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ABSTRACT  
Field experiments were carried out at Tamil Nadu Agricultural University, Coimbatore, India during samba (August
2012 and 2013 to study the effect of different sources 
(Oryza sativa L.). The experiment consisted of fourteen treatments which were laid out in Randomized Block Design, replicated
square planting (25 x 25 cm) was adopted during both the years. Among fourteen treatments, four treatments with different organic manures 
at 100% RDN on equi nutrient basis (farm yard manure, vermi
treatments consisted of 50% combination of each manure, one treatment with 1/4
(without organic or inorganic). These treatments were compared with the recommended dose of fertilizer (RDF) and integrated n
management practice (RDF + Dhaincha). The growth parameters such as plant height at flowering, leaf area index (LAI) at flowering, 
number of tillers at harvest and dry matter production at harvest during both the years of experimentation were recorded. The
parameters such as  number of productive tillers per square meter, panicle length, total number of grains per panicle, filled grains per 
panicle, fertility percentage, thousand grain weight, grain and straw yield were recorded at harvest from ten randomly tagged
plot during both the years experimentation. The quality parameters such as milling percentage, hulling percentage, head rice 
efficient of shelling, volume expansion ratio, water absorption ratio,  elongation ratio, amylose content 
during both the years of experimentation. The performance of INM imposed treatment followed by RDF recorded better growth and
parameters than the organic treatments, whereas the quality parameters wise, the organic t
manure followed by 25% RDN through each organic manures combination recorded better results than RDF and INM  imposed treatme
during both the years of investigation. 
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Field experiments were carried out at Tamil Nadu Agricultural University, Coimbatore, India during samba (August
2012 and 2013 to study the effect of different sources of organic manures  in comparison with INM and RDF on growth and yield of rice 
(Oryza sativa L.). The experiment consisted of fourteen treatments which were laid out in Randomized Block Design, replicated

during both the years. Among fourteen treatments, four treatments with different organic manures 
at 100% RDN on equi nutrient basis (farm yard manure, vermi-compost, poultry manure and (Dhaincha) green manure) another six 

nation of each manure, one treatment with 1/4th combination of all the manures and one absolute control 
(without organic or inorganic). These treatments were compared with the recommended dose of fertilizer (RDF) and integrated n

(RDF + Dhaincha). The growth parameters such as plant height at flowering, leaf area index (LAI) at flowering, 
number of tillers at harvest and dry matter production at harvest during both the years of experimentation were recorded. The

uch as  number of productive tillers per square meter, panicle length, total number of grains per panicle, filled grains per 
panicle, fertility percentage, thousand grain weight, grain and straw yield were recorded at harvest from ten randomly tagged
plot during both the years experimentation. The quality parameters such as milling percentage, hulling percentage, head rice 
efficient of shelling, volume expansion ratio, water absorption ratio,  elongation ratio, amylose content and protein content were recorded 
during both the years of experimentation. The performance of INM imposed treatment followed by RDF recorded better growth and
parameters than the organic treatments, whereas the quality parameters wise, the organic treatments such as 100% RDN through green 
manure followed by 25% RDN through each organic manures combination recorded better results than RDF and INM  imposed treatme

Growth Parameters, Grain And Straw Yield, Yield Parameters, Quality Parameters. 

INTRODUCTION 

(Oryza sativa L.) is the most important and extensively cultivated food crop, which provides half the 
food for one of every three persons on the earth. In Asia alone, more than two billion people obtain 60 to 

cent of their energy intake from rice and its derivatives. The cropping sequence of rice
practically feasible, viable, economical, eco-friendly, water saving technology for sustaining soil fertility and 

Awareness about crop quality and soil health in- creased the attention of people towards 
Balanced use of nutrients through organic sources like farmyard manu

neem cake and biofertilizers are prerequisites to sustain soil fertility, to produce maximum 
crop yield with optimum input level [6]. The organic manures leave behind sufficient residual effect for the 
sequence crops. Blanket or package fertilizer recommendations over large areas are not efficient because 
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Field experiments were carried out at Tamil Nadu Agricultural University, Coimbatore, India during samba (August-December) season of 
of organic manures  in comparison with INM and RDF on growth and yield of rice 

(Oryza sativa L.). The experiment consisted of fourteen treatments which were laid out in Randomized Block Design, replicated thrice and 
during both the years. Among fourteen treatments, four treatments with different organic manures 

compost, poultry manure and (Dhaincha) green manure) another six 
combination of all the manures and one absolute control 

(without organic or inorganic). These treatments were compared with the recommended dose of fertilizer (RDF) and integrated nutrient 
(RDF + Dhaincha). The growth parameters such as plant height at flowering, leaf area index (LAI) at flowering, 

number of tillers at harvest and dry matter production at harvest during both the years of experimentation were recorded. The yield 
uch as  number of productive tillers per square meter, panicle length, total number of grains per panicle, filled grains per 

panicle, fertility percentage, thousand grain weight, grain and straw yield were recorded at harvest from ten randomly tagged plants in each 
plot during both the years experimentation. The quality parameters such as milling percentage, hulling percentage, head rice percentage, co-

and protein content were recorded 
during both the years of experimentation. The performance of INM imposed treatment followed by RDF recorded better growth and yield 
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indigenous nutrient supply varies widely among rice fields in Asia [9]. Rice crops thus require different 
fields, depending on native nutrient supply and crop demand. Farmers will benefit significantly if they can 
adjust N inputs to actual crop conditions and nutrient requirements. Successful nitrogen management 
requires better synchronization between crop N demand and N supply from all sources throughout crop 
season. Hence apart from RDF and INM practices, we need to go for developing different combinations of 
organic manures in nutrient management aspects for organic rice production. Whereas in such situations, the 
quality characteristics of rice would be varying  than RDF and INM practices imposed treatments.  In view of 
the above facts, field experiments were conducted with the  following objectives. 

