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Abstract 

Sulphur (S) forms are important parameters in managing soil S status however; their importance on 

crops had not been fully elucidated. Incubation and screenhouse experiments were conducted to 

investigate the effects of cattle manure (CM), cattle manure and wood ash (CM+WA), poultry 

manure (PM), poultry manure and wood ash (PM+WA), and wood ash (WA) on S fractions and 

maize dry matter weight (DMW). Soils were collected from different agro-ecological zones. 

Animal manure and WA were applied at 90 kg P ha-1 and 5 t ha-1, respectively. Samples were 

analyzed for available, adsorbed, organic and total S at an interval of 4 weeks. Maize DMW was 

estimated after harvest. Data were subjected to analysis of variance using DMRT at 5% level of 

probability. The application of amendments resulted to decrease in total and organic S and increase 

in available and adsorbed S contents. PM or CM resulted to higher available and lower adsorbed S 

contents than PM+WA, CM+WA and WA amended soils in incubation study while soils amended 

with PM+WA or CM+WA had higher available and lower adsorbed S than PM, CM and WA 

amended soils under screenhouse study. The combined application of organic amendments with 

WA recorded 30, 100 and 153% higher available S content than sole application of animal manure, 

WA and control, respectively, and also higher maize DMW than WA and control in screenhouse 

study. The study concluded that the incorporation of animal manure with wood ash enhanced the 

consistent supply of soil available S status above the critical limit. 
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Introduction 

Sulphur (S) is an essential plant nutrient 

and plays a vital role in the synthesis of 

amino acids, chlorophyll and vitamins 

(Tiwari and Gupta, 2006). Plants absorb 

S mainly in the form of sulphate (SO4
2-) 

ions through the roots, thus SO4
2- ion 

must be present in soil solution in 

sufficient amount in order to meet crop S 

requirements (Brady and Weil, 2013). 

Extensive studies have been conducted 

on nitrogen (N) and phosphorus (P) as 

limiting nutrients for crop production in 

Nigeria (Ogunlela et al., 1988), but not 

much on S nutrition. Fertilizer regime for 

cereal crops in Nigeria emphasizes 

continuous application of high rates of N, 

fairly high rate of P and K, with no 

attention given to S. 
 

However, crop and soil deficiencies of S 

have been reported with increasing 

frequency in the last two decades in 

tropical soils (Scherer, 2001) resulting 

from soil organic matter depletion, 

leaching, erosion losses, continuous use 

of S-free fertilizers such as NPK, 

reduction of sulfur dioxide emission 

(Lehmann et al., 2008), increasing 

cropping intensity with high yielding 

cultivars and highly weathered coarse 

soils (Sipai et al., 2016) especially in 

high rainfall areas. Insufficient 

availability of sulphur to crop plants not 

only declines their growth and yield but 

can also deteriorate nutritional quality of 

the produce (Schonhof et al., 2007). 
 

Sulphur forms in soils varies widely 

depending on organic matter content, soil 

parent material, soil properties and the 

amount of S added via fertilizer 

amendments and atmospheric deposition 

(Scherer, 2009). The most important 

form of S uptake by plants is bioavailable 

sulphate (SO4
2–) in the soil solution. This 

form represents usually only about 1% of 

total S (Knauff, 2000). Another form is 

adsorbed S which is weakly bonded on 

the surface of soil colloids (McLaren and 

Cameron, 1996). More than 95% of total 

S in soil exists in organic form (Bankole 

et al., 2022) and becomes available 

through mineralization to sulphate in 

order to become available to plants. 
 

Soil characteristics especially organic 

matter may influence S fractions, 

particularly available S by controlling the 

availability, mobility, retention and 

leaching characteristics of highly mobile 

SO4
2--S in soils (Biswas et al., 2003). 

Animal manure is preferred amongst 

other organic manures because of it has 

high concentration of macro-nutrients 

(Duncan, 2005).  
 

Previous studies (Adetunji, 1991; 

Ogunsola and Adetunji, 2016) have 

reported both synergistic and antagonistic 

relationship between S and P, depending 

on their rate of application and crop 

species. Synergistic effect was observed 

at 30 and 45 kg P ha-1 by Kumawat 

(2004). Antagonistic relationship was 

observed at 45 and 60 kg P ha-1 in mung 
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and wheat (Islam et al., 2006) and in 

maize (Muhammed et al., 2015). Despite 

the general recognition of sulphate 

interactions in soils, little study on this 

aspect has been reported. Sulphate may 

be more available by the application of 

manure due to its high P contents. 

Limited information exists on the 

influence of organic source of P applied 

at higher concentration on S fractions. 

Therefore, this research was carried out 

to study the effect of organic 

amendments at 90 kg P ha-1 on soil S 

fractions and also its effect on maize 

performance. 

 

Materials and Methods 

Description of the Experimental Sites 

The experiment was carried out at the 

Federal University of Agriculture, 

Abeokuta (FUNAAB), Ogun State, 

Southwest Nigeria with Latitude 70 12' 

46.9''N to 70 20' 54.2''N and Longitude 30 

20' 18.1''E to 30 42' 21''E, located in a 

tropical humid climate, characterized by 

distinct wet and dry seasons; having 

altitude of 108 meters above sea level. 

The research work consisted of 

incubation experiment carried out at Soils 

of Forest Island in Africa (SOFIIA) 

Laboratory and pot experiment 

conducted in the screenhouse of Centre 

for Agricultural Development and 

Sustainable Environment (CEADESE). 

 

Soil samples collection and preparation 

Soil samples were randomly collected at 

a depth of 0-15 cm in six different 

locations in the forest and savannah agro-

ecological zones of Ogun State, Nigeria 

as shown in Table 1. Collected soil 

samples were air dried, pulverized, and 

sieved with 2 mm sieve and analyzed for 

soil properties. 

 

Soil laboratory analyses 

The prepared soil samples were analysed 

for pH in a 1:2 soil to water ratio using a 

glass electrode pH meter (McLean, 

1982). Soil electrical conductivity was 

measured in the suspension by the 

method of Jackson (1973). Particle size 

distribution was determined by the 

hydrometer method as described by 

Bouyoucous, (1951). Total organic 

carbon was determined using acid 

dichromate wet oxidation procedure by 

Nelson and Sommer (1996).                                          

nitrogen was determined by modified 

Micro-Kjeldahl digestion technique as 

described by Jackson (1964). Available P 

was extracted by Bray-1 procedure (Bray 

and Kurtz, 1945). The exchangeable 

sodium (Na), potassium (K), calcium 

(Ca) and magnesium (Mg) in the soils 

were extracted with normal ammonium 

acetate buffered at pH 7. The extracted 

Ca and Mg were determined by Atomic 

Absorption Spectrophotometer (AAS) 

while extracted Na and K were 

determined by flame photometer. 

