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Abstract 

Phosphorus, among others, is quite a vital nutrient for the life of a plant. Acidic soils render phosphorus 

mostly deficient due to fixation and precipitation of the phosphate ions in the iron and aluminium oxides 

and hydroxides dominant. Hence, proper replenishment of the soil P is very much important to cater 

the need of plant P requirement for better yield and development. The agricultural soils of Meghalaya 

are by default organic in nature and organic P pool contributes 15 to 80% of the total plant P nutrition. 

Moreover, a different nature of nutrient pools is evident in organic farming system compared to the 

conventional system. Lack of knowledge of these pools results in an unbalanced manuring plan which 

hinders successful production system. The dynamic fraction of P which is considered in conventional 

soil testing cannot explain the correct status of phosphorus in soils under organic production systems 

as the conventional soil testing protocols do not take into account the potentially available inorganic 

pools of phosphorus. Hence, a different extractant which can extract such potentially available P in an 

acidic soil under organic production system is highly required. The mineralization, solubilization and 

extraction of the potentially available P pool by various organic acids produced by the beneficial soil 

microorganisms and plant roots can serve this purpose. Therefore, the present research work was carried 

out to identify the suitable P extractant to extract such potentially available inorganic P pool. Result 

revealed that in comparison to the conventional Bray 1 extractant, 2% citric acid and double lactate 

extractants, among 6 different tested extractants were found to be strongly correlated to the total P. The 

significance of the research is to develop an appropriate soil testing protocol on the basis of which 

fertilizer prescription can be done for a successful organic cultivation.  
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Introduction 

Phosphorus (P) is considered to be the second-most essential macronutrient required for proper plant 

metabolism (Brady and Weil, 2008; Sanjay-Swami and Singh, 2020). It’s contribution towards root 

development, photosynthesis, respiration, signal transduction, nutrient movement, transfer of the 

genetic characters within the plant system proves phosphorus to be vital for the life of a plant (Malhotra 

et al., 2018). Phosphorus in soils is available as primary orthophosphate (H2PO4
-) in acidic pH (pH< 

7.2) and secondary orthophosphates (HPO4
2-) in alkaline pH (pH> 7.2) and as tertiary orthophosphate 

(PO4
3-) in more alkaline range (Tisdale et al., 2013). Mostly taken up by the plants as orthophosphoric 

forms, phosphorus remains available in the soil pH range of near neutral 6 to 6.5 or upto 7.5. About 

95% of the North-East Indian soils are acidic out of which around 65% soils come under strong acidic 

range with less than 5.5 pH (Thakuria et al., 2016). Out of the 21 million hectares (mha) acidic soil of 

NER of India, 2.24 mha soil covers the state Meghalaya (Singh and Swami, 2020). These soils can be 

seen deficient in phosphorus mainly due to fixation of phosphate in the iron and aluminium oxides and 

hydroxides dominant in the region. Hence, proper replenishment of P is very much needed to meet the 

plant P requirement in such soils. The soils of north-eastern part of India are particularly organic in 

nature. Again, like other states of the NER of India, Meghalaya is, by default, organic in nature and the 

farmers of this region are mainly organic producers (Mandal et al., 2006). Organic farming systems 

have got somewhat a different nature of nutrient pools as compared to the conventional farming systems 

(Saha and Mandal, 2011). In addition, the conventional soil test protocols for P do not take into account 

the potentially available inorganic P pools under an organic production system which is otherwise a 

very important contributor as far as plant P nutrition is concerned. That means, the dynamic fraction of 

P which is considered in conventional soil testing cannot explain the correct status of phosphorus in 



soils under organic production systems and application of P sources on the basis of conventional soil 

testing fails to attend the expected yields (Saha and Mandal, 2011). Thus, through the conventional 

methods of P extraction, one cannot know about the amount of P which is available in an organic farm. 

Hence, a different extractant which can suitably extract such potentially available P in an acidic soil 

under organic production system is highly required. Numbers of biological parameters are being used 

to assess the soil health for soils of organic farming (Oberholzer et al., 1999). The mineralization of the 

organic P present in the soil is mainly catalyzed by the acid enzymes released by various soil 

microorganisms, plant roots as well as decomposing organic matters. Phosphatase enzymes released by 

the soil microorganisms have the capability of mineralizing all known organic phosphates in the soil 

(Das, 1996). Also, several of the organic acids released by soil microorganisms have the ability to 

complex Al, Fe, Ca, Mg, Mn, and Zn by ion-exchange, surface adsorption, coagulation and peptization 

reactions and, therefore, play an important role in the mobilization of such metals in soil-water systems. 

