
  Advances in Environmental Biology, 8(17) September 2014, Pages: 521-530 

 

AENSI Journals 

Advances in Environmental Biology 
ISSN-1995-0756      EISSN-1998-1066 

 

Journal home page: http://www.aensiweb.com/AEB/ 

 

 

Corresponding Author: Morteza Siavoshi, Department of Agriculture Science, Payame Noor University, I.R. of Iran.   

             E-mail: Morteza_Siavoshi@yahoo.com 

Effect of Organic Fertilizers on Organic Constituents and Enzymes in Rice 
 
Morteza Siavoshi, Salman Dastan, Reza Yadi and MahbubehEbrahimi 
 

Department of Agriculture Science, Payame Noor University, I.R. of Iran 

 

A R T I C L E  I N F O   A B S T R A C T  

Article history: 

Received  30  August  2014 

Received in revised form 
17 November  2014 

Accepted  25 November 2014 

Available online 8 December 2014 
 

Keywords: 

Qualities parameters, Organic 
fertilizers, Rice, Grain yield  

 

 Background: In order to study the effect of organic fertilizers on morphological 

parameters in rice, an experiment was carried out in 2010, in randomized block design 

based on 4 replications. Cow manure, poultry manure, rice straw and husk were used 
for formulation of organic fertilizers. The treatments of organic fertilizers CM, PM, 

CMR, PMR, and CPMR were used alone at 4t/ha in five treatments.  Half dose of 

CPMR was used with half dose of RDF (N-50, P-25, K-25 kg/ha) at one level and RDF 
(N=100, P=50, K=50 kg/ha) alone at one level. The plants without treatments 

considered as control. Grain yield and morphological parameters were significantly 

increased in all the treatments over control. The maximum grain yield (4812.71 kg/ha) 
was noted in plants treated with CPMR 2t +½ RDF. An increase in the grain yield at the 

abovementioned treatments was may be due to the increase of dry matter, total number 

of tiller, flag leaf length, number of fertile tillers and 1000-seed weight. 
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INTRODUCTION 

 

 Cereals are an important dietary carbohydrate and protein source throughout the world, because they 

constitute the main protein and energy supply in most countries (Bos et al., 2005). Rice is primarily a high 

energy calorie food. The major part of rice consists of carbohydrate in the form of starch, which is about 72-75 

% of the total grain composition. The protein content of rice is around 7.0 %. The protein of rice contains 

glutelin, which is also known as oryzenin. The nutritive value of rice protein (biological value = 80) is much 

higher than that of wheat (biological value = 60) and maize (biological value = 50) or other cereals. Rice 

contains most of the minerals mainly located in the pericarp and germ and about 4% phosphorus. Rice also 

contains some enzymes. Nitrogen, phosphorous and potassium are major elements essential for plant growth and 

development. To date use of chemical fertilizers has been confined mainly to the application of nitrogen and 

phosphorous and due attention has not been paid to the potassium. Its role is well documented in photosynthesis, 

increasing enzyme activity, improving synthesis of protein, carbohydrates and fats, translocation of 

photosynthetic, enabling their ability to resist pests and diseases. Potassium also plays key role in increasing 

crop yield and improving the quality of produce. Jogloy et al. reported that the application of animal manure 

plus chemical fertilizer gave the highest chlorophyll in (Helianthus tuberosus L.)  Xu et al. found that the 

organic manure application with chemical fertilizers increased the yield more than chemical fertilizers because it 

increased nitrogen use efficiency of rice. Ahmed et al. reported that application of organic manures and 

biofertilizers increase Catalase and Peroxidase activities in sorghum. This result was also supported by Abd El-

Ghany, [2]. According to them these responses may be attributed as an attempt of the plant to overcome the 

adverse conditions of some elements required for growth and development of sorghum plants. The increments in 

these enzymes helped the plant to destroy H2O2 available in normal or abnormal conditions and maintained the 

ascorbate pool which in turn led to elevate the plant tolerance and maintained best growth. On the other hand the 

coincident application of organic manures and biofertilizers is frequently recommended firstly for improving 

biological, physical and chemical properties of soil and secondly to get clean agricultural products free of 

undesirable high doses of heavy metals and other pollutants [1]. According to Trinchera et al. chemical 

fertilization is able to supply greater amounts of nitrogen to plants in a brief period to improve better 

metabolism without needing for additional activity of the enzymes, however, in case of plants receiving the 

organic fertilizers, may face a condition of slowly releasing the available nitrogen. This slow release of N may 

be considered as adverse environmental conditions due to nutrient deficiency where the role of the antioxidant 



522                                                                   Morteza Siavoshi et al, 2014 

Advances in Environmental Biology, 8(17) September 2014, Pages: 521-530 

enzymes support plants to become more tolerant against the proposed disturbances in different plant 

physiological process.  Hence in present investigation it was planned to analyze organic constituents and assay 

antioxidant enzymes in rice under different types of organic fertilizers, without or with RDF and compare these 

with RDF.     