• To study the influence of different sources of organic manures in comparison with RDF 
and INM on growth and yield of rice. 

• To study the influence of different sources of organic manures in comparison with RDF and INM on 
important quality parameters of rice. 

 
MATERIALS AND METHODS 

 
Field experiments were carried out at Wetland Farms of "O" block at Tamil Nadu Agricultural University, 

Coimbatore, India during samba (August-December) season of 2012 and 2013. Coimbatore is situated in the 
Western agro-climatic zone of Tamil Nadu at 11oN latitude and 77oE longitude and at an altitude of 426.7 m 
above mean sea level. The soil of the experimental field was clay loam in texture belonging to Typic Haplustalf 
with the initial analysis of the soil of the experimental site revealed that the soil was slightly alkaline (pH= 8.0 
and 8.1) with low soluble salts (EC= 0.43 and 0.42dSm-1), medium in organic carbon content (0.42 and 0.41% ), 
low in available N (254.0 and 260.0 kg ha-1), low in available P (16.7 and 17.8 kg ha-1) and high in available K 
(402.0 and 418.0 kg ha-1) during the first and second years respectively.  
 
2.1. Field experiment: 

The field experiment consisted of fourteen treatments which were laid out in Randomized Block Design, 
replicated thrice and square planting (25 x 25 cm) was adopted during both the years. Among fourteen 
treatments, four treatments with different organic manures at 100 per cent RDN on equi nutrient basis (farm 
yard manure, vermi-compost, poultry manure and (Dhaincha) green manure) another six treatments consisted of 
50 per cent combination of each manure, one treatment with 1/4th combination of all the manures and one 
absolute control (without organic or inorganic). These treatments were compared with the recommended dose of 
fertilizer (RDF) and integrated nutrient management practice (RDF + Dhaincha). The rice variety CO (R) 48 
with field duration of 135 days was used in the trial. Separate nurseries were raised for conventional (INM and 
RDF) treatments and organic nursery for organic treatments. For organic and inorganic treatments separate 
experimental plots were maintained in both the years of study. Method of planting adopted was square planting 
and transplanted with 14 days old seedlings. All other package of practices were carried out as per 
recommendation of CPG [5] for INM and RDF treatments. For organic treatments no herbicide was used, neem 
seed kernel extract, Pnchagavyaa and Pseudomonos were used as prophylactic plant protection measures. 
Irrigation and plant protection measures were followed uniformly in all the plots as per the requirements. 
 
2.2. Growth parameters: 

Five plants from each plot were recorded chosen by random sampling  and tagged. These plants were used 
for recording all growth parameters such as plant height at flowering, leaf area index (LAI) at flowering, 
number of tillers at harvest and dry matter production at harvest during both the years of experimentation [12]. 
 
2.3. Yield parameters: 

The number of productive tillers per square meter, panicle length, total number of grains per panicle, filled 
grains per panicle, fertility percentage and thousand grain weight were recorded at harvest from ten randomly 
tagged plants in each plot during both the years experimentation [12]. 
 
2.4. Yield: 

Grain yield was calculated through ten randomly selected plants which were thoroughly sun dried to 14% 
moisture content, weighed and expressed in gram per plant. The Straw yield was recorded by sun drying the ten 
randomly selected plants until a constant weight was obtained and expressed in gram per plant.     

 
Quality parameters of Rice grain and Kernels: 
3.1. Hulling percentage: 

One hundred gram of rough rice (paddy) after through drying to a moisture level of 12 - 14 % was passed 
through "Satake rice machine " and the weight of the hilled rice was taken and the hulling percentage was 
calculated by using the following formula and presentedin percentage [12].   
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                                                                Total weight of the hulled rice (g) 
Hulling percentage          =                                                                                      X  100   
                                                                Total weight of rough rice (g)     
 

3.2. Milling percentage: 
The hulled brown rice was subjected to milling for 90 seconds i.e., 5% milling  (Chauhan et al., 1994) in 

"Satake grain testing mill" and the weight was recorded. The milling percentage was calculated by using the 
following formula and presented in percentage. 

                                                                Total weight of milled rice (g) 
Milling percentage           =                                                                                     X    100 
                                                                Total weight of rough rice (g) 

 
3.3. Head rice percentage: 

Head rice percentage was estimated as below. 
                                                Total head rice (g) 
Head rice  percentage  =                                                            X  100 
                                                Total rough rice (g)             

 
3.4. Co-efficient of shelling: 

Co-efficient of shelling (C) was calculated with the following formula 
     
 C = (W - W1) / W 
Where, 
W     -   Total quantity of shelled paddy (g), and 
W1   -   Weight of unshelled paddy (g) 

 
3.5. Water absorption ratio: 

The milled rice was put into a test tube containing distilled water @ 50 mL per two gm of milled rice. It 
was allowed to soak for 30 minutes and then boiled for 45 minutes at 770 C to 800C. The test tubes were taken 
out and placed in a beaker containing cold water for cooling. The cooked rice was blotted for free of water 
without the loss of solids and weighed to find out water absorption. The water absorption ratio was calculated 
by the formula and expressed in mL / 100 gm by multiplying the value with 100. The water absorption ratio was 
estimated by the method described by Khan and Ali [15]. It is the ratio between the weight of the cooked rice to 
the uncooked. 

                                                                                Weight of cooked rice (g)  -  weight of milled rice (g)   
Water absorption  (mL / 100 g)    =   
                                                                                                       Weight of milled rice (g) 
 

3.6. Volume expansion ratio: 
The volume of the initial milled rice was measured by water displacement method in a graduated measuring 

cylinder. Then the milled rice was put into a test tube and cooked in boiling water bath for 20 minutes. then the 
cooked rice was decanted on a filter paper to remove the excess water. Then the cooked rice volume was 
measured again, by water displacement method. The volume expansion is calculate by using following formula. 
The volume expansion ratio was estimated by the method described by Khan and Ali [15]. It is the ratio between 
the cooked volume to the uncooked.   