Exchangeable acidity was determined 

titrimetrically according to Mclean 

(1982). The effective cation exchange 

capacity was calculated as the sum of 

exchangeable cations and exchangeable 
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acidity. Total S was determined by 

digestion of the soil with diacid mixture 

of nitric acid (HNO3) and perchloric acid 

(HClO4) in the ratio 3:1 (Chapman and 

Pratt, 1961). Available S was determined 

in 0.01 M CaCl2 extract (Williams and 

Steinbergs, 1959). Adsorbed S was 

determined from S extracted with 0.01M 

Ca(H2PO4)2.2H2O solution (Chesnin and 

Yien, 1951). Organic S was calculated as 

the difference between total S and 

adsorbed S. Sulphur in all the extracts 

was determined by the turbidimetric 

procedure of Chesnin and Yien (1951). 

 

Table 1: Geographical co-ordinates of the collected soil samples 
 

Location Parent 

Material 

Soil 

Order 

GPS 

coordinate 

Agro-ecological 

zone 

Vegetation (land 

use history) 

Distance 

above sea 

level (meter) 

Alabata Basement 

Complex 

Alfisol N07° 14' 21'' 

E03° 26' 49'' 

Forest/savannah Mixture of 

cropped, fallow 

land with weeds 

174 

Ojere  Basement 

Complex 

Alfisol  N07° 05' 57''  

E03° 20' 32" 

Forest/savannah Fallow land with 

tress 

61 

Owode  Basement 

Complex 

Ultisol N06° 53' 59''  

E03° 26' 38'' 

Forest/savannah Fallow land with 

grasses 

70 

Ijale orile  Sedimentary Ultisol N07° 11' 20''  

E03° 11' 16'' 

Savannah Grassland under 

fallow 

140 

Ikenne  Sedimentary  Alfisol  N06° 50' 53'' 

E03° 42' 34'' 

Forest Grassland and 

trees 

67 

Obada  Sedimentary  Alfisol  N07° 05' 48''  

E03° 18' 17'' 

Forest/savannah Fallow land with 

few trees 

64 

 

Phosphorus sources 

The treatments included the control (no 

amendment), poultry manure (90 kg P  

ha-1); poultry manure (90 kg P ha-1) + 

wood ash (5 t ha-1); cattle manure (90 kg 

P ha-1); cattle manure (90 kg P ha-1) + 

wood ash (5 t ha-1) and wood ash (5 t  

ha-1).  

 

Treatments collection and preparation 

Poultry and cattle manures were collected 

from College of Animal Science and 

Livestock Production Farm (FUNAAB). 

The management practices of the poultry 

and cattle were intensive and semi-

intensive, respectively, and both poultry 

and cattle manures were found stored as 

heap within the livestock building. 

Collected poultry and cattle manure were 

air-dried and sieved with 2 mm sieve. 

Wood ash was collected from a 

renowned sawmill company at Obantoko, 

Abeokuta. 

 

Incubation study (Experiment 1) 

A closed incubation experiment was 

arranged in a Completely Randomized 

Design (CRD) with six treatments and 

six soils (Alabata, Ojere, Owode, Ijale-

orile, Ikenne and Obada) in three 
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replications which consisted of a total of 

108 experimental units. The experiment 

was carried out for 12 weeks. Two 

hundred grams of six air dried soils were 

passed through 2 mm sieve, was 

dispensed into incubation plastic 

containers. Treatments were applied 

appropriately into each plastic and mixed 

accordingly. The samples were mois-

tened and incubated for 12 weeks. 

Temperature of the experiment was 

recorded daily with the aid of a 

Laboratory thermometer. Soil samples 

were collected at 4 weeks interval and 

analyzed for S-fractions (total, organic, 

adsorbed and available S). 

 

Screenhouse experiment (Experiment 2) 

The pot experiment was conducted in a 

Screenhouse and was arranged in a CRD 

with four soils (based on their perfor-

mance in the incubation study) and six P 

sources in three replications. This experi-

ment was conducted in two cycles; 8 

weeks each. Five kilogram of soil sample 

was weighed into a perforated pot with 

treatments applied separately into each 

pot. The samples in the pots were 

moistened and hybrid maize seeds were 

sown at 3 seeds per pot. The plant was 

thinned to one stand per pot after two 

weeks. Soil samples from the treatments 

were collected at 0, 4 and 8 weeks of the 

experiment and analyzed for S-fractions. 
 

Harvesting of maize was carried out at 8 

weeks of each planting. Maize shoots 

were cut from the root level in the trial 

pots and kept in a labeled paper bags to 

avoid decomposition; the plant samples 

were cleaned to remove contaminants 

before air dried. The dry matter weight 

(DMW) was determined by drying plant 

materials in an oven at temperature of 

≤65°C to constant weight. The second 

cycle experiment was carried out 

immediately after the first screenhouse 

experiment to determine the residual 

effect of applied treatments on S 

fractions and maize DMW. The experi-

mental procedure was repeated as in the 

first cycle. 
 

Statistical analysis 

Data collected were subjected to Analysis 

of Variance (ANOVA) using the 

GENSTAT statistical package 9th edition 

(David et al., 2017). Treatment means 

were separated for significant difference 

using Duncan’s Multiple Range Test at 

5% level of probability. 

 

Results 

Physical and chemical properties of the 

experimental soils 

The properties of the experimental soils 

as presented in Table 2 showed that the 

soils ranged from sand to sandy loam in 

texture. The pH of the soils ranged from 

very strongly acid (5.0) in Ijale-orile soil 

to slightly acid (6.2) in Ojere. Organic 

carbon content of the soils ranged from 

low (0.46%) to moderate (1.37%). 

Exchangeable cations ranged from 0.08 

to 4.94 cmol kg-1. The available P status 

of the soils ranged from low 4.31 mg kg-1 

to medium 18.39 mg kg-1 with Ojere 
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being the soil with the highest inherent P 

while available S ranged from 7.17 to 

14.19 mg kg-1. The total nitrogen of the 

soils ranged from 0.04-0.14%.  