These complexation reactions may lead to the release of P from P-bearing minerals (Kpomblekou-

Ademawou, 1993). For extracting these microbiologically exploited or potentially available pools of P, 

generally organic acids are recommended and hence this research work is based on identifying the best 

organic acid extractant in the organic farm soils of Ri-Bhoi district, Meghalaya. By knowing the amount 

of potentially available P in an organic farm and the suitable extractant which can extract the maximum 

amount of that P in such type of soils, proper recommendation of fertilizer dose and an appropriate soil 

testing protocol can be developed which is a very important factor for a successful organic cultivation. 

A search of literature revealed that a ready-to-use soil testing protocol for potentially available 

phosphorus dedicated to organic farming in Ri-Bhoi district, Meghalaya, is not yet developed. 

Therefore, the aim of the research work is to identify the particular extractant which can best work to 

extract such potentially available inorganic P in acidic soils under organic production system. 

Materials and Methods 

5 different sites basically of two soil orders (Inceptisol and Alfisol) of Ri-Bhoi district, Meghalaya were 

selected for the present study out of which, two sites were conventionally managed (farm of CPGS-AS, 

Umiam and a farm of Palwi village, Bhoirymbong) and three sites were organically managed (farm of 

ICAR, Umiam; a farm of Krydem village, Bhoirymbong and virgin forest soil of a farm of CPGS-AS, 

Krydemkulai). The soils of Palwi village and Krydem village were of Alfisol order whereas, the rest 

are of Inceptisol order. The basic characteristics of the soil sampling sites is presented in Table 1. 40 

random soil samples were collected (0-15 cm depth) from each of the sites, processed and well 

composited adopting standard procedures. Six composite sub-samples were derived from each of the 

sites and subjected to five different organic acid extractants (Table 2) and analyzed for different sizes 

of soluble P2O5 (kg/ha) as defined by the chosen extractants. The extractants were employed against the 

conventional Bray-1 extractant as check. The choice of the organic acid extractants was mainly based 

on their relative abundance in soil as released by various soil phosphate solubilizing microorganisms, 

plant roots or decomposing organic matter. The basic idea is to mimic a scenario which continuously 

goes on in the soil ecosystem to extract or solubilize the insoluble inorganic phosphorus. The means 

were compared using DMRT at 99% confidence level using SPSS software. The data generated were 

subjected to multiple linear regression analysis with total P as dependent variable and the suitable 

extractants were identified to be those which could explain the relationship stronger. The sizes of 

respective organic acid soluble P2O5 (kg/ha) are presented in Table 3. 

 

 

 

 

 



Table 1: Basic characteristics of the soil sampling sites 

            Sites 

 

 

 

 Particulars 

CPGS-AS 

farm, Umiam 

Palwi village, 

Bhoirymbong 

ICAR farm, 

Umiam 

Krydem 

village, 

Bhoirymbong 

CPGS-AS 

farm, 

Krydemkulai 

pH 4.70±0.20ab 4.58±0.12b 4.91±0.11ab 4.94±0.09ab 5.15±0.09a 

SOC (%) 1.13±0.06c 1.20±0.07c 1.81±0.14b 1.65±0.10b 2.53±0.13a 

Avl. P 

(kg/ha) 

16.25±0.67a 11.1±1.02b 16.07±0.82a 18.37±0.54a 17.25±0.35a 

Total P 

(kg/ha) 

1321.58±13.57e 1542.12±6.59d 1933.35±4.30a 1748.18±3.60b 1645.67±4.44c 

Age of the 

farm (years) 

1 >5 15 20 Virgin forest 

soil 

Crop Maize-

Fababean-

Maize 

Pineapple, 

Turmeric, 

vegetables 

Maize, French 

bean, pea, 

potato 

Turmeric, 

Maize, 

Vegetables 

Virgin forest 

soil 

Area (acre) 2.5 2.5 2.5 2 2.5 

Inputs General 

chemical inputs 

General 

chemical 

inputs 

FYM, 

vermicompost, 

manures 

Occasionally 

FYM, manures 

Virgin forest 

soil 

 

 

Table 2: Organic acid extractants employed to extract the potentially available inorganic phosphorus 

 

 

Sl 

no. 