MATERIALS AND METHODS 

 

 After completing filed experiments and data collection from experimental plants, some samples were saved 

for biochemical analysis. The samples were dried in sun and then finally in oven to get constant weight.  After 

drying, the samples were made into powder with pestle in mortar.  Powdered samples were kept in refrigerator 

for further analyses. 

 

3.2.2. Estimation of photosynthetic pigments:  

 Chlorophyll were extracted and estimated by Arnon’s [6] method and Coombs et al.. One gram of the fresh 

flag leaf tissue was cut into small pieces and placed into a specimen bottle containing10 ml of absolute ethanol 

and stored in the dark for two weeks. 1 ml of the filtered extract was then diluted with 6 ml of absolute ethanol 

and the absorbance of the chlorophyll solution measured using a spectrophotometer (Shimadzu- 1700) at 645 

and 663 nm. The chlorophyll a and chlorophyll b content in milligrams (mg) were estimated using the formula 

of Arnon [6]. 

 Reducing sugars were extracted and estimated by Nelson-Somogyi method. Sugars were extracted from 

powdered flag leaf material and also from grains in hot ethanol. The powdered sample (100 mg) was extracted 

with hot 80% ethanol and centrifuged at 10,000 × g for 10 minutes. Supernatant was taken in other tube and the 

pellet was re-extracted with hot ethanol and centrifuged. Supernatants were pooled and evaporated on a water 

bath at 80
0
C to approximately 1.0 ml. The final volume of supernatant was adjusted to 10 ml with distilled 

water.  This supernatant (0.2 ml) was used for reaction with 1 ml of alkaline copper tartarate reagent. Reaction 

mixture was heated in a boiling water bath for 10 minutes.  The reaction mixture was cooled to room 

temperature and to that 1 ml of arsenomolybdic acid reagent was added and finally volume was adjusted to 10 

ml with distilled water. The blue colour developed after 10 minutes was read at 620 nm on UV-visible 

spectrophotometer (Shimadzu- 1700).  Maltose at the concentration of 200 g per 1 ml was used as standard 

sugar to prepare the standard curve. 

 The soluble sugars were estimated by anthrone reagent. Fresh leaf and grain sample (0.5 g) was extracted 

with hot 80% ethanol and centrifuged at 10,000 ×g for 10 minutes. Supernatant was taken in other tube and the 

pellet was re-extracted with hot ethanol and centrifuged. Supernatants were pooled and evaporated on a water 

bath at 80
0
C to approximately 1.0 ml. The final volume of supernatant was adjusted to 10 ml with distilled 

water. The sample was used for estimation of soluble sugars. For reactions, 0.1 ml of extract was diluted to 1 ml 

with distilled water and to that; 4 ml of anthrone reagent was added. The green colour developed in reaction 

mixture after 10 min of incubation in boiling water bath was read at 630 nm on UV-visible spectrophotometer 

(Shimadzu-1700). D-Glucose was used to prepare the standard curve. 

 Starch was estimated using Anthrone reagent as per the method described by Sadasivam and Manickam. 

The grain sample 1.0 g was ground to powder and extracted with 80 % hot ethanol to remove sugars. The 

preparation was centrifuged at 10, 000×g for 10 minutes and the residue was again extracted with 80 % hot 

ethanol. The residue obtained after the extraction of sugar was re-suspended in digestion mixture (6.5 ml of 52 

% perchloric acid + 5 ml distilled water) and subjected to digestion in cold condition at 0 
0
C in refrigerator for 

20 minutes. The acid digested sample was centrifuged at 10, 000 ×g for 10 minutes. The final volume of 

supernatant was made to 100 ml with distilled water. This served as the source of starch; 0.2 ml of this was used 

for estimation. The olive green colour developed was read at 630 nm on UV-visible spectrophotometer 

(Shimadzu- 1700). D-glucose at the concentration of 100 g ml
-1

 was used to prepare the standard curve. 