 

Characterization of organic amendments 

used 

The characterization of the organic 

amendments as indicated in Table 3 

showed that the pH of wood ash was the 

highest (11.06) among others with a 

corresponding electrical conductivity of 

4.39 ds m-1. Similarly, the values of the 

exchangeable bases were highest. The 

total organic carbon content of the 

amendments and C:N ration ranged from 

0.16 to 1.69% and 4.78 to 14.15, respect-

tively, with cattle manure being the 

highest. Poultry manure had the highest 

amount of total N, while the mixture of 

poultry manure and woodash has the 

highest amount of total P and S. 

Generally, the micro-nutrient composi-

tions of the amendments were of variable 

proportions. 
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 Incubation study (Experiment 1) 

Available S 

The effects of the amendments on 

available S (Av. S) in during incubation 

study are presented in Tables 4 to 6. Soil 

amended with animal manure and 

combined application of animal manure 

with WA recorded significantly higher 

Av. S content all through the periods of 

the experiment compared with control 

and WA treated soil. However, PM 

amended soil recorded the highest 

amount of Av. S among treated soils all 

through the incubation study. The highest 

amount of Av. S in all soils was recorded 

at 12 WAI except in Alabata (had highest 

Av. S at 8 WAI) while the least amount 

of Av. S was recorded in the control at 12 

WAI in most locations except in Ijale-

orile and Obada soils (where Av. S was 

lowest at 8 WAI). The mean Av. S 

content in soils amended with CM, PM 

and WA was 49, 88 and 46% higher and 

a further 353, 400 and 132% higher than 

the control at 4 and 8 WAI, respectively. 

Available S content in all treated soils 

followed this trend; PM > CM > 

PM+WA = CM+WA > WA > control 

except Ojere. At 12 WAI, the mean Av. S 

content in soils amended with PM and 

CM was 30 and 29% higher than 

PM+WA and CM+WA while at 0 WAI, 

Av. S was comparably higher by 7 and 

8% in soil amended with PM and CM. 

 

Adsorbed S 

Soil treated with PM had the highest 

adsorbed S values except in soils from 

Alabata and Ikenne (from 0 to 4 WAI), 

and was significantly higher than the 

control and WA amended soil as shown 

in Tables 4 to 6. Manure treated soils 

(CM, CM+WA, PM and PM+WA) were 

observed to be significantly higher than 

control at 4 WAI, control and WA treated 

soil at both 8 and 12 WAI. As period of 

incubation increased, adsorbed S content 

in soils amended with CM+WA and 

PM+WA increased over CM and PM. 

The adsorbed S content in soils amended 

with CM+WA and PM+WA was 12.9 

and 13.3% higher than CM and PM 

amended soil, respectively. At 12 WAI 

the adsorbed S contents in soils treated 

with CM, PM and WA was 62, 64 and 

37% higher while at 0 WAI adsorbed S 

was comparably higher by 34, 40 and 

18% than the control, respectively. 
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Organic S 

The highest value of organic S content 

was 544.01 followed by 494.83 mg kg-1 

(Tables 4 to 6) in PM amended soils of 

Obada and Ojere, respectively at 0 WAI 

while the lowest value was 129.87 

followed by 170.29 mg kg-1 in the control 

soils of Ikenne and Alabata, respectively 

at 12 WAI. Organic S was the dominant 

fraction of the total S in all treatments, 

the highest mean contribution of organic 

S to total S was 93.4% in PM amended 

soil followed by soils amended with CM 

(91.3%) and PM+WA (90.4%), while the 

lowest was 84.5 % in WA amended soil 

followed by 86% in the control.  
 

In the incubation study, soil amended 

with PM recorded significantly higher 

organic S than other amendments except 

CM amended soil of Ijale-Orile and 

Obada. All manure amended soils had 

significantly higher organic S than the 

control. Significant differences were not 

observed between the control and WA 

amended soil, and soils treated with 

CM+WA and PM+WA though the 

formers had higher amount of organic S. 

 

Total S 

The highest total S content was recorded 

in PM amended soil except in Ijale-orile 

where CM amended soil had the highest 

S value (Table 4 to 6). The amount total 

S was not significantly different between 

soils treated with CM+WA and PM+WA, 

however, manure amended soils recorded 

significantly higher total S than the 

control and wood ash amended soil. Soil 

amended with WA, CM+WA, PM+WA, 

CM and PM had total S mean values of 

3.9, 25.1, 36.4, 62.4 and 119.3% higher 

than the control. Total S content in 

treatments declined all through the 12 

weeks of the incubation study, though it 

was observed to be more pronounced in 

the control (10.2%) compared to PM 

(7.4%). 

 

Screenhouse (Experiment 2) 

Available S 

Soil treated with PM+WA recorded the 

highest amount of available S as 

presented in Tables 7 to 10, though, not 

significantly higher than CM+WA 

amended soils. Available S in manure 

amended soils was observed to be 

significantly higher than the control and 

WA, though, soil amended with WA was 

observed to record significantly higher 

amount of available S over the control 

only at 16 WAI in all soils except in 

Alabata where it was significantly higher 

from 8 to 16 WAI. Soil amended with 

PM+WA had significantly higher 

available S content compared to PM by 

24.2%, likewise soil treated with 

CM+WA was 26.7% higher than CM 

amended soil and soil amended with WA 

had 27% higher available S than the 

control. 

 

Adsorbed S 

Soils amended with PM recorded the 

highest adsorbed S content (Table 7 to 

10) and was significantly higher than 
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other treatments while the control had 

significantly the lowest. Adsorbed S 

content in soils amended with CM and 

PM was 64% and 141% higher than the 

control at 8 WAI (end of first cycle) 

while a further increase of 160% and 

238% over the control at 16 WAI (end of 

the second cycle), respectively. Soils 

amended with CM+WA and PM+WA 

had 49% and 58% higher adsorbed S than 

WA amended soil at 8 WAI, while at 16 

WAI, 34% and 55% was recorded, 

respectively.  
 

Organic S 

The highest value of organic S content 

was 513.13 mg kg-1 followed by 503.51 

mg kg-1 in PM amended soils of Obada 

and Ijale-orile, respectively, at 0 WAI 

while the lowest value was 121.17 mg 

kg-1 in WA amended soil of Owode at 16 

WAI (Table 7 to 10). However, the 

highest and lowest mean organic S was 

366.7 and 203.5 mg kg-1 in PM and 

control, respectively. The highest mean 

contribution of organic S to the total S 

was 89.7% in PM amended soil followed 

by soil amended with CM (88.9%) while 

the lowest was 85.5% in WA amended 

soil. 
 