                                                          
                                                                       Volume of cooked rice (g)  
 Volume expansion        =     
                                                                          Volume of milled rice (g)  

3.7. Elongation ratio: 
The length of 20 milled grains were recorded and they were pre soaked for 30 minutes and placed directly 

into a test tube containing boiling water and cooked for 20 minutes. Then the length was measured with the help 
of a thread. The kernel length after cooking was calculated by using the following formula.  

 
                                                     Kernel length after cooking (mm)  
Elongation ratio    =      
                                                     Kernel length before cooking (mm)      

3.8. Protein: 
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Protein content of rice sample was estimated as per the method suggested by Lowry et al., [16]. The 
estimation of protein was based on the development of blue colour by the hydroxyl groups present in the amino 
acids with the folin-ciocalteau phenol reagent. The protein content of sample was expressed as percentage. 

 
3.9. Amylose: 

The method suggested by Sadasivam and Manickam [23] was followed in determining amylose content. 
 

RESULTS AND DISCUSSION 
 

4.1. Growth parameters: 
Growth parameters such as plant height at harvest, LAI at flowering, number of  productive tillers at harvest 

and dry matter production at harvest were presented in Table 1. Among all the treatments, INM practices (T14) 
showed better performance followed by the recommended dose of fertilizers (RDF) applied treatment (T13) with 
respect to plant height, LAI, number of tillers and dry matter production. Similar results were obtained during 
both the years of experimentation. 
 
4.2. Plant height: 

Growth parameters like plant height at harvest, higher plant height was recorded with  INM (T14), (130.4 
and 134.1 cm) during 2012 and 2013 at flowering respectively (Table 1). This was followed by RDF (1210.2 
and 122.2 cm) at flowering. Among the organic treatments, 100% RDN through green manure (T5) recorded 
higher plant height (116.9 and 119.8 cm) followed by 25% RDN through each organic manures (T12) (115.1 and 
118.2 cm) at flowering during both the years of study. Lower plant height was recorded with the absolute 
control (T1) with 96.2 and 99.8 cm at flowering stage during both the years of study. Maximum plant height was 
recorded at INM practice at all stages of the crop due to immediate mineralization of inorganic nutrients applied 
through this treatment and it was comparable with recommended NPK fertilizers. 
 
4.3. Productive tillers at harvest: 

During 2012 and 2013  more number of tillers m-2 with INM practice (T14) at harvest (584 and 588 (Table 
1) and it was comparable with 100%  RDN through green manure (T5) followed by recommended NPK 
fertilizers (T13). Among the organic treatments, more number of tillers (508 and 510) m-2 was recorded with 
100% RDN through green manure (T5) at harvest during 2012 and 2013, respectively and was  followed by 25% 
RDN through each organic manures (T12). Absolute control (T1) produced the minimum number of tillers m-2 at 
harvest (300 and 303 m-2) during  2012 and 2013, respectively. Single seedling planted on 14 days after sowing 
(DOS) registered significantly more number of productive tillers m-2 during both the years. Transplanting of 
younger seedlings i.e., less than 15 day old seedlings in square planting  i.e. (25 x 25 cm) / SRI method had 
higher tillering capacity both in conventional and organic farming systems. This result is in conformity with the 
findings of Thiyagarajan [32]. 
 
4.4. Leaf area index: 

In general, the leaf area index (LAI) had increased as the advancement of crop growth and it reached the 
maximum at flowering and thereafter declined towards harvest in both the years of study. The higher LAI of rice 
was observed in the INM treatment (4.95 during 2012), (4.97 during 2013) at flowering respectively (Table 1) 
whereas, it was on par with recommended NPK fertilizers (T13). Similar trend was noticed during 2013 also. 
Among the organic treatments, 100% RDN through green manure (T5) recorded higher LAI (4.92 during 2012; 
4.96 during 2013) at flowering, respectively and it was followed by 25% RDN through each organic manures 
(T12). Similar trend was noticed in both the years of study. During the course of investigation, LAI was least in 
the treatment T1 (absolute control) with 3.34 during 2012 and 3.36 during 2013, respectively at flowering stage 
of the crop. Application of green manures along with organic compost gave higher LAI than chemical fertilizers 
alone [31]. Green manure substituted about 100 per cent of N requirement of rice crop [17]. Bindra and Thakur 
[2] reported that Sesbania aculeata was a better green manure than any other green manures.  In the present 
study, green manure application gave higher LAI,  number of tillers m-2 than other organic sources compared, in 
both the years of experimentation. Green manures have a good potential to maintain soil fertility, supplement 
nutrient supply to rice crop and could contribute to greater food security [21]. 
 
4.5. Dry matter production: 

Dry matter accumulation is considered to be the reliable index of crop growth. The effects of variables on 
the total dry matter production (DMP) (kg ha-1) of rice are furnished in (Table 1). The DMP was increased at 
harvest due to INM practice, organic manures and recommended NPK fertilizer application. During the course 
of investigation, the INM practice (T14) recorded higher DMP (13705 and 13760 kg ha-1 at harvest during 2012 
and 2013, respectively, which was however, comparable with 100% RDN through green manure (T5) and 
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recommended NPK fertilizers (T13). Among the organic treatments, 100% RDN through green manure (T5) 
recorded more DMP (11529 and 11607) at harvest during 2012 and 2013, respectively and it was followed by 
25% RDN through each organic manures (T12). The lowest dry matter production at harvest was associated in 
absolute control (T1) (8509 and  8585 during 2012 and 2013, respectively). This was significantly inferior to the 
dry matter produced by all the organic, inorganic and INM treatment during both the years of investigation. The 
probable reason might be attributed to the continuous slow release of nutrients which might have enabled the 
leaf area duration to extend, thereby providing an opportunity for plants to increase the photosynthetic rate 
which could have led to higher accumulation of dry matter. Similar results were obtained by Sangeetha [24].  