Extractant  Composition  Reference  

1 Acetic acid extractant 0.54 N Acetic acid + 0.7 N 

Sodium acetate at pH 4.8  

Morgan, 1941 

2 Lactic acid extractant 0.02 M Ca-lactate + 0.02 M 

HCl at pH 3.7 

Egner-Riehm, 1955; Egner-

Riehm and Domingo, 1960 

3 Citric acid extractant 2% Citric acid  Blazer and Blazer-Graf, 1984 

4 Double lactate extractant 0.02 M Ca-lactate + 0.05 M 

Lactic acid at pH 4.1 

Dey et al., 2019, Riehm, 1943 

5 2, keto-glutaric acid extractant 0.05 M 2, keto-glutaric 

acid+0.02 M HCl at pH 4.0 

Dey et al., 2019 

6 Bray 1 extractant 0.03 N NH4F + 0.025 N HCl Bray and Kurtz, 1945 

*Means not sharing the same letters in the same column differs significantly (at p<0.01) by DMRT 



 

 

Results and Discussion 

pH, SOC (%), Avl. P (kg/ha) and total P (kg/ha) under different conventionally and organically 

managed soils 

The soils of each site were found to be strongly acidic but tended to buffer as the organic carbon (or 

organic matter) of the soil is increased, the highest pH being 5.15 in the virgin soil of CPGS-AS Farm, 

Krydemkulai. Organic soils were found to have higher soil organic carbon (SOC) (%) as compared to 

conventional soils. The highest SOC (%) was found in the virgin soils of CPGS-AS Farm, Krydemkulai 

(2.53%). Available P in the soils were found to be low, the effect being highly seen in the Alfisol soil 

order. This may be because of the fixation in the predominant iron and aluminium oxides and 

hydroxides in the acidic soils. Moreover, the highly weathered soils of Alfisol soil order exposed more 

of the adsorbing sites and facilitated more adsorption (Available P = 11.1 kg/ha). Total P of each site 

was found to be significantly different from each other. However, organic soils had higher sizes of total 

P than that of the conventional soils; the highest being 1933.35 kg/ha in ICAR farm, Umiam (Table 1). 

 

Sizes of the insoluble inorganic phosphorus pools as obtained via extraction by chosen organic 

acids (kg/ha) under different conventionally and organically managed soils (Table 3) 

Acetic acid extractable P was found to be higher in case of organic soils compared to the conventional 

soils. The highest soluble P2O5 of 6.827 kg/ha was obtained in the virgin soil of CPGS-AS farm, 

Krydemkulai while the lowest being 3.520 kg/ha in the alfisol soil of Palwi village of Bhoirymbong 

block.  However, compared to the other extractants, the size of this pool is relatively smaller. This may 

be because acetic acid is a monobasic acid with one carboxyl functional group which triggered lesser 

extent of chelation of the predominant iron and aluminium ions. Similar results were obtained by 

Korndorfer et al., 1995 while using water, Mehlich 1, and 0.5 M acetic acid as P extractants and 

determined that acetic acid extractable soil P related best to sugarcane crop response. 

Citric acid extractant has a superior chemical property as it is an alpha-hydroxy derivative of tribasic 

acid with three carboxyl and one hydroxyl functional groups (Gour, 1990, Drouillon and Merckx, 2003). 

The large negative charges facilitated huge chelating property as evident in the sizes of this pool in 

organically managed soils, highest being 45.365 kg/ha in the organically managed farm of ICAR, 

Umiam. Therefore, because of its tridentate structure, citric acid can enormously complex the metal 

cations (Stumm and Morgan, 1981). This also might be because of high stability constants of the Fe- 

citrate and Al- citrate complexes formed by chelation (Jones, 1998; Oburger et al., 2011). The presence 

of three carboxyl groups in its molecular structure makes citric acid more effective in mobilizing P than 

that of the mono- and di- carboxylic acids such as acetic acid or lactic acid (Gahoonia et al., 2000). 