Organic S content in soils treated with 

CM+WA and PM+WA were observed to 

be significantly higher than WA amended 

soil and control. Organic S content in 

treated soils and the control decreased 

gradually as the periods of study 

increased, however, the highest and 

lowest decrease in organic S content was 

in CM+WA and PM amended soils by 

13.3 and 7.8%, respectively, though 

highest and lowest rate of decrease of 

organic S in treated soils and control was 

recorded at 4 and 12 WAI by 19.4 and 

6%, respectively. 
 

Total S 

The highest mean value of total S (Tables 

7 to 10) in each location was observed in 

PM amended soil. Total S content in both 

PM and CM amended soils was observed 

to be significantly higher than PM+WA 

and CM+WA, respectively, while signi-

ficant difference was not observed 

between CM+WA and PM+WA 

amended soils though soil treated with 

PM+WA had higher total S content. 

Manure amended soils had significantly 

higher total S content than the control 

and WA treated soil, however, soil 

treated with WA, CM+WA, PM+WA, 

CM and PM had 4, 25, 26, 38 and 44% 

higher total S than the control, 

respectively. Total S content in treated 

soils declined all through the study, 

though it was observed to be more 

pronounced in soil amended with WA 

that decreased by 12% compared to PM 

amended soil (7.5%), however, total S 

rate of decrease was highest at 4 WAI 

(12.7%) followed by 16 WAI (11.2%), 

while the least was at 8 WAI by 7.8%. 
 

Effects of amendments on maize plant 

Dry matter weights   

Maize dry matter weights (DMW) 

produced by CM, CM+WA, PM and 

PM+WA were significantly superior to 
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the control (Table 11). Soils treated with 

CM and CM+WA resulted to 

significantly higher DMW than WA 

amended soil except Alabata. Comparing 

the general effect of amendments on 

maize plant DMW, the highest DMW per 

plant was obtained in soil amended with 

CM followed by CM+WA, both 

observed in Ijale-orile soil while the 

lowest was noticed in Ijale-orile soil 

followed by Obada, both were control 

treatments. 
 

The residual effect of CM, CM+WA and 

PM amended soils on maize plant DMW 

were significantly higher than the 

control. In the same pattern, manure 

amended soils were found to be 

significantly higher than the WA 

amended soil except Alabata soil treated 

with CM+WA. Comparing the residual 

effect of amendments, the highest maize 

plant DMW was recorded in Ijale-orile 

soil followed by Obada soil treated with 

CM respectively while the lowest was 

recorded in Ijale-orile soil followed 

Owode soil, treated with WA. 

 

Discussion 

The application of poultry manure 

resulted to high amount of soil available 

S during incubation study, this could be 

attributed to the fact that the applications 

PM contributed high available S content 

than other amendments. In incubation 

study, CM or PM amended soil recorded 

higher available S content than CM+WA 

or PM+WA, because higher amount of 

Ca2+ and Mg2+ in wood ash enhance the 

adsorption of SO4
2- therefore reducing 

the amount of available S in an 

undisturbed system. Contrary to the 

incubation study soil amended with 

PM+WA under screenhouse condition 

had the highest available S content 

followed by CM+WA. 
 

In the screenhouse, the highest available 

S content was at 8 WAI and gradually 

decreased as the period of study 

continued thus the second cycle of the 

screenhouse trial was characterized with 

continual decrease in available S content. 

According to Solomon et al. (2005), 

available S decrease could be as a result 

of soil floral utilization, plant up-take or 

leach to a greater soil depth by 

percolating water. The experimental 

control recorded the sulphate content (4.6 

mg kg-1) which was below the require-

ment of S for maize in Nigeria soil as 

reported by Kang and Osiname (1976) 

and Adetunji (1991). The study found 

that soil treated with PM+WA had the 

highest adsorbed S content, possibly due 

to poultry manure application, indicating 

WA's influence on organic S mineraliza-

tion and SO4
2- adsorption. These results 

is in agreement with Srinivasarao et al. 

(2004) and Bankole et al. (2024) who 

reported that available S react with 

CaCO3 when limed to get converted into 

insoluble and nonbio- available form to 

plant when not utilized by plant or soil 

organisms. 
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Adsorbed S content in CM+WA treated 

soil was 15% and soil amended with 

PM+WA was 16% higher than CM and 

PM amended soils, respectively, these 

results explained the influence of wood 

ash on the increase of adsorbed S 

content, several investigators also 

observed that SO4
2- adsorption in soils 

increased in the presence of lime (Barrow 

1972; Chao et al., 1963; Marsh et al., 

1987; Marco-Martinez and McBride 

1989). The mechanism of “cooperative 

adsorption” has been proposed by 

Marcano-Martinez and McBride (1989) 

as the possible mechanism in which Ca2+ 

and SO4
2- form an ion pair which 

displaces the neighboring water 

molecule, so Ca2+ and SO4
2- adsorption 

increased. 

 

Table 7: Effect of amendments on sulphur fractionation in soils Alabata and Ijale-orile under 

Screenhouse study 

 
 Available S (mg kg-1) Adsorbed S (mg kg-1) Organic S (mg kg-1) Total S (mg kg-1) 

Alabata 0WAI 4WAI 8WAI 0WAI 4WAI 8WAI 0WAI 4WAI 8WAI 0WAI 4WAI 8WAI 

Control 22.63c 10.92

e 

8.44d 25.55

b 

33.67e 29.52d 224.71

d 

190.69c 190.02c 250.26

c 

224.36

c 

219.54

d 

CM 27.13ab 33.45

c 

37.3b 35.57

a 

55.09b 54.5b 427.4a 378.72a 299.61a 462.97

a 

433.81

a 

354.11

b 

CM + 

WA 

23.7bc 44.64

a 

42.52

a 

29.91

b 

47.32c 45.77c 352.66

b 

255.14b 234.22b 382.57

b 

302.46

b 

279.99

c 

PM 22.71c 29.2d 31.67

b 

34.21

a 

73.19a 71.13a 422.2a 354.14a 313.19a 456.4a 427.33

a 

384.32

a 

PM + 

WA 

28.83a 39.31

b 

39.41

a 

33.43

a 

51.77b

c 

48.62b

c 

323.87

b 

251.15b 234.75b 357.29

b 

302.91

b 

283.37

c 

WA 18.21d 13.7e 21.27

c 

27.22

b 

38.97d 30.69d 268.53

c 

205.65c 200.81b

c 

295.75

c 

244.62

c 

238.5d 

SE(±) 1.53 5.57 5.30 1.66 5.66 6.36 33.24 31.55 20.68 34.76 36.45 26.27 

Ijale-

orile 

            