In general, the beneficial effect of N supplied through organic treatments (T2 to T12) on the growth 
characters viz., plant height, number of tillers, LAI and DMP of rice cultivar (CO (R) 48)  during samba 2012 
and 2013 was observed when compared to absolute control. In the present study, the non supply of N through 
any source resulted in poor performance of rice and noticed by the lowest values of all the growth parameters in 
absolute control. When N was not supplied through organic or inorganic source rice has to obviously depend 
upon initial N, which was not sufficient to produce even reasonable yields. Similar results were obtained from 
the findings of Srinivasulu Reddy [29] and Hameed Khan. 
 
4.6. Yield parameters: 

The yield parameters such as productive tillers per square meter, panicle length, total number of grains per 
panicle, filled grains per panicle  fertility percentage), thousand grain weight,  grain and straw yield were 
recorded during both the years of study (Table 2 & 3). 
 
4.7. Productive tillers m-2: 

The number of productive tillers m-2 ranged from 228 to 328 and from 236 to 330 during 2012 and 2013 
respectively. The INM practice (T14) recorded more number of productive tillers m-2 (328 in 2012 and 330 in 
2013, respectively) and which was on par with  recommended NPK fertilizers (T13). Among the organic 
treatments, 100% RDN through green manure (T5) recorded higher number of productive tillers m-2 (310 and 
308 during 2012 and 2013, respectively) and it was on par with 25%  RDN  through each organic manure (T12). 
The least number of productive tillers m-2 (228 in 2012 and 236 in 2013) was associated with the treatment of 
absolute control (T1).  
 
4.8. Panicle length: 

The panicle length extended from 19.0 to 26.2 cm during 2012 and from 19.2 to 26.6 cm during 2013. The 
length of the panicle was found to increase with the INM practice (T14) (26.2 in 2012 and 26.6 in 2013, 
respectively) and which was comparable with recommended NPK fertilizers (T13). Among the organic 
treatments, 100% RDN through green manure (T5) recorded with increased panicle length (24.4 and 24.4 during 
2012 and 2013, respectively) and it was followed by 25% RDN through each organic manure (T12). The 
absolute control (T1) noted with shorter panicle length (19.0 in 2012 and 19.2 in 2013.  
 
4.9. Total number of grains  panicle-1: 

More number of total grains panicle-1 were produced with the  INM practice (T14) (175 and 180 during 2012 
and 2013, respectively) and was comparable with recommended NPK fertilizers (T13). Among the organic 
treatments, 100% RDN though green manure (T5) recorded higher number of grains panicle-1 (152 in 2012 and 
156 in 2013) and was followed by 25% RDN through each  organic manure (T12). The absolute control (T1) 
recorded  lesser number of total grains panicle-1 (99 during 2012 and 102 during 2013, respectively). 
 
4.10. Filled grains panicle -1: 

The number of filled grains panicle-1 ranged from 70 to 159 in 2012 and from 74 to 164 in 2013. The INM 
practice (T14) enhanced filled grains panicle-1 (159, 164 in 2012 and 2013, respectively) and was comparable 
with recommended NPK fertilizers (T13). Among the organic treatments, 100% RDN through green manure (T5) 
recorded more number of filled grains panicle-1 (132 during 2012 and 138 during 2013), and  it was followed by  
25% RDN  through each organic manure (T12) (131 during 2012 and 128 during 2013). The absolute control 
(T1) recorded lesser filled grains panicle-1 (70 during 2012 and 74 during 2013). 
 
4.11. Percentage of filled grains / fertility percentage: 

The percentage of filled grain which indicate the capacity of the plant to convert source to sink in the 
process of photosynthesis, was significantly influenced by the INM practice, organic manures and recommended 
NPK fertilizers in both the years of experimentation. Higher percentage of filled grain was recorded under the 
INM practice (T14) (90.8 and 91.1 during 2012 and 2013, respectively) and it was comparable with 
recommended NPK fertilizers (T13). Among the organic treatments, 100% RDN through green manure (T5) 
recorded  higher filled grain percentage ( 86.8 and 88.5 during 2012 and 2013, respectively) and it was 
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comparable with 25% RDN through each organic manure (T12) which were on par with each other during both 
the years. Lower percentage of filled grain was noticed in the absolute control (T1) (70.7 in 2012 and 72.5 in 
2013). 
 
4.12. Grain yield: 

The treatments imposed had direct influence on rice grain yield in both the years of experimentation. The 
grain yield of rice extended from 3602 to 6235 kg ha-1 during 2012 and from 3646 to 6270 kg ha-1 during 2013. 
The INM practice (T14) recorded higher grain yield (6235 and 6270 kg ha-1 in 2012 and 2013, respectively). The 
percentage yield increased under INM ranged from 73.1 in 2012 to 72.0 in 2013 over absolute control. The grain 
yield under INM practices was comparable with recommended RDF (5603 and 5680 in 2012 and 2013, 
respectively) and resulted in yield reduction of 11.3 per cent  and 11.4 per cent over INM  in both the years of 
study. Among the organic treatments, 100 per cent RDN though green manure (T5)  recorded higher grain yield 
(5084 and 5140 in 2012 and 2013, respectively) resulted in yield reduction of  22.6 per cent and 22.0 per cent 
over INM and  the percentage yield increase  over absolute control ranged from 41.1 in 2012 to 41.0 in 2013, 
respectively. Next to 100 per cent RDN through green manure, higher grain yield was recorded with 25 per cent 
RDN through each organic manure (T12) (5004 and 5120 in 2012 and 2013, respectively) resulted in  percentage 
yield increase over absolute control was 38.9 in 2012 and 40.9 in 2013. While comparing all the organic 
treatments, the percentage yield increase ranged from 8.5 to 41.1 in 2012 and 9.2 to 41.0 in 2013, respectively 
over absolute control. The RDF treatment recorded higher grain yield (5603 and 5680 in 2012 and 2013, 
respectively) resulted  in  percentage yield reduction of 11.3 and 11.4 over INM and percentage yield increase of 
9.9 and 10.5 over 100 per cent RDN through green manure treatment.The lower grain yield (3602 in 2012 and 
3646 in 2013) was obtained with absolute control (T1), which did not receive organic manures and 
recommended NPK fertilizers. The treatments like INM, RDF, 100 per cent RDN through green manure, and 25 
per cent  RDN through each organic manures resulted in percentage yield increase (73.1 and 72.0, 55.6 and 
55.8, 41.1 and 41.0, and 38.9 and 40.9, respectively) over absolute control in both the years of study.  
 