 Total carbohydrates were estimated using Anthrone reagent as per the method described by Sadasivam and 

Manickam. The grain sample 0.5 g was ground to powder and subjected to digestion with 1.0 N HCl in 

autoclave at 121
o
C and 15 lbs pressure for 30 minutes. After digestion, the preparation was neutralized with 

Na2CO3 and was centrifuged at 10, 000 ×g for 10 minutes. The final volume of supernatant was adjusted to 25 

ml with distilled water. The acid digested sample. This served as the source of total carbohydrates; 0.1 ml of this 

was used for estimation. The olive green colour developed was read at 630 nm on UV-visible spectrophotometer 

(Shimadzu- 1700). D-glucose at the concentration of 100 g ml
-1

 was used to prepare the standard curve. 

 Proteins were estimated by using Lowry et al. method.  For estimation of proteins powdered samples (leaf 

and grains) were first defatted and then dried again.  The defatted sample (0.5 g) was extracted in 10 ml of 0.1 

M phosphate buffer (pH 7.0).  The extract was centrifuged at 10,000 ×g for 10 min at 4
0
C.  The supernatant was 

transferred to a sorvell tube and the pellet was re-extracted with 5 ml of same buffer and centrifuged. The 

extractives were pooled and a final volume of 20 ml was made with distilled water.  This was used as a sample 

and 0.2 ml was taken for the estimation of proteins. The blue colour developed in the reaction mixture was read 
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at 660 nm on UV-visible spectrophotometer (Shimadzu-1700). Bovine serum albumin-fraction V (BSA) was 

used at the concentration of 1mg ml
–1

 as a standard protein to prepare the standard curve. 

 

Results: 

Reducing sugars (mg g 
-1

):  

 The organic fertilizers had significant effect on reducing sugars. The results pertaining to reducing sugars 

are given in table 3.4. From the results it is clear that application of organic fertilizers increased the reducing 

sugars significantly in all the treatments over control. Maximum reducing sugars in 2008 was noted in plants 

treated with organic fertilizer CPMR+ RDF (132.25 mg g
-1

), it was followed by CPMR organic fertilizer 

(122.48 mg g
-1

) and PMR (120.24 mg g
-1

) and minimum of that was for RDF chemical fertilizer (108.96 mg g
-

1
), whereas control plants showed 105.25 mg g

-1
 as an average reducing sugars.   

 

Table 3.4: Effect of organic fertilizers, recommended chemical fertilizers and combination of fertilizers on reducing sugars in rice (mg g-1). 

 
Treatments 

(Per hectare) 

Reducing Sugars (mg g-1) 

2008 2009 Pooled 

Mean PIOC Mean PIOC Pooled PIOC 

Control 105.25 0.00 104.05 0.00 104.65 0.00 

RDF (NPK) 

100:50:50 kg 

108.96 3.52 109.56 5.30 109.26 4.41 

CM      4t 112.56 6.95 114.86 10.39 113.71 8.66 

CMR   4t 115.82 10.04 119.62 14.96 117.72 12.49 

PM      4t 118.25 12.35 121.48 16.75 119.87 14.54 

PMR    4t 120.24 14.24 124.28 19.44 122.26 16.83 

CPMR 4t 122.48 16.37 130.88 25.79 126.68 21.05 

CPMR 2t +½ RDF 132.25 25.65 136.25 30.95 134.25 28.28 

CD (0.05) 5.79 - 4.40 - 3.59 - 

CD (0.01) 8.36 - 6.35 - 6.34 - 

 

 However in 2009 the maximum reducing sugar content was observed in application of organic fertilizer 

CPMR+ RDF (136.25 mg g
-1

), it was followed by CPMR organic fertilizer (130.88 mg g
-1

) and PMR (124.28 

mg g
-1

); less average reducing sugar was recorded for RDF chemical fertilizer (109.56 mg g
-1

), whereas control 

plants showed 104.05 mg g
-1

 as an average reducing sugars. 

 Among the treatments the half dose of CPMR+ RDF, CPMR organic fertilizer and PMR show results at par 

with each other and better than CM, CMR, PM and RDF alone in both the years and even in pooled means. 