Control 14.97c 26.54

c 

20.62

d 

17.07

d 

24.78d 27.21b 217.22

d 

194.74d 176.25d 234.29

d 

219.51

d 

213.47

d 

CM 33.02b 36.8b 39.26

c 

40.79

b 

59.96b 54.88a 426.77

b 

316.75b 298.83b 467.56

b 

376.7b 353.71

b 

CM + 

WA 

37.48a 47.52

a 

49.3a 30.28

c 

55.84b 51.4a 336.02

c 

280.67b

c 

235.21c 366.3c 336.51

c 

286.61

c 

PM 31.07b 36.28

b 

44.28

b 

46.94

a 

75.37a 58.35a 503.51

a 

399.64a 391.66a 550.45

a 

475a 450.01

a 

PM + 

WA 

35.57a 47.67

a 

50.29

a 

33.39

c 

57.29b 53.68a 337.44

c 

274.8c 266.79b 370.83

c 

332.09

c 

310.47

c 

WA 14.36c 19.89

d 

23.19

e 

16.93

d 

29.8c 31.11b 238.73

d 

216.12d 210.35c 255.66

d 

245.92

d 

241.47

d 

SE(±) 4.23 4.54 5.29 4.99 7.90 5.46 44.55 30.02 31.05 49.49 37.65 34.68 

 

Means with the same letter(s) within the same column are not significantly different at  

p ≤ 0.05; SE- standard error  

WAI – weeks after incorporation; CM – Cattle manure (90 kg P ha–1); PM – Poultry manure 

(90 kg P ha–1); WA – Wood ash (5 t ha–1) 
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Table 8: Effect of amendments on sulphur fractionation in soils Obada and Owode under 

Screenhouse study 
 

 Available S (mg kg-1) Adsorbed S (mg kg-1) Organic S (mg kg-1) Total S (mg kg-1) 

Obada 0WAI 4WAI 8WAI 0WAI 4WAI 8WAI 0WAI 4WAI 8WAI 0WAI 4WAI 8WAI 

Control 26.66c 21.37d 25.1d 32.46b 33.4d 34.87c 308.36c 290.81

c 

275.76

c 

340.81c 332.21

c 

310.63

c 

CM 34.13b 39.02c 40.38c 42.33a 62.99b 59.57b 473.85a 431.79

a 

398.69

a 

516.17a 494.79

a 

458.26

a 

CM + 

WA 

39.97a 50.2a 50.44a 41.7a 55.12c 52.41b 398.44b 357.72

b 

303.6b

c 

440.14b 412.84

b 

356.02

b 

PM 34.83b 41.92bc 45.63b 45.07a 70.7a 67.76a 513.47a 469.76

a 

425.19

a 

558.54a 510.47

a 

482.96

a 

PM + 

WA 

40.68a 44.07b 51.3a 43.41a 65.62b 55.79b 385.94b 334.94

b 

315.8b 429.35b 400.57

b 

371.59

b 

WA 20.8d 24.7d 26d 31.84b 37.77d 32.64c 279.69c 263.77

c 

248.9c 311.54c 310.53

c 

301.54

c 

SE(±) 3.17 4.65 4.78 2.36 6.28 5.70 37.03 32.59 28.39 39.15 33.33 30.73 

Owode             

Control 19d 19.11d 18.46d 24.32c 26.68e 24.53c 228.14d 191.15

c 

160.24

c 

252.46c 217.83

c 

184.67

c 

CM 31.44b 30.16b 30.35c 32.8b 54.13b 52.13a 331.81a

b 

280.74

a 

271.14

a 

364.61a

b 

334.87

a 

323.27

a 

CM + 

WA 

33.9ab 38.92a 39.85b 31b 43.14c 43.53b 298.8bc 248.02

b 

215.6b 329.8b 281.16

b 

259.13

b 

PM 23.5c 32.09c 39.33b 39.12a 59.68a 58.26a 364.58a 295.02

a 

280.7a 403.61a 335.7a 328.96

a 

PM + 

WA 

37.26a 49.2b 40.6a 30.43b 52.63b 44.65b 252.96c 219.7b 215.66

b 

283.4c 272.33

b 

270.31

b 

WA 16.43d 19.72d 18.25d 23.79c 32.92cd 22.51c 185.47d 182.83

c 

165.5c 209.26d 205.75

c 

200.01

c 

SE(±) 3.47 4.70 4.32 2.33 5.30 5.93 27.38 18.92 20.70 29.58 22.64 24.58 

 

Means with the same letter(s) within the same column are not significantly different at  

p ≤ 0.05; SE- standard error 

WAI – weeks after incorporation; CM – Cattle manure (90 kg P ha–1); PM – Poultry manure 

(90 kg P ha–1); WA – Wood ash (5 t ha–1) 

 

Table 9: Residual effect of amendments on sulphur fractionation in soils of Alabata and Ijale-

Orile under Screenhouse study 

 Available S (mg kg-1) Adsorbed S (mg kg-1) Organic S (mg kg-1) Total S (mg kg-1) 

Alabata 8WAI 12WAI 16WAI 8WAI 12WAI 16WAI 8WAI 12WAI 16WAI 8WAI 12WAI 16WAI 

Control 8.44d 2.52d 1.89d 29.52d 18.44e 15.38d 190.02c 166.56d 154.19c 219.54d 185d 169.58c 

CM 37.3b 34.89b 25.91b 54.5b 47.92b 40.62b 299.61a 290.91a 280.11a 354.11b 333.83a 304.73a 

CM + 

WA 

42.52a 38.01b 27.86b 45.77c 37.68c 30.33c 234.22b 205.5bc 194.83b 279.99c 253.18b 229.16b 

PM 35.67b 32.29b 28.59b 71.13a 57.34a 52.05a 313.19a 308.65a 301.77a 384.32a 355.99a 333.83a 

PM + 

WA 

39.41a 47.41a 37.98a 48.62bc 43.52b 35.26c 234.75b 234.93b 198.57b 283.37c 278.45b 233.83b 

WA 21.27c 15.66c 14.12c 30.69d 28.95d 22.62d 200.81bc 186.85cd 152.84c 238.5d 215.81c 175.47c 

SE(±) 5.38 6.69 5.20 6.36 5.66 5.33 20.68 23.36 18.34 26.27 27.07 27.24 

Ijale-

orile 

            

