ± 0.52c
	16.4 ± 0.55b
	17± 0.35c
	1.8 ± 0.3c
	39.93 ± 0.34c

	T3
	17.6 ± 0.45ab
	22.9 ± 0.55a
	24.8±0.39a
	4.5 ± 0.3a
	43.46 ± 0.34a

	T4
	11.8 ± 0.47c
	17.7 ± 0.51b
	18±0.42c
	2.9 ± 0.15b
	40 ± 0.25c

	T5
	16.2 ± 0.51b
	21.9 ± 0.45a
	23.1±0.37b
	4.1 ± 0.3a
	42.52 ± 0.28b

	T6
	16.5 ± 0.2ab
	22 ± 0.41a
	23± 0.4b
	4.2 ± 0.3a
	42.86 ± 0.22ab

	T7
	18.1 ± 0.48a
	23.5 ± 0.28a
	25.1±0.41a
	4.8 ± 0.3a
	43.51 ± 0.33a

	SEm±
	0.516
	0.632
	0.43
	0.284
	0.282

	CD (p≤ 0.05)
	1.580
	1.937
	1.311
	0.869
	0.863


Table 2. Above and below-ground biomass, along with the harvest index.
(Different letters for each parameter show significant difference at p ≤ 0.05 by Duncan’s Multiple Range Test; CD: critical difference; SEm: standard error of mean)
The above and below-ground biomass at the time of flowering and harvest was presented in Table 2. The biomass data were collected twice to determine the differential P uptake pattern. The grain yield was found to be varied from 5.2 to 18.1g pot-1, the lowest was recorded in T1 (absolute control) and the highest at T7 (receiving P at 50: 50 proportion of DAP and PAPR). There is a 66% increase in grain yield over no P treatment (T2). Treatment receiving only DAP (T3) called as RDF (recommended dose of fertilizer), and DAP and PAPR in a 25:75 (T6) proportion are found at par with T7. The yield increment of T7 over RDF is 3% only. Treatment receiving only PAPR (T5) was found to be 12% significantly inferior to T7. The stover yield at harvest time ranged from 9.8 to 23.5 g pot-1. The stover yield maximum was reported in T7, which is 43% significantly higher of no P treatment (T2), and 2.62% higher than RDF (T3). Here, treatments viz. T3, T5, T6, and T7 are reported to be at par with each other. Treatment receiving untreated PR (T4) was found to be 32% significantly lower than T7. The biomass yield of the whole plant collected during flowering was found to vary from 10.1 to 25.1 g pot-1. Treatment T7 reported maximum biomass and was found to be at par with T3 with a 1.2% increment. Both of these treatments are found to be significantly higher than other treatments. There is a 47% increase in biomass yield in comparison to no P treatment at the time of flowering, defining the role of phosphorus in plant growth and development. The root weight recorded at flowering time ranged between 1.3 to 4.8 g pot-1. Again, treatment T7 was dominating with 166% significantly higher result, and 7% equivalent result was reported while comparing with no P (T2) and RDF (T3), respectively. These findings supplement the role of phosphorus in early root growth and root architecture. The harvest index was varied from 34.8 to 43.51%. The treatment receiving P in various forms (T3, T5, T6, T7) except the PR source (T4) was found to be significantly higher than treatment receiving No P (T1 and T2). Treatments like T4 and T2 were found at par to each other in terms of the role of N and K in growth, development and yield.
3.3 Effect of P fertilization on P content, uptake and recovery.
Table 3. Phosphorus content of above and belowground biomass along with P content of post-harvest soil.
	Treatments
	P content (%)
	PHS Available P (kg ha-1)

	
	Grain
	Stover
	Biomass (at flowering)
	Root (at flowering)
	