 

3.3.5. Protein (mg g 
-1

): 

 The results pertaining to effect of organic fertilizers, combination of chemical fertilizer with organic 

fertilizers and recommended dose of NPK flag leaf protein content in rice is given in table 3.5. The data clearly 

indicate that maximum  protein content (110.10 mg g
-1

) was recorded in the plants treated with half dose of 

CPMR organic fertilizer supplemented with half dose of RDF in the year 2008, this value is significantly higher 

than the control (95.58 mg g
-1

). The plants treated with RDF have had 109.18 mg g
-1

 leaf protein content. The 

plants treated with CPMR exhibited 107.88 mg g
-1

 leaf protein content. Among the treatments, lowest amount of 

leaf protein content (99.32 mg g
-1

) was observed in plants treated with CM organic fertilizer. 

 
Table 3.5: Effect of organic fertilizers, recommended chemical fertilizers and combination of fertilizers on leaf protein content in rice (mg 

g-1). 

 

Treatments 

(Per hectare) 

Leaf Protein (mg g-1) 

2008 2009 Pooled 

Mean PIOC 2009 Mean Pooled PIOC 

Control 95.58 0.00 94.92 0.00 95.250 0.00 

RDF (NPK) 
100:50:50 kg 

109.18 14.23 107.98 13.76 108.580 13.99 

CM      4t 99.32 3.91 103.24 8.77 101.280 6.33 

CMR   4t 100.72 5.38 104.36 9.95 102.540 7.65 

PM      4t 102.18 6.91 106.64 12.35 104.410 9.62 

PMR    4t 105.62 10.50 107.58 13.34 106.600 11.92 

CPMR 4t 107.88 12.87 108.02 13.80 107.950 13.33 

CPMR 2t +½ RDF 110.10 15.19 111.56 17.53 110.830 16.36 

CD (0.05) 3.74 - 4.01 - 2.32 - 

CD (0.01) 5.40 - 5.79 - 4.10 - 

 
 The data on leaf protein content during year 2009 show similar trend as observed in the 2008.  However, in 
2009 values for protein content are slightly higher than the values of 2008. Maximum leaf protein content 
(111.56 mg g

-1
) was recorded in the plants treated with half dose of CPMR organic fertilizer supplemented with 

half dose of RDF, this value is significantly higher than the control (94.92 mg g
-1

). The plants treated with 
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CPMR exhibited 108.02 mg g
-1

 leaf protein content.  The plants treated with RDF have had 107.98 mg g
-1

 leaf 
protein content. Among the treatments lowest amount of leaf protein content (103.24 mg g

-1
) was observed in 

plants treated with CM organic fertilizer. 
 Among the treatments the half dose of CPMR+ RDF, CPMR organic fertilizer and RDF show results at par 
with each other and better than CM, CMR, PM and PMR in both the years and even in pooled means. 
 
3.3.6. Phenol (mg g

-1
): 

 The results regarding to effect of organic fertilizers, combination of chemical fertilizer with organic 
fertilizers and recommended dose of NPK on leaf polyphenol content in rice is given in table 3.6 from the 
results it is clear that application of organic fertilizers increased the phenol significantly in all the treatments 
over control.  
 
Table 3.6: Effect of different levels organic fertilizer, recommended dose of chemical fertilizer and combination of organic and chemical 

fertilizers on rice leaf phenol content (mg g-1 DW). 

 
Treatments 

(Per hectare) 

Phenol (mg g-1) 

2008 2009 Pooled 

Mean PIOC 2009 Mean Pooled PIOC 

Control 16.44 0.00 15.96 0.00 16.20 0.00 

RDF (NPK) 
100:50:50 kg 

18.51 12.59 19.23 20.49 18.87 16.48 

CM      4t 20.18 22.75 20.79 30.26 20.49 26.45 

CMR   4t 21.26 29.32 21.28 33.33 21.27 31.30 

PM      4t 22.41 36.31 22.02 37.97 22.22 37.13 

PMR    4t 22.61 37.53 23.77 48.93 23.19 43.15 

CPMR 4t 23.84 45.01 23.86 49.50 23.85 47.22 

CPMR 2t +½ RDF 24.28 47.69 24.55 53.82 24.42 50.71 

CD (0.05) 1.07 - 1.10 - 0.51 - 

CD (0.01) 1.54 - 1.59 - 0.90 - 

 
 Maximum phenol in 2008 was noted in plants treated with organic fertilizer CPMR+ RDF (24.28 mg g

