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Impact of different manures on soil properties and 

yield of rice in lateritic soil of Konkan 

 
SR Diwale, NB Gokhale, NH Khobragade, MR Wahane, RV Dhopavkar 

and AA Joke  

  
Abstract 
A field experiment was carried out to study the impact of different manures on soil properties and yield 

of rice in lateritic soil at Department of Agronomy, Dr.B.S. Konkan Krishi Vidyapeeth, Dapoli, Dist. 

Ratnagiri (Maharashtra) during kharif seasons of 2004, comprising thirteen treatment combinations 

where four sources of manures i.e. FYM, poultry manure, vermicompost and goat manure and three 

levels of manures i.e. @ 2.5, 5.0, 7.5 t ha-1 were applied, with one absolute control. The data revealed 

that application of poultry manure was observed to be superior source as compared to FYM, 

vermicompost and goat manure; whereas in case of levels, application of manures @ 10 t ha-1 to rice was 

found to be more effective than their lower levels and rest of the treatment combinations in view point of 

yield of rice, physico-chemical properties and nutrient status of soil. 
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Introduction 

Rice (Oryza sativa L.) is widely grown in tropical and subtropical regions (Singh et al. 2012) 
[27], being one of the leading staple crop for half of the world’s population. According to IRRI 

(2009) [13], rice is the staple food of more than three billion people in the world, most of who 

live in Asia. It is important energy source of more than half of the world and 65% of the Indian 

population (Liu et al. 2008) [20]. The production of rice in the world containing low levels of 

plant available macro and micro nutrients, reduces not only grain yield, but also nutritional 

quality. Low fertile soils are brought under cultivation due to high population pressure. To 

feed ever-rising world population, which is estimated to be 10 billion by the end of this 

century (Lal, 2009) [18], an increase in rice production per unit area is direly needed (Von 

Grebmer et al. 2008). Although high-yielding input-responsive varieties are available, a large 

yield gap exists between the farmers’ fields and research stations in developing countries. In 

addition to adequate irrigation water, balanced supply of macro and micronutrients is vital for 

bridging this yield gap. After nitrogen (N), phosphorus (P) and potassium (K), widespread zinc 

(Zn) and other micronutrient deficiency has been found responsible for yield reduction in rice 

(Fageria et al. 2002) [11]. 

The nutrient deficiency is being paid more attention in recent times in areas where intensive 

agriculture is practiced. Depletion of nutrients in soil has been accelerated by increase of 

intensive cultivation with increased dependence on inorganic fertilizer and decreasing 

emphasis on the use of organic manures and in addition with use of high yielding varieties. On 

an average to produce one tonne of grain of high-yielding varieties of rice, remove about 22 kg 

N, 7 kg P2O5, 32 kg K2O, 5 kg MgO, 4 kg CaO, 1 kg S and 40g Zn from the soil (Chaudhary et 

al. 2007) [8]. There is a need to ascertain and promote the uses of types of fertilizers required to 

correct the deficiency of all these nutrients especially the manures viz., FYM, vermicompost, 

poultry manures, goat manure, etc. which helps in promoting yield and availability of several 

essential plant nutrients. About 90 % of plant available N and S, 50-60 % K, 30 % P and 

almost 70% of micronutrients reside in organic matter (Stevenson, 1982). Keeping in view the 

importance of manures, a field experiment was conducted to study the impact of different 

manure application on soil properties and rice productivity. 

 

Materials and Methods 

In order to evolve suitable nutrient management system for rice with respect to organic 

manure, a field experiment was conducted at Research Farm, Department of Agronomy,  
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College of Agriculture, Dapoli during kharif 2004 in factorial 

randomized block design (FRBD) replicated thrice with 

thirteen treatment combinations comprising of manure 

sources (FYM, poultry manure, vermicompost and goat 

manure) and three levels of manures (5.0, 7.5 and 10.0 t ha-1). 