Control 20.62d 15.58c 3.68e 27.21b 25.76d 16.33d 176.25d 166.35d 160.13d 213.47d 202.11e 194.56d 

CM 39.26c 30.28b 22.73c 54.88a 43.2c 42.81b 298.83b 271.71b 248.31b 353.71b 284.91b 251.12b 

CM + 

WA 

49.3a 46.33a 38.65b 51.4a 48.42b 40.38b 235.21c 220.29cd 218.42c 286.61c 258.71c 238.8bc 

PM 44.28b 36b 29.82c 58.35a 54.53a 50.77a 391.66a 376.05a 356.63a 450.01a 410.58a 350.4a 

PM + 50.29a 46.68a 40.07a 53.68a 48.62b 43.66b 266.79b 249.39bc 233.08bc 310.47c 298.01b 253.74b 
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WA 

WA 23.19e 14.86c 10.21d 31.11b 25.87d 23.48c 210.35c 199.22d 185.41d 241.47d 235.09d 228.89c 

SE(±) 5.29 5.78 6.09 5.46 5.04 5.43 31.05 29.87 27.87 34.68 29.39 21.36 

 

WAI – weeks after incorporation; CM- Cattle manure (90 kg P ha–1); PM – Poultry manure  

(90 kg P ha–1); WA – Wood ash (5 t ha–1) 

Table 10: Residual effect of amendments on sulphur fractionation in soils of Obada and 

Owode under Screenhouse study 
 

 Available S (mg kg-1) Adsorbed S (mg kg-1) Organic S (mg kg-1) Total S (mg kg-1) 

Obada 8WAI 12WA

I 

16WA

I 

8WAI 12WA

I 

16WA

I 

8WAI 12WAI 16WAI 8WAI 12WAI 16WAI 

Control 25.1d 14.39c 6.59d 34.87c 26.15c 17.44e 275.76

c 

243.14

c 

225.07

c 

310.63

c 

259.28

c 

242.51

c 

CM 40.38c 34.77b 29.04b 59.57

b 

52.86b 44.58b 398.69

a 

351.08

a 

330.49

a 

458.26

a 

403.95

a 

355.07

a 

CM + WA 50.44a 45.48a 33.2b 52.41

b 

49.76b 34.56c 303.6b 284.5b 272.21

b 

356.02

b 

334.26

b 

326.76

b 

PM 45.63

b 

38.44b 32.59b 67.76a 64.54a 60.87a 415.19

a 

382.8a 364.32

a 

482.96

a 

427.34

a 

361.2a 

PM + WA 51.3a 46.41a 40.86a 55.79

b 

50.61b 42.93b 315.8b 287.88

b 

274.93

b 

371.59

b 

338.49

b 

327.86

b 

WA 26d 18.44c 15.99c 32.64c 25.13c 22.97d 248.9d 225.22

c 

213.14

c 

301.54

c 

290.35

c 

266.12

c 

SE(±) 4.78 5.56 5.17 5.70 6.45 6.45 27.27 24.88 23.97 30.73 26.27 19.72 

Owode             

Control 18.46e 13.93e 6.34e 24.53c 17.25c 15.9c 160.24

c 

154.32

d 

151.17

d 

184.67

c 

171.57

d 

167.07

c 

CM 30.35

b 

35.48c 26.63c 52.13a 46.71a 40.09b 271.14

a 

256.03

a 

240.9a 323.27

a 

292.74

a 

265a 

CM + WA 39.85

b 

41.73b 37.53b 43.53

b 

35.9b 30.15b 215.6b 188.24

c 

174.54

c 

259.13

b 

221.14

c 

203.59

b 

PM 29.33c 36.6c 34.29b 58.26a 50.39a 47.88a 280.7a 262.29

a 

247.57

a 

328.96

a 

299.68

a 

274.56

a 

PM + WA 40.6a 46.89a 44.29a 44.65

b 

39.53b 33.82b 215.66

b 

210.85

b 

205.63

b 

270.31

b 

259.38

b 

219.46

b 

WA 18.25

d 

20.1d 13.19d 22.51c 20.36c 18.14c 165.5c 140.51

d 

121.17

e 

200.01

c 

172.87

d 

139.31

c 

SE(±) 4.00 5.22 6.00 5.93 5.55 5.07 20.70 20.72 20.52 24.58 23.22 21.72 

 

WAI – weeks after incorporation; CM – Cattle manure (90 kg P ha–1); PM – Poultry manure 

(90 kg P ha–1); WA – Wood ash (5 t ha–1) 

 

Table 11: Effect of amendments on maize plant DMW 
 

First cycle  DMW ( g pot-1) 

Treatments Alabata Ijale-orile Obada Owode 

Control 13.31b 2.9c 3.93d 9.00c 

Cattle manure  22.12a 22.77a 17.49a 19.87a 

Cattle manure + Wood ash  21.75a 22.6a 15.06a

b 

14.15b 

Poultry manure  21.72a 15.39b 10.76c 15.23ab 

Poultry manure + Wood ash  20.62a 12.29b 11.26b

c 

14.82b 

Wood ash  19.36a 5.47c 8.34cd 9.09c 

SE(±) 1.36 3.42 1.96 1.69 



 `  

 

32 

 

Journal of Plant Science and Crop Production (JOPS), Vol. 1, 2024 

Second cycle  

Control 3.81d 2.56e 4.13d 2.11d 

Cattle manure  13.09a 14.79a 13.14a 9.82a 

Cattle manure + Wood ash  7.36bc 10.04b 12.8a 9.38a 

Poultry manure  8.44b 7.32c 8.72b  6.17b 

Poultry manure + Wood ash  8.32b 4d 6.28bc 3.74c 

Wood ash 5.3cd 1.57e 3.85d 1.71d 

SE(±) 1.30 2.06 1.68 1.45 
 

Means with the same letter(s) within the same column are not significantly different at p ≤ 0.05  

SE: standard error; DMW: Dry matter weight 
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Adsorbed S content in the screenhouse 

unlike in the incubation study, was higher 

in manure amended soil, this could be 

attributed to the fact that the presence of 

organic anions especially PO4
3- in 

manure may compete with SO4
2- for 

colloidal site thus SO4
2- was repelled 

from the site and lost to lower depth of 

the soil. Mehlich (1964) found out that 

the increased absorbed SO4
2- in soil 

solution was in relation to the addition of 

successive increment of Ca(OH)2, 

therefore little SO4
2-adsorption was 

expected in pot amended with PM+WA 

at the final week of the study. 
 