-1
), it 

was followed by CPMR organic fertilizer (23.84 mg g
-1

) and PMR (22.61 mg g
-1

) and minimum of that was for 
RDF (18.51 mg g

-1
), whereas control plants showed 16.44 mg g

-1
 as an average soluble protein.  However in 

2009 the maximum phenol was observed in application of organic fertilizer CPMR+ RDF (24.55 mg g
-1

), it was 
followed by CPMR organic fertilizer (23.86 mg g

-1
) and PMR (23.77 mg g

-1
); less average phenol was recorded 

for RDF (19.23 mg g
-1

), whereas control plants showed 15.96 mg g
-1

 as an average phenol. 
 Among the treatments the half dose of CPMR+ RDF, CPMR organic fertilizer and PMR show results at par 
with each other and better than CM, CMR, PM and RDF alone in both the years and even in pooled means. 
 
3.3.7. Antioxidant enzymes: 
3.3.7.1. Catalase (units g

-1
): 

 The results pertaining to effect of organic fertilizers, combination of chemical fertilizer with organic 
fertilizers and recommended dose of NPK on leaf Catalase content in rice is given in table 3.7. The data clearly 
indicate that maximum leaf Catalase content (443.18 units g

-1
) was recorded in the plants fertigated with CPMR 

organic fertilizer supplemented with half dose of RDF in the year 2008, this value is significantly higher than 
the control (324.86 units g

-1
). The plants treated with CPMR and PMR organic fertilizer have had 416.82 units 

g
-1

 and 410.12 units g
-1

 leaves Catalase content respectively. The plant treated with recommended chemical 
fertilizer dose (RDF) exhibited 401.12 units g

-1
 leaves Catalase content, which is less than CPMR and PMR 

organic fertilizer treatment. Among the treatments lowest amount of Catalase (348.68 units g
-1

) was observed in 
plants treated with CM organic fertilizer. 
 
Table 3.7: Effect of different levels organic fertilizer, recommended dose of chemical fertilizer and combination of organic and chemical 

fertilizers on rice leaf Catalase content (units g-1). 

 
Treatments 

(Per hectare) 

Catalase (CAT) units g-1 

2008 2009 Pooled 

Mean PIOC 2009 Mean Pooled PIOC 

Control 324.86 0.00 315.88 0.00 320.370 0.00 

RDF (NPK) 
100:50:50 kg 

401.12 23.47 379.62 20.18 390.370 21.85 

CM      4t 348.68 7.33 328.86 4.11 338.770 5.74 

CMR   4t 352.16 8.40 342.76 8.51 347.460 8.46 

PM      4t 367.44 13.11 354.94 12.37 361.190 12.74 

PMR    4t 410.12 26.25 416.66 31.90 413.390 29.04 

CPMR 4t 416.82 28.31 424.02 34.23 420.420 31.23 

CPMR 2t +½ RDF 443.18 36.42 452.28 43.18 447.730 39.75 

CD (0.05) 23.02 - 22.39 - 11.40 - 

CD (0.01) 33.26 - 32.34 - 20.13 - 
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 The data on leaf Catalase assay during year 2009 show similar trend as observed in the 2008.  However, in 

2009 values for leaf Catalase  activity are slightly lower than the values of 2008.  Maximum leaf Catalase 

activity (452.28 units g
-1

) was recorded in the plants treated with 2 t/ha CPMR +½ RDF, this value is 

significantly higher than the control (315.88 units g
-1

). The plants treated with CPMR and PMR
 
organic fertilizer 

have had 424.02 units g
-1

 and 416.66 units g
-1

 leaf Catalase activities respectively. The plants treated with 

recommended chemical fertilizer dose RDF exhibited 379.62 units g
-1

 Catalase activity, which is significantly 

less than combination treatment.  Among the treatments, lowest Catalase activity (328.86 units g
-1

) was 

observed in plants treated with CM organic fertilizer. 

 Among the treatments the half dose of CPMR+ RDF, CPMR organic fertilizer and PMR show results at par 

with each other and better than CM, CMR, PM and RDF alone in both the years and even in pooled means. 