The soil samples (initial and after harvest) were analyzed by 

following the standard procedure for physical and chemical 

parameter viz., pH, EC (dSm-1) and OC (g kg-1) by Jackson 

(1973) [14] available N (kg ha-1) described by Subbiah and 

Asija (1956), available P (kg ha-1) by Bray and Kurtz (1945) 

and available K (kg ha-1) (Jackson 1973) [14], exchangeable Ca 

and Mg by Versenate method (Anonymous 1968) and Cation 

exchange capacity was determined as per the procedure given 

by Baruah and Barthakur (1999) [6]. The texture of the soil of 

experimental plot was clay loam with mean pH value of 6.3, 

electrical conductivity 0.05 dS m-1 in 1:2.5 soils: water 

solution, organic carbon 13.1 g kg-1, with available nitrogen 

340.0 kg ha-1, available phosphorus 6.60 kg ha-1, 

exchangeable potash 188.0 kg ha-1, exchangeable bases Ca 

[2.1 cmol (p+) kg-1], Mg [1.4 cmol(p+) kg-1] and Cation 

exchange capacity of 8.8 [cmol (p+) kg-1].  

 

 

 

Results and Discussion 

Physico-chemical properties of soil 

Application of different organic manures viz., FYM, poultry 

manure, vermicompost and goat manure with three levels 

(5.0, 7.5 and 10.0 t ha-1) significantly increased soil pH, 

electrical conductivity and organic carbon where, application 

of poultry manure resulted into significant increase in soil pH 

(6.70), electrical conductivity (0.15 dS m-1) and organic 

carbon (23.1 g kg-1) over vermicompost, FYM and goat 

manure (Table 1, 2 and 3). Further, application of manures @ 

10.0 t ha-1 significantly increased the soil pH by 0.08 and 

0.05, EC by 0.046 and 0.013 dS m-1 and organic carbon (22.7 

g kg-1) in soil which was significantly superior to their lower 

levels of 5.0 t ha-1 and 7.5 t ha-1. The interaction effect among 

the levels and sources of manures were found to be non 

significant in case of soil pH and significant soil EC (0.17 dS 

m-1) and organic carbon (24.9 g kg-1) recorded with the 

treatment receiving poultry manure @ 10.0 t ha-1 which was 

significantly superior to all other treatment combinations 

followed by poultry manure @ 7.5 t ha-1 and vermicompost @ 

10.0 t ha-1. 

 

Table 1: Effect of different levels of organic manures on soil pH (1:2.5) after harvest of rice 
 

Sources (S) 
Levels (L) (t ha-1) 

5.0 7.5 10 Mean 

Absolute control (C) - - - 6.30 

FYM 6.54 6.56 6.62 6.57 

Poultry manure 6.64 6.70 6.76 6.70 

Vermicompost 6.60 6.61 6.66 6.62 

Goat manure 6.60 6.60 6.65 6.62 

Mean 6.60 6.62 6.67  

 Sources (S) Levels (L) Interaction (S x L) C x (S, L & S x L) 

SE+ 0.007 0.006 0.009 0.01 

CD (P=0.05) 0.020 0.017 NS 0.028 

 

Table 2: Effect of different levels of organic manures on electrical conductivity (dS m-1) of soil after harvest of rice 
 

Sources Levels (t ha-1) 

 5.0 7.5 10.0 Mean 

Absolute control - - - 0.058 

FYM 0.087 0.098 0.118 0.101 

Poultry manure 0.119 0.164 0.171 0.151 

Vermicompost 0.105 0.146 0.159 0.137 

Goat manure 0.100 0.135 0.147 0.127 

Mean 0.103 0.136 0.149  

 Sources Levels Source x Levels Cont. v/s Others 

SE+ 0.001 0.001 0.003 0.003 

CD (P=0.05) 0.004 0.004 0.007 0.008 

 

Table 3: Effect of different levels of organic manures on organic carbon content (g kg-1) of 

soil after the harvest of rice 
 

Sources (S) 
Levels (L) (t ha-1) 

5.0 7.5 10 Mean 

Absolute control (C) - - - 1.21 

FYM 1.71 1.74 1.82 1.76 

Poultry manure 2.03 2.41 2.49 2.31 

Vermicompost 2.01 2.33 2.39 2.24 

Goat manure 1.93 1.98 2.39 2.10 

Mean 1.92 2.12 2.27  

 Sources (S) Levels (L) Interaction (S x L) C x (S, L & S x L) 

SE+ 0.01 0.01 0.02 0.02 

CD (P=0.05) 0.029 0.025 0.051 0.053 

 