	T1
	0.19± 0.01e
	0.11± 0.01e
	0.12± 0.01e
	0.06± 0.01d
	8.5± 0.49e

	T2
	0.23± 0.02de
	0.13± 0.01de
	0.15± 0.01de
	0.09± 0.01cd
	14.7± 0.79d

	T3
	0.37±0.02a
	0.23± 0.01a
	0.32± 0.02a
	0.19± 0.01a
	34.6± 1.47a

	T4
	0.26± 0.02cd
	0.16± 0.01cd
	0.19± 0.01cd
	0.11± 0.01c
	22.4± 0.90c

	T5
	0.3± 0.02bc
	0.19± 0.01bc
	0.24± 0.02bc
	0.15± 0.01b
	28.6± 1.06b

	T6
	0.33± 0.02ab
	0.21± 0.01ab
	0.27± 0.02ab
	0.16± 0.01ab
	30.7± 1.08b

	T7
	0.38± 0.02a
	0.24± 0.01a
	0.3± 0.02a
	0.19± 0.01a
	37.3± 1.27a

	SEm±
	0.018
	0.01
	0.017
	0.012
	1.056

	CD (p≤ 0.05)
	0.056
	0.031
	0.053
	0.035
	3.233


(Different letters for each parameter show significant difference at p ≤ 0.05 by Duncan’s Multiple Range Test; CD: critical difference; SEm: standard error of mean; PHS: Post-harvest soil)
The phosphorus content of the above and below-ground biomass is presented in Table 3. The P content of the grain ranged between 0.19 to 0.38%. The treatment T7 was found to have the highest P content, recording a significant increment of almost double that of the absolute control, 65% more than the no P treatment (T2), while comparing the RDF (T3), a statistically equivalent result of 3% increment. It also recorded a 27% significant increase over T5 (receiving P in the form of PAPR).  The stover p content follows a similar trend as that of grain p content, where T7, T3 and T6 are found to be at par with each other, while a significant increment of 26% was reported comparing with T5. The range of stover P was from 0.11 to 0.24 %. The P content of the biomass at the time of the flowering was found to be higher than compared of stover of 25%. The p content of the biomass varied from 0.12 to 0.32%. Here, T7, T6 and T3 are found to be at par, while T5 was statistically inferior to the T3 and T7. Here the T3 receiving DAP (RDF) have 7% more P content to T7, which emphasize that the release of nutrient P very early by DAP as compared to DAP and PAPR mixture. The p content of the root ranged from o.06 to 0.19%. The maximum content was recorded in both T7 and T3 which is 111% higher than no P treatment. The T5 (PAPR) recorded a significant decrease of 26% over the T7. The available p (kg ha-1) of the post-harvest soil (PHS) was also presented in Table 3. The range of available P in the PHS 8.5-37.3 kg ha-1. The maximum was recorded in T7 and it was at par with RDF with a 7% increment, while it was 30% significantly higher than T5 (PAPR).








Fig. 2 Phosphorus uptake of above and below-ground biomass during flowering and harvest.
(Different letters for each parameter show significant difference at p ≤ 0.05 by Duncan’s Multiple Range Test)
The phosphorus uptake of above and below ground biomass recorded at time flowering and harvest were presented in Figure 2. The P uptake both in grain and stover were ranged from 9.93 to 68.78 and 10.78 to 56.4 mg pot-1 respectively. The maximum uptake both in grain and stover were recorded in in T7 which was 174 and 164% significant higher as compared to no P treatment (T2), while the uptake in T7 was found at par with T3 (RDF) in case of grain and a significant increment of 7% over RDF in case of stover. The P uptake in T7 while comparing to T5 (PAPR) show a significant increment of 42% and 36% in case of grain and stover respectively.  The P uptake of biomass at the flowering stage was found more than the P uptake at harvest. This may attribute to transfer of p from source to sink for dry matter accumulation. The P uptake in biomass ranged from 12.12 to 79.36 mg pot-1. The maximum was recorded in T3. The T7 recorded a statistical equivalent decline of 5% in P uptake, while T5 recorded 43% significant decline from T3. At the time of anthesis DAP has the greater uptake as compared to DAP and PAPR mixture. The P uptake in root varied from o.78 to 9.12 mg pot-1. The maximum being reported in T7 i.e., 7% statistical equivalent increment over T3 (RDF) and 48% significant increment over T5 (PAPR).


Fig. 3 Apparent P recovery and relative agronomic efficiency of fertilizer and fertilizer mixture.