Organic S was the major fraction of S 

and further increased with the application 

of amendment, in the incubation study 

the mean contribution of organic S to 

total S was highest in poultry manure 

amended soil (94%). The proportion of 

organic S to total S slightly decreased in 

all soils, though, decrease was more 

prominent in soil amended with WA. 

This showed the influence of wood ash 

on the mineralisation of organic S. Jat 

and Yadas (2006) reported that the 

distribution of organic S in soils could be 

influenced by lime. The decrease of 

organic S in pots with combined 

application of manure with wood ash was 

higher than manure amended pots alone. 

This could be that the presence of wood 

ash enhanced greater rate of decomposi-

tion and mineralization of organic S. The 

proportion of organic to total S decreased 

in all amended treatments when 

compared with the initial, this dynamic 

change of organic S in the fraction of 

total S showed that organic S in the 

treatment is not static but changed from 

one form of S to another through 

mineralisation, similar findings was 

reported by Kertesz and Mirleau (2004).  
 

The total S content of treatments 

decreased throughout the studies, with 

the maximum decrease observed at 4 and 

12 WAI, possibly due to higher minera-

lisation rates, this finding is in agreement 

with Maynard et al. (1983) who reported 

that immobilization, mobilization and 

mineralisation occur simultaneously but 

at different time. Soil amended with 

manure and wood ash showed a higher 

decrease in total S, likely due to 

increased microbial activities. However, 

wood ash co-precipitated SO4
2-, causing a 

more pronounced decrease in total S and 

increased adsorbed S. 
 

Maize DMW produced by organic 

amendments were significantly superior 

to the control and wood ash amended pot, 

this shows the application of manure with 

wood ash was beneficial to the growth 

and development of maize plant and also 

maintaining soil fertility, similar result 

was reported by Poonia (2000) and 

Olatunji and Ayuba (2011).  

 

Conclusion 

The study reveals that the combination of 

animal manure and wood ash in 

cultivated soils leads to higher available 

and lower adsorbed sulfur content 
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compared to animal manure alone. This 

is compared to the sole application of 

animal manure in undisturbed systems. 

The study also found that while sulfur 

was deficient in cultivated soils, the 

combined application of animal manure 

with or without wood ash was effective 

in achieving high maize DMW. 

 

References 
Acquaye, D. F. and Kang, B. T. 1987. 

Sulphur status and forms in some 

surface soils of Ghana. Soil Science. 

144, 43–52. 

Adetunji, M. T. 1991. Effect of lime and 

phosphorus application on the sulphate 

adsorption capacity of southwestern 

Nigerian soils. Ife Journal of 

Agricultural Research. 13: 11-20. 

Bankole, G. O., Aghorunse A. C., and Azeez, 

J. O. (2024). Nitrogen, phosphorus, and 

sulphur mineralization kinetics as 

affected by biochar, manure and ash 

amendments – an incubation study. 

Arabian Journal of Geosciences, 17 

(5): 148. Springer.  

 https://doi.org/10.1007/s12517-024-

11942-3 

Bankole, G. O., Sakariyawo, O. S., Odelana, 

T. B., Aghorunse, A. C., Adejuyigbe, 

C. O. and Azeez, J. O. (2022). Sulfur 

Fractions, Distribution and Sorption 

Characteristics in Some Soils of Ogun 

State, Southwestern Nigeria. Communi-

cations in Soil Science and Plant 

Analysis, 53(15), 1887-1902 DOI: 

10.1080/00103624.2022.2069798. 

Barrow, N. J. 1972. Influence of solution 

concentration of calcium on the 

adsorption of phosphate, sulfate, and 

molybdate by soils. Soil Science. 

113:175-180. 

Biswas, H., Rattan, R. K., Datta, S. P. and 

Singh, A. K. 2003. Adsorption and 

Translocation of Sulfur in some 

Tropical Acid Soils Journal of Plant 

Nutrition and Soil Science, 166: 519-

524.  

Bouyoucos, G. N. 1951. A recalibration of 

the hydrometer method for making 

mechanical analysis of soil. Journal of 

Agronomy, 43:434–38. 

Brady, N. C. and Weil, R. R. 2013. The 

Nature and Properties of Soils. 14th 

Edition. Prentice Hall, Upper Saddle 

River, New Jersey, USA. 

Bray, R. H. and L. T. Kurtz. 1945. 

Determination of total and available 

forms of phosphorus in soils. Journal of 

Soil Science, 59: 38-45. 

Chao, T. T., Harward, M. E. and Fang, S. C. 

1963. Cationic effects of sulfate 

adsorption by soils. Soil Science Society 

of America Proceedings, 27:35-38. 

Chapman, H. D. and Pratt, P. F. 1961. 

Methods of Analysis of Soils, Plants 

and Waters; University of California: 

Riverside, CA. 184-196. 

Chesnin, L. and Yien, C. H. 1951. Turbidi-

metric determination of available 

sulphates. Proc. Soil Science America 

Proceedings, 15, 149–151. 

David, B., Darry, M., Roger, P. and Duncan 

S. 2017. Introduction to genstat for 

windows 19th Edition. VSN Inter-

national, 2 Amberside, Wood Lane, 

Hemel Hempstead, Hertfordshire HP2 

4TP, UK.  

Duncan, J. 2005. Composting chicken 

manure. WSU Cooperative Extension, 

King County Master Gardener and 

https://doi.org/10.1007/s12517-024-11942-3
https://doi.org/10.1007/s12517-024-11942-3


 `  
 

35 

 

Bankole et al.  

Cooperative Extension Livestock 

Advisor. 

Islam, M. N., Hoque, S. and Islam, A. 2006. 

Effect of P and S interactions on 

nutrient concentration and yield of 

wheat, rice and mungbean. Journal of 

Indian Society of Soil Science, 54:86-

91. 

Jackson, M. L. 1973. Soil Chemical Analysis 

Practice Hall of Englewood Cliffs. New 

Jersey, USA. 

Jat, J. R. and Yadav, B. L. 2006. Different 

forms of Sulphur and their relationship 

with properties of Entisols of Jaipur 

District (Rajasthan) under Mustard 

cultivation. Journal of the Indian 

Society of Soil Science. 54, (2) 208-212.  

Kang, B. T. and Osiname, O. A. 1976. 

Sulphur Response of Maize in Western 

Nigeria. Agronomy Journal, 68:  

333-336.  