The rise in soil pH due to organic amendments appears to be related to the total calcium content of the organic manures and 
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may be attributed to the self liming effect caused by the 

mineralization of C and release of bases (Hue, 1992) [12] and 

buffering effect of added bicarbonates and organic acids with 

carboxyl and phenolic hydroxyl groups (Sharpley and Moyer, 

2000). The ability of poultry manure to increase soil pH was 

also attributable to the presence of basic cations in the poultry 

manure released upon microbial decarboxylation (Natsher and 

Schwetnmann, 1991) [23]. Laterite and lateritic soils which 

generally depleted of total soluble salts due to intensive 

leaching showed slight increase due to the application of 

organic manure during the period of study, due to the possible 

built up of the soluble nutrient drawn from manures on 

mineralization. Natsher and Schwetnmann (1991) [23] 

attributed increase in EC due to the salts in the poultry 

manure which are released during microbial decarboxylation.  

The improvement in soil organic carbon in organic manures 

treated plots might be ascribed to direct addition of organic 

matter through organic manures and also due to addition of 

considerable amount of leaf litter of crops in the present 

cropping sequence. Newaj and Yadav (1994) [24] observed 

increase in content of organic carbon at end of all the 

cropping systems, being the maximum under pigeon pea-

wheat-green gram cropping systems. Appavu and Saravanan 

(1999) [4] observed significantly increase in organic carbon 

content of soil by the addition of goat manures followed by 

poultry manure and farm yard manure under sorghum-

soybean cropping sequence. 

 

Availability of nutrients  

The available N, P and K content of the post-harvest soil was 

significantly influenced by graded levels of different organic 

manures as compared to absolute control and revealed that the 

application of poultry manure registered maximum value of 

available N (392.0 kg ha-1), available P2O5 (11.29 kg ha-1) and 

available K2O (367.0 kg ha-1) followed by FYM, 

vermicompost, goat manure which was significantly superior 

over all other treatment combinations (Table 4, 5 and 6). The 

application of manures @ 10.0 t ha-1 to rice crop significantly 

increased the available N (389.0 kg ha-1), available P (11.38 

kg ha-1) and available K (343.0 kg ha-1) over their lower levels 

of 5.0 and 7.5 t ha-1. Data revealed that interaction effects of 

manure sources and levels found to be significant, where the 

application of poultry manure @ 10.0 t ha-1 recorded the 

higher value of available N (408.0 kg ha-1), available P (12.65 

kg ha-1) and available K (421.0 kg ha-1) which was 

significantly superior to all other treatment combinations. 
 

Table 4: Effect of different levels of organic manures on available nitrogen (kg ha-1) of soil after the harvest of rice 
 

Sources (S) 
Levels (L) (t ha-1) 

5.0 7.5 10 Mean 

Absolute control (C) - - - 320 

FYM 362 367 371 367 

Poultry manure 380 389 408 392 

Vermicompost 368 380 395 381 

Goat manure 365 378 382 375 

Mean 369 378 389  

 
Sources 

(S) 

Levels 

(L) 

Interaction 

(S x L) 

C x 

(S, L & S x L) 

SE+ 0.54 0.49 0.98 1.02 

CD (P=0.05) 1.65 1.43 2.85 2.97 

 

Masthana Reddy et al. (2005) [22] also observed available N 

increased with graded levels of poultry manure. The increase 

in available N over control was also reported by Singh et al. 

(2000) [29] with FYM and poultry manure, Prakash et al. 

(2002) [25] FYM and vermicompost and Kharub and Chander 

(2008) [17] with graded levels as FYM for different crops. 

Further, the application of poultry manure, vermicompost, 

goat manure and FYM for nitrogen might have increased the 

microbial population leading to mineralization of organically 

bound N into plant available from. 
 