The relative agronomic efficiency measures the efficiency pf PAPR comparing to a standard P fertilizer i.e., DAP in case of the present study. The RAE recorded 100% in case of DAP i.e., standard fertiliser, whereas T7 recorded 107%, followed by T6 (83%), T5 (79%). The least RAE was recorded at 13% in T4 (untreated PR). According to RAE classification, T7 falls in to High category, while T6 and T5 falls in to medium and T4 fall in to very low category. The apparent recovery of P was also calculated to measure the performance of the fertiliser mixture, PAPR, PR and DAP, and it follows the trend as T7 (54%) > T3 (50%) > T6 (36%) > T5 (29%) > T4 (7%).



3.4 Effect of P fertilization on alkaline phosphatase activity.


Fig. 4 Alkaline phosphatase activity (APA) of soil collected at the time of flowering.
(Different letters for each parameter show significant difference at p ≤ 0.05 by Duncan’s Multiple Range Test)
The alkaline phosphatase activity of soil collected at the time of flowering was presented in Fig. 4. The highest activity was reported in no P treatment, while lowest activity was reported in P treated soil with DAP. Treatments viz., T1, T2, and T4 (PR) were found to be at par in enzymatic activity. The absolute control treatment (T1) and No P treatment (T2) have produced 38% and 34% significant more APA as compared to T3 (RDF), while comparing PAPR (T5) with RDF a significant 22% more activity was reported. The enzyme activity was found to be inversely proportional to P sufficiency in soil while directly proportional to P limitation in soil.

The application of P fertilizer in the form of commercial DAP or PAPR or mixture of DAP and PAPR have positive impact on growth and yield attributes of maize as compared to absolute control and no P treatments. It clearly indicates the role of P in crop growth establishment and productivity. The newly formulated fertilizers i.e., the fertilizer mixture of DAP and PAPR (50:50) (T7) was found to be advantageous to some extent over commercial DAP (result indicates statistical equivalence among DAP and prepared fertilizer mixture), while it outperformed the individual application of the PAPR, untreated LGPR (PR), and no P treatment. The T7, reducing the dose of water-soluble fertiliser and managing the yield gap created by the PAPR, whose water-soluble P content is still low compared to DAP. The treatment receiving no P application shows a significant reduction in biomass and grain yield as compared to P-receiving treatments. This may be due to the inhibition of primary root development, manifested as decreased cell elongation, reduced cell division, and diminished meristematic activity (Svistoonoff et al. 2007).​ So, this study clearly demonstrates impact of P on cell division, cell elongation and enlargement which have positive impact on maize growth and productivity.
The commercial water-soluble P fertiliser (DAP) releases active nutrient content within 5 days, whereas this study, which uses a fertiliser mixture, can provide active nutrients throughout the vegetative phase, helping in root proliferation and crop establishment (Sarkar et al. 2018). Here we can say that the mixture of PAPR and DAP react with each other following enhancing the P supply ability due to more dissolution unreacted part of apatite in PAPR and simultaneously it facilitates the slow realising ability of new P fertilizer mixture. The dissolution of phosphate rocks (PRs) in soil is a dynamic process that depends crucially on the removal of the dissolution products, specifically calcium ions (Ca2+) and dihydrogen phosphate ions (H2PO4-), from the immediate vicinity of the phosphate rock particles. “This removal is primarily facilitated through processes such as adsorption or ion exchange by soil particles, as well as uptake by plant roots. When these ions are removed from the solution surrounding the PR, the chemical equilibrium shifts, allowing further dissolution of the phosphate rock” (Saied et al. 2022). Ryan et al. (2015) demonstrated that enhanced early vigour contributes to improved plant growth under phosphorus-suboptimal conditions and thereby enhances the efficiency of phosphorus uptake and utilisation. 
The relative agronomic efficiency (RAE) helps in evaluating how efficiently a particular P fertilizer releases phosphorus in available forms to plants compared to conventional or reference fertilizers. The mixture of DAP and PAPR increase the dry matter content corresponding increasing the RAE, which eventually stress the role of PAPR as potential slow release fertilizer. The result of the study is parallel to Fukuda et al. (2022). The apparent P recovery aims at efficient P uptake and the DAP and PAPR fertilizer mixture act as efficient P fertilizer in supplying P to the maize crop. As the DAP supply quickly the nutrient P, while PAPR act as a slow release fertilizer aiming a steady flow of supply throughout the growth period of the crop.  The distinct mechanisms governing phosphorus fertilizer dissolution are driven by their impact on the soil microenvironment: newly synthesized acidic fertilizers facilitate the release of P-reactive cations (Al, Fe, Ca) into solution, where they form soluble ion pairs with phosphate ions without precipitating as insoluble phosphates, thereby sustaining P availability; conversely, diammonium phosphate (DAP) dissolution generates localized alkalinity due to ammonia release, promoting the precipitation of metal phosphates as insoluble compounds around fertilizer granules, which limits immediate phosphorus solubility and availability (Sarkar et al. 2018; Mao et al. 2023).
Both soil microbes and plant roots contribute to acid phosphatase production, whereas alkaline phosphatase is exclusively synthesized by soil bacteria (McLachlan, 1980). During the flowering stage, enhanced root growth coupled with increased microbial activity elevates acid phosphatase levels to their peak. Concurrently, rhizosphere acidification driven by root exudation likely suppresses alkaline phosphatase activity to its minimum (Tabatabai and Bremner, 1969; Biswas et al. 2022b; Lu et al. 2024). When PAPR is applied to soil, the mono-calcium phosphate present in it is hydrolyzed to H3PO4 which then reacts with the previously unreacted rock phosphates. Thus, activity of alkaline phosphatase is maximum reported in P deficient soil and result of our study is parallel with the findings.
4. Conclusion 
The findings of the study revealed that application of DAP and PAPR in 50:50 proportion (T7) can augment the maize growth, yield, and productivity. In most of the yield parameters and P uptake this fertilizer mixture outperforming the sole application of PAPR, PR and no P treatments but it is at par with DAP (RDF) with an increment. The P uptake, RAE and P recovery index indicates that role of PAPR as a slow released fertilizer, which has the P supply ability throughout the vegetative phase of crop growth. The biomass yield and root weight at the time of the flowering are key indicator of this finding. The available P content of post-harvest soil convey the residual ability in nourishing the P to the next crop. The alkaline phosphatase activity during flowering is the key indicator of P limitation, which also suggest slow supply of P by PAPR. The experiment takes a note that use of DAP and PAPR fertilizer mixture not only reduce the dependency on DAP, but also augment the yield of the maize crop.
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APR	T3	T4	T5	T6	T7	50.062500000000007	7.0125000000000082	29.412499999999994	36.725000000000009	54.637500000000024	RAE	T3	T4	T5	T6	T7	100	13.432835820895525	79.104477611940268	83.582089552238799	107.46268656716418	Treatments