4.13. Straw yield: 

The straw yield was significantly influenced by the treatments imposed in both the years of study. The 
straw yield ranged from 4907 to 7470 kg ha-1 and from 4939 to 7490 kg ha-1 during 2012 and 2013, respectively. 
The INM practice (T14) enhanced  the straw yield (7470 and 7490 kg ha-1 in 2012 and 2013, respectively) which 
was on par with recommended NPK fertilizers (T13). In organic treatments, 100 per cent RDN through green 
manure (T5) recorded higher straw yield (6445 and 6467 during 2012 and 2013 respectively) and was followed 
by 25 per cent RDN through each organic manure (T12) with 6376 kg ha-1 and 6455 kg ha-1 of straw yield during  
2012 and 2013. In both the years of study, lower straw yield (4907 and 4939 during 2012 and 2013) was 
recorded in T1 viz., absolute control.Physiologically proper partitioning might have occurred from source to 
sink, as a result improved the yield attributes. The results are similar to the findings of Vijay Kumar and Singh 
[34]. Mohandas et al. [18] observed that the enhanced and continuous supply of nutrients by the enriched 
organics leading to better tiller production enhanced panicle length and filled grain of rice which ultimately 
leads to higher total biomass production of rice. Padmaja Rao [20] indicated that further filling of grains with 
photosynthates is likely to occur. Steady and continuous supply of N throughout the entire crop growth period 
due to gradual transformation and mineralization of organics, solubilization of water insoluble P compounds by 
organic acids released during decomposition of organics resulting in greater P availability to crop coupled with 
higher native K availability might have played a key role in ensuring superior yield attributes by organics in 
combination with inorganic N like in INM practice. This was in agreement with the findings of several workers 
who reported all increase in yield contributing characters due to addition of mineral N along with organics like 
Sesbania aculeata [10,33,1], FYM [27,14] poultry manure [3,7,13]. Generally, the tiller formation in rice is 
highly influenced by solar radiation interception, total sunshine reception, nutrient uptake, rate of photosynthesis 
and other physiological phenomena and ultimately enhanced the growth and development and yield of rice [35].  
 
Quality parameters: 
5.1. Milling characteristics of paddy: 

The INM practice, addition of organic manures and recommended NPK  fertilizers in the first and second 
crop of rice had marked  influence on the quality parameters in both the year of investigation (Table 4 and  
Table 5). 
 
5.2. Milling recovery:  

The treatments imposed did not significantly influenced the milling recovery percentage in both the years of 
experimentation (Table 4). However, the milling recovery was higher in all the treatments except absolute 
control. Similar trend was also observed by Dixit and Gupta [8] and Sreenivasa Reddy [29].   
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5.3. Hulling percentage: 
The treatments imposed did not significantly influenced the hulling recovery percentage in both the years of 

experimentation (Table 4). However, the hulling recovery was higher in all the treatments. Similar trend was 
also observed by Dixit and Gupta [8] and Sreenivasa Reddy [29].   
 
5.4. Head rice percentage: 

The treatments imposed did not significantly influenced the head rice recovery percentage in both the years 
of experimentation. However, the head rice recovery was higher in all the treatments except absolute control. 
 
5.5. Co-efficient of shelling: 

The treatments imposed did not significantly influenced the Co-efficient of shelling in both the years of 
experimentation. However, the Co-efficient of shelling was higher in all the treatments except absolute control. 
 
5.6. Volume expansion ratio: 

The treatments imposed directly influenced on volume expansion ratio of rice in both the years of study 
(Table 5). The higher volume expansion ratio was observed with 100% RDN through green manure (T5) (3.24 and 
3.26% ) and it was comparable with INM practice (T14) (3.00 and 3.10% during 2012 and 2013. The recommended dose 
of NPK fertilizers (T13) recorded with the volume expansion ratio of  2.52 and 2.50% during 2012 and 2013, 
respectively. Lower volume expansion ratio was recorded for absolute control (T1) (2.48 and 2.40% during 2012 
and 2013, respectively). Invariably all the organic treatments resulted with more volume expansion ratio and it 
was comparable with INM practice (T14) during both the years of study. Similar trend was also observed by 
Shanmugasundaram [25], Parida et al., [22,28].   
 
5.7. Water absorption ratio: 

The treatments imposed did not significantly influenced the water absorption ratio in both the years of 
experimentation. However, the water absorption ratio was higher in all the treatments except absolute control.  
 
5.8. Linear elongation ratio: 

The treatments imposed did not significantly influenced the linear elongation ratio (LER) in both the years 
of experimentation. However, the linear elongation ratio was higher in  100% RDN through green manure 
applied treatment than all the other treatments whereas, lower linear elongation ratio was recorded in absolute 
control. The increased length / breadth ratio after cooking was observed with 100% RDN through green manure 
followed by INM practices. This character is considered as desirable trait in high quality rice. Nguyen et al. 
(2002) reported that the application of organic manures gave a higher L:B ratio of rice after cooking than with 
inorganic fertilizers. 
 