Table 5: Effect of different levels of organic manures on available P2O5 content (kg ha-1) of soil after the harvest of rice 
 

Sources (S) 
Levels (L) (t ha-1) 

5.0 7.5 10 Mean 

Absolute control (C) - - - 6.51 

FYM 8.21 9.15 10.20 9.19 

Poultry manure 9.98 11.25 12.65 11.29 

Vermicompost 9.85 10.95 11.36 10.72 

Goat manure 9.79 10.47 11.30 10.52 

Mean 9.46 10.46 11.38  

 
Sources 

(S) 

Levels 

(L) 

Interaction 

(S x L) 

C x 

(S, L & S x L) 

SE+ 0.02 0.01 0.03 0.03 

CD (P=0.05) 0.05 0.04 0.09 0.09 

 

Among sources of manures, poultry manure showed its 

superiority over rest of the sources followed by 

vermicompost. Similarly, graded levels of manures 

significantly increased the available P2 O5 status of soil. Khan 

et al. (1984) [16] reported that the highest available 

phosphorous recorded in manure treated plots might be due to 

organic acids, which were released during the microbial 

decomposition of organic matter, which helped in the 

solubility of native insoluble phosphates, thus increasing the 

available phosphorous content in soil. Besides this, 

appreciable quantities of carbon dioxide released during the 

decomposition of organic matter might be formed into 

carbonic acid, which might have enhanced the solubility of 

phosphates. Applied organic matter leads to the formation of a 
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coating on the sesquioxides; because of this the phosphate 

fixing capacity of soil was reduced in manure-treated plots. 

Similar results were reported by Bhardwaj and Omanwar 

(1994) [7].  
Table 6: Effect of different levels of organic manures on available K2O content (kg ha-1) of soil after the harvest of rice 

 

Sources (S) 
Levels (L) (t ha-1) 

5.0 7.5 10 Mean 

Absolute control (C) - - - 139 

FYM 251 264 273 263 

Poultry manure 305 376 421 367 

Vermicompost 264 327 340 311 

Goat manure 260 327 336 308 

Mean 270 324 343  

 Sources (S) Levels (L) Interaction (S x L) C x (S, L & S x L) 

SE+ 5.61 4.85 9.71 10.11 

CD (P=0.05) 16.36 14.17 28.34 29.49 

 

Abraham and Lal (2003) [1] reported increasing available K2O 

status of soil due to application of organic manures along with 

cow urine foliar spray under black gram-wheat-green gram 

cropping system. The higher availability of K in soil may be 

due to beneficial effect of organic manures on the reduction of 

potassium fixation; added organic matter interacted with K 

clay to release K from non-exchangeable fraction to the 

available pool. Similar beneficial effects of organics on 

available K were reported earlier in case of vermicompost by 

Jambhekar (1990) [15].  

Madhavi and Reddy (1994) [21] reported 28.9 per cent increase 

in available K2O over control due to application of poultry 

manure @ 4.5 t ha-1. Awodun et al. (2007) [5] also observed 

increase in available K2O content of soil with increasing 

levels of goat manure. This might be assigned to increased 

release of nutrients in soil from native pool as well as their 

residual effects. Organic acid and chelates produced during 

decomposition of organic residues and phosphorus tied up as 

insoluble Ca, Fe and Al form may be released as soluble form 

(Dhillion and Dev 1986) [10].  

 

Exchangeable bases 

Graded levels of different organic manures significantly 

influenced the exchangeable Ca and Mg of the post-harvest 

soil compared to absolute control. It is seen from the data that 

the application of poultry manure recorded maximum value of 

exchangeable Ca (2.72 cmol (p+) kg-1) and exchangeable Mg 

(1.96 cmol (p+) kg-1), which was significantly superior over 

all other treatment combinations (Table 7 and 8). The 

application of manures @ 10.0 t ha-1 to rice crop significantly 

increased the exchangeable Ca (2.74 cmol (p+) kg-1) and 

exchangeable Mg (2.00 cmol (p+) kg-1), over their lower 

levels of 5.0 and 7.5 t ha-1. The interaction between manure 

sources and levels found to be significant, where the 

application of poultry manure @ 10.0 t ha-1 recorded the 

higher value of exchangeable Ca (2.78 cmol (p+) kg-1) and 

exchangeable Mg (2.13 cmol (p+) kg-1), which was 

significantly superior to all other treatment combinations. 
 