Percentage




a
a
d
a
b
bc
cd

T1	T2	T3	T4	T5	T6	T7	68.34	66.650000000000006	49.56	65.45	60.23	58.45	54.29	Treatments


Alkaline phosphatase activity
(µg P-nitrophenol g-1 soil hr-1)



PR	TP	WSP	CSP	WSP+CSP	CISP	8.41	0.19	1.71	1.9	6.51	PAPR (H3PO4)	TP	WSP	CSP	WSP+CSP	CISP	9.4	1.9	1.37	3.27	6.13	Forms of Phosphorus


P content (%)




Grain 	f
e
a
d
c
b
a

T1	T2	T3	T4	T5	T6	T7	9.9370000000000012	25.07	65.12	30.680000000000007	48.599999999999994	54.45	68.780000000000015	Stover 	g
f
b
e
d
c
a

T1	T2	T3	T4	T5	T6	T7	10.780000000000001	21.319999999999997	52.669999999999995	28.32	41.61	46.2	56.4	Biomass (flowering)	f
e
a
d
c
b
a

T1	T2	T3	T4	T5	T6	T7	12.12	25.5	79.360000000000014	34.200000000000003	55.440000000000005	62.100000000000009	75.3	Root (flowering)	d
d
a
c
b
b
a

T1	T2	T3	T4	T5	T6	T7	0.78	1.62	8.5500000000000007	3.19	6.1499999999999986	6.7200000000000006	9.1199999999999992	Treatments


P Uptake (mg pot-1)