5.9. Amylose: 

The treatments imposed had direct influence on amylose content of rice in both the years of study. The 
higher amylose content was registered with with100% RDN through green manure (T5) (26.82 and 26.86%) and 
it was comparable with INM practice (T14) (24.55 and 24.58%) during 2012 and 2013.The recommended dose 
of NPK fertilizers (T13) recorded with the amylose content of 24.24 and 24.38% during 2012 and 2013, 
respectively. Lower amylose content was recorded for absolute control (T1) (19.00 and 19.03% during 2012 and 
2013, respectively). Invariably all the organic treatments resulted with more amylose content  and it was 
comparable with INM practice ( T14) during both the years of study. Similar trend was also observed by Parida 
et al., [22], Hemalatha et al., [12]; Sreenivasa Reddy [29]. 
 
5.10. Protein: 

The treatments imposed had direct influence on protein content of rice in both the years of study (Table 5). 
Higher protein content was recorded with100% RDN through green manure (T5) (7.14 and 7.17%) and it was 
comparable with INM practice (T14) (7.10 and 7.12 %) during 2012 and 2013 The recommended dose of NPK 
fertilizers (T13) recorded with the protein content  of 7.00 and 7.01% during 2012 and 2013, respectively. 
Lower protein content was recorded for absolute control (T1) (5.82 and 5.84% during 2012 and 2013, 
respectively). Invariably all the organic treatments resulted with more protein content and it was comparable 
with INM practice (T14) during both the years of study. Similar trend was also observed by Parida et al., [22], 
Hemalatha et al., [12]. 
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Table 1: Effect of organic manures, RDF and INM on different growth parameters of rice c.v. CO (R) 48  at different growth stages 

Treatments 

Samba 2012  Samba 2013 
Plant 
height 
at 
floweri
ng 
(cm) 

LAI at 
flowerin
g 

No. 
of 
tillers 
at 
harve
st 

DMP 
at 
harve
st 
(kg 
ha-1 ) 

Plant 
height at 
flowerin
g 
(cm) 

LAI at 
floweri
ng 

No of 
tillers 
at 
harvest 

DMP 
at 
harve
st 
(kg 
ha-1 ) 

T1     :   Absolute control 96.2 3.34 300 8509  99.8 3.36 303 8585 
T2   :   100% RDN through FYM 110.4 4.28 409 9588  113.6 4.40 413 9615 
T3   :   100% RDN through VC 112.1 4.52 419 9845  114.4 4.64 423 9998 
T4   :   100% RDN through PM 113.2 4.59 429 9985  115.8 4.66 432 10310 
T5   :   100% RDN through GM 116.9 4.92 508 11529  119.8 4.96 510 11607 
T6     :  50%   RDN each of  through  FYM + 
VC 

111.4 4.32 416 9030  113.2 4.38 419 9155 

T7     :   50%   RDN  each of  through FYM + 
PM 

112.3 4.34 432 10745  106.8 4.41 436 10988 

T8     :   50%   RDN  each of through  FYM + 
GM 

113.2 4.36 412 9730  107.9 4.42 416 9884 

T9   :  50%   RDN   each of  through VC  + 
PM 

114.4 4.48 436 11178  110.2 4.50 440 11290 

T10  :  50%   RDN  each of  through VC  + 
GM 

114.6 4.52 404 9400  108.6 4.54 407 9525 

T11   :    50%  RDN  each of  through PM + GM 114.8 4.56 422 9900  109.4 4.60 425 10085 
T12  :   25%  RDN  each of  through FYM + VC + 
PM + GM 

115.1 4.78 452 11380  118.2 4.82 455 11575 

T13  :  RDF (150 : 50 : 50 ) NPK kg ha-1 120.2 4.82 502 12706  122.2 4.85 507 12808 
T14   : INM  Practice (RDF + GM @ 6.25 t ha-

1) 
130.4 4.95 584 13705  134.1 4.97 588 13760 

SEd 11.7 0.42 41 984  11.6 0.41 41 997 
CD (p=0.05) 24.5 0.87 83 2066  24.4 0.86 83 2094 

FYM: Farm Yard Manure, VC: Vermi-compost, PM: Poultry manure, GM: Green manure (Dhaincha) Sesbania aculeata 
RDN: Recommended Dose of Nitrogen, RDF: Recommended Dose of Fertilizers, INM: Integrated Nutrient Management 
AT: Active tillering, and F: Flowering. 
 
Table 2: Effect of organic manures, RDF and INM on different yield parameters of rice c.v. CO (R) 48  at harvest (Samba 2012) 

Treatments 

Producti
ve 
tillers 
m-2 

Panicl
e 
length 
(cm) 

Total 
no. of 
grains 
panicle
-1 

Filled 
grains 
panicle
-1 

Fertility 
percenta
ge 

Thousan
d grain 
weight 
(g) 

Grain 
yield 
(kg ha-

1 ) 

Straw 
yield 
(kg ha-

1) 

T1     :   Absolute control 228 19.0 99 70 70.7 16.2 3602 4907 
T2   :   100% RDN through FYM 270 21.9 132 103 79.0 17.8 4164 5424 
T3   :   100% RDN through VC 278 22.9 136 116 85.3 17.8 4296 5549 
T4   :   100% RDN through PM 288 23.1 140 111 79.3 17.9 4377 5608 
T5   :   100% RDN through GM 310 24.4 152 132 86.8 17.9 5084 6445 
T6     :  50%   RDN each of  through  FYM + 
VC 