Table 7: Effect of different levels of organic manures on exchangeable calcium [cmol (p+) kg-1] content in soil after harvest of rice 
 

Sources (S) 
Levels (L) (t ha-1) 

5.0 7.5 10 Mean 

Absolute control (C) - - - 2.03 

FYM 2.47 2.63 2.72 2.61 

Poultry manure 2.62 2.77 2.78 2.72 

Vermicompost 2.57 2.68 2.77 2.67 

Goat manure 2.53 2.67 2.68 2.63 

Mean 2.55 2.69 2.74  

 
Sources 

(S) 

Levels 

(L) 

Interaction 

(S x L) 

C x 

(S, L & S x L) 

SE+ 0.01 0.01 0.02 0.02 

CD (P=0.05) 0.03 0.02 0.05 0.05 

 

By and large, a gradual increase in exchangeable calcium was 

noticed with graded levels of different organic manures. 

Adeleye et al. (2010) [2] observed increase in exchangeable 

calcium and magnesium with poultry manure applied at 10.0 t 

ha-1. Srikant et al. (2000) [31] recorded exchangeable calcium 

and magnesium varied from 4.00 to 4.85 and 2.22 to 4.10 

cmol (p+) kg-1 respectively after harvest of cowpea grown in 

Alfisol. Awodun et al. (2007) [5] also observed linear increased 

in exchangeable Ca and Mg with graded levels of goat 

manure. The increase in exchangeable calcium and 

magnesium due to organic manures may be ascribed to the 

higher content of these nutrients in these manures; it could be 

attributed to the effect of organic acids produced during the 

process of decomposition which enhances the solubility of 

native Ca and Mg and its retention by the organic colloids. 

The increased availability is also due to the chelates of higher 

stability with organic ligands which have lower susceptibility 

to adsorption fixation and precipitation in the soil. 
 

Table 8: Effect of different levels of organic manures on exchangeable magnesium [cmol(p+) kg-1] content in soil after harvest of rice 
 

Sources (S) 
Levels (L) (t ha-1) 

5.0 7.5 10 Mean 

Absolute control (C) - - - 1.23 

FYM 1.67 1.82 1.92 1.80 

Poultry manure 1.82 1.93 2.13 1.96 
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Vermicompost 1.77 1.90 2.02 1.90 

Goat manure 1.72 1.83 1.93 1.83 

Mean 1.75 1.87 2.00  

 Sources (S) Levels (L) Interaction (S x L) C x (S, L & S x L) 

SE+ 0.01 0.01 0.02 0.02 

CD (P=0.05) 0.03 0.02 0.05 0.05 

 

Cation Exchange Capacity 

The increasing trend for CEC was noticed with addition of 

organic manures over absolute control (Table 9). The highest 

CEC of soil observed with application of poultry manure 

[16.88 cmol(p+) kg-1] was significantly superior to 

vermicompost [16.02 cmol(p+) kg-1], goat manure [15.44 

cmol(p+) kg-1] and FYM [14.67 cmol(p+) kg-1].  

 

Table 9: Effect of different levels of organic manures on CEC [cmol (p+) kg-1] of soil after harvest of rice 
 

Sources (S) 
Levels (L) (t ha-1) 

5.0 7.5 10 Mean 

Absolute control (C) - - - 10.00 

FYM 12.83 14.67 16.50 14.67 

Poultry manure 15.60 16.17 18.87 16.88 

Vermicompost 14.67 15.87 17.53 16.02 

Goat manure 13.93 15.37 17.03 15.44 

Mean 14.26 15.52 17.48  

 Sources (S) Levels (L) Interaction (S x L) C x (S, L & S x L) 

SE+ 0.08 0.07 0.14 0.14 

CD (P=0.05) 0.23 0.20 0.40 0.42 

 

Data further reveals that the increasing levels of manures 

significantly increased the soil CEC higher being in the 

treatment receiving manures @ 10.0 t ha-1 [17.48 cmol(p+) kg-

1]. The interaction effect among the sources and levels were 

found to be significant. The highest CEC of soil at harvest 

recorded with poultry manure @ 10.0 t ha-1 [18.87 cmol (p+) 

kg-1] was significantly superior to the rest of the treatment 

combinations.  

The profound increase in CEC due to organic manure might 

be due to humic acid content of organic matter. The humic 

acid was found to contain functional groups, that would from 

the source of negative charge and they could have contributed 

towards CEC of the soil. Similar reports were reported earlier 

by Lax (1991) [19] who observed that the incorporation of soil 

organic matter induced the exchange capacity due to the 

various functional groups namely carboxyl, phenolic etc. 

present in the humic substances of soil organic substances. 