 

3.3.7.2. Super oxide dismutase (units g
-1

): 

 The results pertaining to effect of organic fertilizers, combination of chemical fertilizer with organic 

fertilizers and recommended dose of NPK on leaf super oxide dismutase (SOD) activity in rice is given in table 

3.8. The data clearly indicate that maximum leaf SOD activity (58.02 units g
-1

) was recorded in the plants 

treated with 2 t/ha CPMR  +½ RDF in the year 2008, this value is significantly higher than the control (42.08 

units g
-1

). The plants treated with CPMR organic fertilizer has had 57.18 units g
-1

 SOD activity. The plant 

treated with recommended chemical fertilizer dose (RDF) exhibited 55.82 units g
-1

 SOD activity. Among the 

treatments, lowest amount of SOD activity (46.62 units g
-1

) was observed in plants treated with CM organic 

fertilizer. 

 The data on leaf SOD assay during year 2009 show similar trend as observed in the 2008.  However, in 

2009 values for leaf SOD activity are slightly more than the values of 2008.  Maximum leaf SOD activity (59.86 

units g
-1

) was recorded in the plants treated with half dose of CPMR organic fertilizer supplemented RDF, this 

value is significantly higher than the control (40.94 units g
-1

). The plants treated with CPMR organic fertilizer 

has had (57.18 units g
-1

) leaf SOD activity. The plants treated with recommended chemical fertilizer dose RDF 

exhibited 56.88 units g
-1

 SOD activity.   Among the treatments, lowest amount of SOD activity (45.82 units g
-1

) 

was observed in plants treated with CM organic fertilizer. 

 Among the treatments the half dose of CPMR+ RDF, CPMR organic fertilizer and RDF show results at par 

with each other and better than CM, CMR, PM and PMR in both the years and even in pooled means. 

 
Table 3.8: Effect of different levels organic fertilizer, recommended dose of chemical fertilizer and combination of organic and chemical 

fertilizers on rice leaf Super Oxide Dismutase content (units g-1). 

 

Treatments 

(Per hectare) 

Super Oxide Dismutase (SOD) units g-1 

2008 2009 Pooled 

Mean PIOC 2009 Mean Pooled PIOC 

Control 42.08 0.00 40.94 0.00 41.510 0.00 

RDF (NPK) 
100:50:50 kg 

55.82 32.65 56.88 38.94 56.350 35.75 

CM      4t 46.62 10.79 45.82 11.92 46.220 11.35 

CMR   4t 51.44 22.24 52.48 28.19 51.960 25.17 

PM      4t 52.26 24.19 54.82 33.90 53.540 28.98 

PMR    4t 54.84 30.32 56.26 37.42 55.550 33.82 

CPMR 4t 57.18 35.88 57.18 39.67 57.180 37.75 

CPMR 2t +½ RDF 58.02 37.88 59.86 46.21 58.940 41.99 

CD (0.05) 3.44 - 3.35 - 1.24 - 

CD (0.01) 4.97 - 4.85 - 2.19 - 

 

3.3.7.3. Peroxidase (units g
-1

): 

 The results pertaining to effect of organic fertilizers, combination of chemical fertilizer with organic 

fertilizers and recommended dose of NPK on leaf peroxidase content in rice is given in table 3.9. The data 

clearly indicate that maximum leaf peroxidase (POX) activity (50.24 units g
-1

) was recorded in the plants 

fertilized with two t/ha CPMR +½ RDF in the year 2008, this value is significantly higher than the control 

(34.06 units g
-1

). The plant treated with recommended chemical fertilizer dose (RDF) exhibited 48.42 units g
-1

 

leaves POX activity, the plants treated with CPMR organic fertilizer has had 44.98 units g
-1

 leaf POX activity. 

Among the treatments, lowest activity of POX (37.08 units g
-1

) was observed in plants treated with CM organic 

fertilizer. 

 The data on leaf POX activity during year 2009 show similar trend as observed in the 2008.  However, in 

2009 values for leaf POX activity are slightly more than the values of year 2008.  Maximum POX activity 

(51.48 units g
-1

) was recorded in the plants treated with 2 t/ha CPMR +½ RDF, this value is significantly higher 

than the control (32.36 units g
-1

). The plants treated with CPMR organic fertilizer has had (46.58 units g
-1

) leaf 

POX activity. The plants treated with recommended chemical fertilizer dose RDF exhibited 46.18 units g
-1

 leaf 

POX activity. Among the treatments, lowest activity of peroxidase (38.28 units g
-1

) was observed in plants 

treated with CM organic fertilizer. 
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 Among the treatments the half dose of CPMR+ RDF, CPMR organic fertilizer and RDF show results at par 

with each other and better than CM, CMR, PM and PMR in both the years and even in pooled means. 