259 20.1 128 102 79.7 17.6 3910 5120 

T7     :   50%   RDN  each of  through FYM + 
PM 

299 23.4 143 113 79.0 17.9 4721 6024 

T8     :   50%   RDN  each of through  FYM + 
GM 

274 22.4 134 105 78.4 17.8 4236 5494 

T9   :  50%   RDN   each of  through VC  + 
PM 

301 23.9 147 115 78.2 17.9 4923 6255 

T10  :  50%   RDN  each of  through VC  + 
GM 

264 20.7 130 103 79.2 17.7 4079 5321 

T11   :    50%  RDN  each of  through PM + 
GM 

282 23.1 138 109 78.9 17.9 4322 5578 

T12  :   25%  RDN  each of  through FYM + VC 
+ PM + GM 

306 24.0 150 131 87.3 17.9 5004 6376 

T13  :  RDF (150 : 50 : 50 ) NPK kg ha-1 312 24.6 154 134 87.0 17.9 5603 7103 
T14   : INM  Practice (RDF + GM @ 6.25 t 
ha-1) 

328 26.2 175 159 90.8 18.2 6235 7470 

SEd 26 2.1 13 11 7.6 1.6 425 546 
CD (p=0.05) 54 4.3 28 22 16.1 NS 874 1123 

FYM: Farm Yard Manure, VC: Vermi-compost, PM: Poultry manure, GM: Green manure (Dhaincha) Sesbania aculeata 
RDN: Recommended Dose of Nitrogen, RDF: Recommended Dose of Fertilizers, INM: Integrated Nutrient Management 
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Table 3: Effect of organic manures, RDF and INM on different yield parameters of rice c.v. CO (R) 48  at harvest (Samba 2013) 

Treatments 
Producti
ve tillers 
m-2 

Panic
le 
lengt
h 
(cm) 

Total 
no. of 
grains 
panicle
-1 

Filled 
grains 
panicle
-1 

Fertility 
percenta
ge 

Thousan
d grain 
weight 
(g) 

Grain 
yield 
(kg ha-

1 ) 

Straw 
yield 
(kg ha-

1) 

T1     :   Absolute control 
236 19.2 102 74 72.5 16.2 3646 

493
9 

T2   :   100% RDN through FYM 
272 22.9 134 106 79.1 17.8 4190 

542
5 

T3   :   100% RDN through VC 
280 23.7 139 109 78.4 17.9 4380 

561
8 

T4   :   100% RDN through PM 
292 23.9 142 114 80.3 17.9 4550 

576
0 

T5   :   100% RDN through GM 
308 24.4 156 138 88.5 17.9 5140 

646
7 

T6     :  50%   RDN each of  through  FYM + 
VC 

260 20.7 130 104 80.0 17.6 3980 
517
5 

T7     :   50%   RDN  each of  through FYM + 
PM 

300 24.3 145 118 81.4 17.9 4833 
615
5 

T8     :   50%   RDN  each of through  FYM + 
GM 

276 23.2 136 108 79.4 17.8 4316 
556
8 

T9   :  50%   RDN   each of  through VC  + 
PM 

304 24.5 148 117 79.1 17.9 4986 
630
4 

T10  :  50%   RDN  each of  through VC  + 
GM 

268 21.4 132 105 79.5 17.7 4140 
538
5 

T11   :    50%  RDN  each of  through PM + 
GM 

284 24.2 140 111 79.3 17.9 4430 
565
5 

T12  :   25%  RDN  each of  through FYM + VC 
+ PM + GM 

308 24.2 153 128 83.7 17.9 5120 
645
5 

T13  :  RDF (150 : 50 : 50 ) NPK kg ha-1 
316 24.8 157 139 88.5 17.9 5680 

712
8 

T14   : INM  Practice (RDF + GM @ 6.25 t 
ha-1) 

330 26.6 180 164 91.1 18.3 6270 
749
0 

SEd 26 2.1 13 11 7.6 1.7 432 552 

CD (p=0.05) 55 4.4 28 22 16.1 NS 889 
113
6 

FYM: Farm Yard Manure, VC: Vermi-compost, PM: Poultry manure, GM: Green manure (Dhaincha) Sesbania aculeata 
RDN: Recommended Dose of Nitrogen, RDF: Recommended Dose of Fertilizers, INM: Integrated Nutrient Management 
 
Table 4: Effect of organic manures, RDF and INM on different quality parameters of rice c.v. CO (R) 48  at harvest 

Treatments 

Samba 2012      Samba 2013    

Millin
g  
(%) 

Hullin
g 
(%) 

Head 
rice 
(%) 

Co-
efficient 
of 
shelling 

Milli
ng  
(%) 

Hulli
ng 
(%) 

Head 
rice 
(%) 

Co-
efficient 
of 
shelling 

T1     :   Absolute control 
61.9 74.4 58.6 0.74 61.7 74.1 58.4 0.75 

T2   :   100% RDN through FYM 65.2 75.2 61.4 0.80 65.0 74.6 61.2 0.79 
T3   :   100% RDN through VC 65.7 74.9 62.4 0.81 65.5 74.5 62.2 0.80 
T4   :   100% RDN through PM 66.4 74.8 63.2 0.82 66.2 74.4 63.0 0.81 
T5   :   100% RDN through GM 69.1 75.1 68.4 0.89 69.2 75.1 69.2 0.88 
T6     :  50%   RDN each of  through  FYM + 
VC 