Poultry manure might be content higher amount of humic acid 

as compared to other manures. Hence, it recorded higher CEC 

in present study. The beneficial effect of organic manures in 

increasing CEC of soil has also been reported by Prakash et 

al. (2002) [25]. Further, Rohtas Kumar (2006) [26] and Adeleye 

et al. (2010) [2] observed increase in CEC due to application 

of FYM and poultry manure for different soils. 

 

Yield of rice 

Perusal of data in Table 10 and 11 revealed that application of 

organic manures recorded significant increase in grain yield, 

which was increased from 19.47 to 23.24 q ha-1 (i.e. ranged 

from 108 to 129 %), however, the increase in straw yield due 

to organic manures varied from 15.85 to 18.77 q ha-1 over 

absolute control. Singh et al. (2007) [28] recorded 114.0 to 

116.8 per cent higher rice grain yield with organic 

amendments over control.  
 

Table 10: Effect of different levels of organic manures on grain yield of rice (q ha-1) 
 

Sources (S) 
Levels (L) (t ha-1) 

5.0 7.5 10.0 Mean 

Absolute control (C) - - - 17.97 

FYM 34.22 39.54 40.62 38.13 

Poultry manure 37.86 41.18 44.58 41.21 

Vermicompost 36.27 40.63 41.30 39.40 

Goat manure 33.86 38.32 40.41 37.44 

Mean 35.55 39.92 41.66  

 
Sources 

(S) 

Levels 

(L) 

Interaction 

(S x L) 

C x 

(S, L & S x L) 

SE+ 0.07 0.06 0.13 0.13 

CD (P=0.05) 0.22 0.19 0.38 0.39 

 

Application of manures from 5.0 to 10.0 t ha-1 resulted into 

significant and graded increase in grain yield of rice. The 

grain (35.55 to 41.66 q ha-1) and straw yield (43.91 q ha-1) 

was found to be increased from with the increasing levels of 

manures which was significantly superior over all treatment. 

Interaction effects among various treatments were found to be 

significant. The data revealed that treatment receiving poultry 

manure @ 10.0 t ha-1 gave the highest grain (44.58 q ha-1) and 

straw (46.48 q ha-1) yield of rice, which were significantly 

superior to all other treatment combinations.  

From data, it was also revealed that applications of FYM and 

goat manure gave lower grain yield as compared to poultry 

manure and vermicompost, which resulted in growth and 

yield components. The beneficial response of organic 

manures over absolute control to yield might be attributed to 

the availability of sufficient amount of plant nutrients 
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throughout the growth period of crops, improvement of soil 

environment resulting in higher root proliferation leading to 

better absorption of moisture and nutrient, plant vigor and 

superior yield attributes and ultimately higher yield (Sinha et 

al. 1981) [30]. The reason for distinct response to poultry 

manure over rest of the organic materials may be attributed to 

the high status of available nutrients and optimum C/N ratio 

in poultry manure (Yadav and Jha 1988) [34], which gave 

better yield attributes, dry matter production and thus, resulted 

in higher yield. Further, the poultry manure had both urinary 

and fecal excretion; hence, the fertilizer value of poultry 

manure was nearly three times higher than FYM (Devegowda 

1997) [9].  

 

Table 11: Effect of different levels of organic manures on straw yield (q ha-1) of rice 
 

Sources (S) 
Levels (L) (t ha-1) 

5.0 7.5 10.0 Mean 

Absolute control (C) - - - 25.86 

FYM 40.97 42.86 42.62 42.15 

Poultry manure 42.56 44.86 46.48 44.63 

Vermicompost 41.08 43.48 44.30 42.95 

Goat manure 40.62 42.27 42.25 41.71 

Mean 41.31 43.37 43.91  

 Sources (S) Levels (L) Interaction (S x L) C x (S, L & S x L) 

SE+ 0.13 0.11 0.23 0.24 

CD (P=0.05) 0.38 0.33 0.66 0.69 

 

Conclusion 

The results obtained from this trial indicated that the 

application of poultry manure @ 10 t ha-1 to rice crop found to 

be more effective over rest of the treatment combinations 

under rain fed conditions, resulted to highest grain and straw 

yield, soil physico-chemical properties and nutrient status of 

soil in well drained clay loam soil of Konkan.  
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