Kertesz, M. A and Mirleau, P. 2004. The role 

of soil microbes in plant sulphur 

nutrition. Journal of Experimental 

Botany, 55: 1939-1945. 

Knauff, U. 2000. Reaction of Organic Sulfur 

Compounds in the Rhizosphere of 

Different Crops. Bonn, University of 

Bonn, 101. (In German). 

Kumawat, B. L, Pathan A. R. K and Chahan 

R. 2004. Response of taramirra to 

sulphur and phosphorus application on 

TypicPasmmnt. Journal of Indian 

Society of Soil Science, 52: 476-478. 

Lehmann, J., Solomon, D., Zhao, F.J. and 

McGrath, S. P. 2008. Atmosferic SO2 

emissions since the late 1800 s change 

organic sulfur forms in humic substance 

extracts of soils. Environmental Science 

and Technology 42, 3550-3555. 

Marcano-Martinez, E. and McBride, M. B. 

1989. Calcium and sulfate retention by 

two Oxisols of the Brazilian Cerrado. 

Soil Science Society of America 

Journal, 53:63-69. 

Marsh, K. B., Tillman, R. W. and Syers, J. K. 

1987. Charge relationships of sulfate 

sorption by soils. Soil Science Society 

of America Journal, 51:318-323. 

Maynard, D. G., Stewart, J. W. B. and 

Bettany, J. R. 1983. Sulfur and nitrogen 

mineralization in soils compared using 

two incubation techniques. Soil Biology 

and Biochemistry, 15:251-256. 

McLaren, R. G. and Cameron, K. C. 1996. 

Soil, plant and fertilizer sulphur. In: 

McLaren R.G., Cameron K.C. (eds): 

Soil Science. Auckland, Oxford 

University Press, 221-228. 

McLean, E. O. 1982. Soil pH and lime 

Requirement In: Page, A.L, Miller, R.H 

and Keeney, D.R. Eds., methods of Soil 

Analysis Part 2, Chemical and 

Microbiological Properties, Agronomy 

Monograph Number 9, Soil Science 

Society of America, Madison, 199-224. 

Mehlich, A. 1964. Muence of sorbed 

hydroxyl and sulfate on liming 

efficiency, pH and conductivity. Soil 

Science Society of America 

Proceedings. 28: 496-499. 

Muhammad, I., Muhammad, J. K., Amjad, 

A. I., Amanullah, J. and Sajida P. 2015. 

Effect of Phosphorus and Sulfur on the 

yield and nutrient uptake of maize. 

International Journal of Farming and 

Allied Sciences, 4(3): 244-252. 

Nelson, D. W. and Sommers, L. E. 1996. 

Total carbon, organic carbon and 

organic matter. In Page, A.L., Ed., 

Methods of Soil Analysis. Part 2. 

Chemical and microbiological proper-

ties. 2nd edition Agronomy Series No. 

9, ASA,SSSA, Madison. 



 `  

 

36 

 

Journal of Plant Science and Crop Production (JOPS), Vol. 1, 2024 

Ogunlela, V. B., Amoruwa G. M. and 

Ologunde, O. O. 1988. Growth, yield 

components and micronutrients nutri-

tion of field-grown maize as affected by 

nitrogen fertilization and plant density. 

Fertilizer Research, 17:189-196. 

Ogunsola, K. E and Adetunji, M. T. 2016. 

Effects of phosphorus and sulphur on 

dry matter yield of maize (zea mays) in 

some soils at Abeokuta, Ogun state, 

Nigeria. Agro-Science Journal of 

Tropical Agriculture, Food, Environ-

ment and Extension Volume, 15:(2)  

1- 8. 

Olatunji, O. and Ayuba, S. A. 2011. Effects 

of combined applications of poultry 

manure and NPK 20:10:10 fertilizer on 

soil chemical properties and yield of 

maize. Proceedings of the 35th Annual 

Conf. of the Soil Sci. Soc. of Nigeria on 

the Theme: Soil Resources Manage-

ment, Global Climate Change and food 

Security. Federal University of 

Technology, Minna, Nigeria 

Poonia, K. L. 2000. Effect of planting 

geometry, nitrogen and sulfur on 

growth and yield of sunflower 

(Helianthus annuus L.). Journal of 

Ecology-Physiology, 3: 59-71. 

Scherer, H. W. 2001. Sulphur in crop 

production. European Journal of 

Agronomy, 14: 81-111. 

Scherer, H. W. 2009. Sulfur in soils. Journal 

of Plant Nutrition and Soil Science, 

172: 326-335. 

Schonhof, I., Blankenburg D., Muller S. and 

Krumbein A. 2007. Sulphur and 

nitrogen supply influence growth, 

product appearance, and glucosinolate 

concentration of broccoli. Journal of 

Plant Nutrition and Soil Science, 170: 

65-72. 

Sharma, P. K., Rakesh K. and Jaggi, R. C. 

2001. Relationships of forms and 

availability indices of sulphur with 

properties of soils of Kangra, Himachal 

Pradesh. Journal of the Indian Society 

of Soil Science, 49 (4): 698-702.  

Sipai, A. H, Jat, J. R. and Rathore, B. S. 

2016. Effect of Phosphorus, Sulphur 

and Biofertilizer on growth, yield and 

nodulation in mungbean on loamy sand 

soils of kutch. Scitechnol Journal, 

51(1): 51-56. 

Solomon, D., Lehmann, J., Lobe, I., Martinez 

C.E., Tvitnes, S., Du Preez C.C. and 

Amelun W. (2005). Sulphur speciation 

and biogeochemical cycling in long-

term arable cropping of subtropical 

soils: evidence from wet-chemical 

reduction and SK-edge XANES 

spectroscopy. European Journal of Soil 

Science, 56: 621-634  

Srinivasarao, C., Ganeshamurthy, A. N., Ali 

M. and Singh. K. K. 2004. Sulphur 

availability and response of mungbean 

and urdbean to sulphur on different soil 

types of pulse growing regions of India. 

Communications in Soil Science and 

Plant Analysis, 35: 1713-1723. 

Tiwari, K. N. and Gupta, B. R. 2006. Sulphur 

for sustainable high yield agriculture in 

Uttar Pradesh Indian Journal of 

Fertility, 2: 37-52. 

Williams, C. H. and Steinbergs, A. 1959. 

Soil sulphur fractions as chemical 

indices of available sulphur in some 

Australian soils. Australian Journal of 

Agricultural Research, 10: 340-352. 