64.4 73.6 60.2 0.78 64.2 74.2 60.0 0.79 

T7     :   50%   RDN  each of  through FYM + 
PM 

66.6 74.8 63.7 0.83 66.4 74.4 63.5 0.82 

T8     :   50%   RDN  each of through  FYM + 
GM 

65.6 74.2 61.8 0.81 65.4 74.8 61.6 0.80 

T9   :  50%   RDN   each of  through VC  + 
PM 

66.8 74.7 64.0 0.79 66.6 74.3 64.0 0.82 

T10  :  50%   RDN  each of  through VC  + 
GM 

64.9 73.8 61.0 0.82 64.7 74.5 60.8 0.80 

T11   :    50%  RDN  each of  through PM + 
GM 

65.8 74.6 62.8 0.74 65.5 74.2 62.6 0.81 

T12  :   25%  RDN  each of  through FYM + VC 
+ PM + GM 

67.2 74.9 64.2 0.84 67.0 74.5 64.0 0.83 

T13  :  RDF (150 : 50 : 50 ) NPK kg ha-1 62.4 72.8 59.4 0.76 63.4 73.6 59.2 0.78 
T14   : INM  Practice (RDF + GM @ 6.25 t 
ha-1) 

67.4 75.1 64.3 0.84 67.2 74.6 64.1 0.83 

SEd 6.3 7.1 5.9 0.08 6.2 7.1 5.9 0.08 
CD (p=0.05) NS NS NS NS NS NS NS NS 

FYM: Farm Yard Manure, VC: Vermi-compost, PM: Poultry manure, GM: Green manure (Dhaincha) Sesbania aculeata 
RDN: Recommended Dose of Nitrogen, RDF: Recommended Dose of Fertilizers, INM: Integrated Nutrient Management 
 



90                                                      S. Alagappan and R .Venkitaswamy, 2016 
Advances in Environmental Biology, 10(3) March 2016, Pages: 81-92 

 

Table 5: Effect of organic manures, RDF and INM on different quality parameters of rice c.v. CO (R) 48 at harvest 

Treatments 

Samba 2012     Samba 2013 
  

Volu
me 

expan
sion 
ratio 

Water 
absorpti

on 
ratio 

Linea
r 

elong
ation 
ratio 

Amylose 
content 

Protein 
content 

Volum
e 

expansi
on 

ratio 

 
 

Water 
absor
ption 
ratio 

Line
ar 

elon
gati
on 

ratio 

Am
ylos

e 
cont
ent 

Protein 
content 

T1     :   Absolute control 2.48 4.11 1.70 19.00 5.82 2.40 4.10 1.71 
19.0

3 
5.84 

T2   :   100% RDN through FYM 2.56 4.15 1.74 24.47 7.01 2.62 4.18 1.75 
24.5

0 
7.02 

T3   :   100% RDN through VC 2.68 4.20 1.74 24.50 6.82 2.70 4.22 1.75 
24.5

3 
6.83 

T4   :   100% RDN through PM 2.92 4.27 1.75 24.52 7.05 2.90 4.26 1.76 
24.5

5 
7.06 

T5   :   100% RDN through GM 3.24 4.68 1.88 26.82 7.14 3.26 4.70 1.90 
26.8

6 
7.17 

T6     :  50%   RDN each of  through  
FYM + VC 

2.54 4.13 1.73 20.43 6.44 2.55 4.15 1.73 
20.4

7 
6.46 

T7     :   50%   RDN  each of  through 
FYM + PM 

2.96 4.28 1.75 24.53 7.06 2.97 4.25 1.75 
24.5

6 
7.07 

T8     :   50%   RDN  each of through  
FYM + GM 

2.58 4.16 1.74 24.48 6.96 2.66 4.20 1.74 
24.5

1 
6.98 

T9   :  50%   RDN   each of  through 
VC  + PM 

2.97 4.29 1.77 24.53 7.08 2.98 4.26 1.77 
24.5

7 
7.10 

T10  :  50%   RDN  each of  through 
VC  + GM 

2.55 4.14 1.74 24.45 6.64 2.60 4.16 1.74 
24.4

8 
6.66 

T11   :    50%  RDN  each of  through 
PM + GM 

2.86 4.24 1.76 24.51 7.03 2.87 4.25 1.76 
24.5

4 
7.05 

T12  :   25%  RDN  each of  through 
FYM + VC + PM + GM 

2.98 4.30 1.76 24.54 7.09 2.99 4.27 1.77 
24.5

7 
7.09 

T13  :  RDF (150 : 50 : 50 ) NPK kg 
ha-1 

2.52 4.12 1.77 24.24 7.00 2.50 4.11 1.78 
24.3

8 
7.01 

T14   : INM  Practice (RDF + GM @ 
6.25 t ha-1) 

3.00 4.33 1.76 24.55 7.10 3.10 4.28 1.78 
24.5

8 
7.12 

SEd 
0.26 
0.54 

0.40 
NS 

0.17 2.28 
4.68 

0.65 
1.33 

0.26 
0.54 

0.40 
NS 

0.17 2.28 
4.68 

0.65 
1.33 

CD (p=0.05)   NS     NS   
RDN: Recommended Dose of Nitrogen, RDF: Recommended Dose 
 
Conclusion: 

In the present study, growth parameters such as plant height at flowering , LAI at flowering, number of 
tillers at harvest and the dry matter production at harvest  were highly influenced by INM practice followed by 
RDF, whereas in organic treatments, 100% RDN through green manure followed by 25% RDN through each 
organic manure had influenced all the growth  parameters than other treatments. Similar trend was noticed in 
the case of yield parameters such as productive tillers per square meter, panicle length, total number of grains 
per panicle, filled grains per panicle, fertility percentage, thousand grain weight, grain and straw yield during 
both the years of investigation. In case of quality parameters of rice is concerned, the milling percent, hulling 
percent, head rice percent and co-efficient of shelling, the 100% RDN through green manure influenced more 
than organic and inorganic treatments like RDF and INM practices. Similarly in the case of volume expansion, 
water absorption, elongation ratio, amylose and protein content of rice kernel was highly influenced by 100% 
RDN through green manure followed by 25% RDN through each organic manure than RDF and INM practices. 
Invariably, all the organic treatments showed better quality parameters of rice kernel during both the years of 
investigation.  
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