Lactic acid extractant, being an alpha-hydroxy derivative of monobasic acid, has a carboxyl and a 

hydroxyl functional group which facilitated greater chelation property than that of the acetic acid 

extractant and the results of extraction by lactic acid extractant yielded more than 130% of soluble P2O5 

as extracted by acetic acid extractant (Gour, 1990). The active participation of the hydroxyl (OH) group 

in the process of P released was also confirmed by Kpomblekou and Tabatabai, 1994. However, lower 

sizes of this pool under organically managed soils indicated its lower contribution towards P nutrition 

under organic production system. 

Higher sizes of double lactate soluble P pool were evident in organic soils compared to the conventional 

soils because the lactic acid and its calcium salt result in a highly buffered extractant which could work 

maximally thereby facilitating maximum chelation. The highest value i.e., 47.590 kg/ha was obtained 

for the organically managed farm of ICAR while the lowest value was obtained in the soil of Palwi 

village 27.137 kg/ha. 



2, keto-glutaric acid has a keto functional group along with two carboxyl group in its structure which 

resulted in its tremendous chelating property as evident in all the studied organic soils while compared 

to the conventional soils. The highest amount obtained was in the virgin soil of farm of CPGS-AS, 

Krydemkulai (68.120 kg/ha) while the lowest value was obtained in the Alfisol soil of Palwi village of 

Bhoirymbong block. The findings obtained by Dey et al., 2019 in their experiment supports similar 

results. 

 

 

Site Management Acetic acid 

soluble P2O5 

(kg/ha) 

Citric acid 

soluble P2O5 

(kg/ha) 

Lactic acid 

soluble P2O5 

(kg/ha) 

Double lactate 

soluble P2O5 

(kg/ha) 

2, keto-

glutaric acid 

soluble P2O5 

(kg/ha) 

  

CPGS-AS Conventional 4.227±0.41b 12.220±0.90d 18.790±0.75a 33.180±1.00c 29.631±1.06c 

Palwi village Conventional 3.520±0.41b 5.630±0.46e 17.983±0.68ab 27.137±1.06d 25.257±1.00c 

ICAR Organic 6.427±0.37a 45.365±0.75a 16.340±1.00abc 47.590±1.03a 60.413±1.06b 

Krydem 

village 

Organic 6.599±0.29a 32.231±0.90b 14.990±0.60c 43.736±1.29ab 63.344±1.49ab 

Krydemkulai Organic 6.827±0.63a 24.027±1.28c 15.693±0.62bc 42.517±1.28b 68.120±1.71a 

 

 

Statistical analysis 

The data obtained were subjected to multiple linear regression and the results revealed that a very poor 

relationship was found among total P, organic carbon and Bray-1 P (R2= 0.26). However, when the data 

were subjected to multiple linear regression analysis with total P as dependent variable and organic 

carbon, extractants combination as independent variables, the results indicated that citric acid and 

double lactate extractable P together along with organic carbon were able to strongly define the variation 

of total P content in organic soils (R2= 0.93). Similar report by Dey et al., 2019 upheld the present study. 

 

Total P= 1283.70 + 203.10 OC% + 1 (Bray-1 P) (R2= 0.26) 

 

R² = 0.258
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*Means not sharing the same letters in the same column differs significantly (at p<0.01) by DMRT 

Table 3: Sizes of Acetic acid, citric acid, lactic acid, double lactate and 2, ketoglutaric acid soluble P
2
O

5
 of different sites 



Total P= 2566.36 + 268.41 OC% + 37.75 (Citric acid-P) – 58.63 (Double lactate-P) (R2= 0.93) 

 

 

Conclusion 

The results of the investigation suggested that 2, keto-glutaric acid soluble P2O5 contributed enormously 

towards P nutrition under organic production system because of its chemical structure. The dominant 

factor that influenced the sizes of P released was the type and position of the functional groups present 

within each carboxylic group (Kpomblekou and Tabatabai, 1994). The contribution, after 2, keto-

glutaric acid soluble P2O5, of each pool in the descending order was found to be as follows: double 

lactate soluble P2O5 > citric acid soluble P2O5 > lactic acid soluble P2O5 > acetic acid soluble P2O5. 

After subjecting the data to multiple linear regression analysis, results affirmed that the citric acid and 

double lactate extractants (R2=0.93) could be claimed as suitable extractants to extract the potentially 

available phosphorus under organic production system. Hence, it is advised to use citric acid and double 

lactate extractants for P estimation in acidic soils of Ri-Bhoi district, Meghalaya, India, under organic 

production and accordingly prescribe P doses through organic sources for a successful organic 

production system. 
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