 
Table 3.9: Effect of different levels organic fertilizer, recommended dose of chemical fertilizer and combination of organic and chemical 

fertilizers on rice leaf Peroxidase content (units g-1). 

 

Treatments 
(Per hectare) 

Peroxidase (units g-1) 

2008 2009 Pooled 

Mean PIOC 2009 Mean Pooled PIOC 

Control 34.06 0.00 32.36 0.00 33.210 0.00 

RDF (NPK) 

100:50:50 kg 

48.42 42.16 46.18 42.71 47.300 42.43 

CM      4t 37.08 8.87 38.28 18.29 37.680 13.46 

CMR   4t 41.02 20.43 40.03 23.70 40.525 22.03 

PM      4t 41.26 21.14 41.82 29.23 41.540 25.08 

PMR    4t 43.24 26.95 44.92 38.81 44.080 32.73 

CPMR 4t 44.98 32.06 46.58 43.94 45.780 37.85 

CPMR 2t +½ RDF 50.24 47.50 51.48 59.09 50.860 53.15 

CD (0.05) 3.86 - 4.06 - 1.30 - 

CD (0.01) 5.58 - 5.86 - 2.29 - 

 

3.3.8. Grain quality parameters: 

3.3.8.1. Soluble sugars (mg g 
-1

): 

 The results pertaining to effect of organic fertilizers, combination of chemical fertilizer with organic 

fertilizers and recommended dose of NPK grain soluble sugars content in rice is given in table 3.10. The data 

clearly indicate that maximum grain soluble sugars content (136.92 mg g
-1

) was recorded in the plants fertilized 

with half dose of CPMR organic fertilizer supplemented with half dose of RDF in the year 2008, this value is 

significantly higher than the control (109.76 mg g
-1

). The plants treated with RDF have had 134.42 mg g
-1

 grain 

soluble sugars content. The plants treated with CPMR exhibited 132.03 mg g
-1

 grain soluble sugars content. 

Among the treatments lowest amount of grain soluble sugars content (113.83 mg g
-1

) was observed in plants 

treated with CM organic fertilizer. 

 
Table 3.10: Effect of different levels organic fertilizer, recommended dose of chemical fertilizer and combination of organic and chemical 

fertilizers on grain soluble sugar content (mg g-1) in rice.  

 
Treatments 

(Per hectare) 

Soluble Sugars (mg g-1) 

2008 2009 Pooled 

Mean PIOC 2009 Mean Pooled PIOC 

Control 109.76 0.00 110.06 0.00 109.910 0.00 

RDF (NPK) 

100:50:50 kg 

134.42 22.47 136.52 24.04 135.470 23.26 

CM      4t 113.83 3.71 119.8 8.85 116.815 6.28 

CMR   4t 116.15 5.82 121.67 10.55 118.910 8.19 

PM      4t 118.49 7.95 123.28 12.01 120.885 9.99 

PMR    4t 126.04 14.83 128.58 16.83 127.310 15.83 

CPMR 4t 132.03 20.29 133.99 21.74 133.010 21.02 

CPMR 2t +½ RDF 136.92 24.74 139.88 27.09 138.400 25.92 

CD (0.05) 5.37 - 4.99 - 3.28 - 

CD (0.01) 7.76 - 7.21 - 5.80 - 

 

 The data on grain soluble sugars content during year 2009 show similar trend as observed in the 2008.  

However, in 2009 values for grain soluble sugars content are slightly higher than the values of 2008.  Maximum 

grain soluble sugars content (139.88 mg g
-1

) was recorded in the plants treated with half dose of 2 t/ha CPMR 

organic fertilizer supplemented with half dose of RDF, this value is significantly higher than the control (110.06 

mg g
-1

). The plants treated with RDF have had 136.52 mg g
-1

 grain soluble sugars content. The plants treated 

with CPMR exhibited 133.99 mg g
-1

 grain soluble sugars content.  Among the treatments lowest amount of 

grain soluble sugars content (119.80 mg g
-1

) was observed in plants treated with CM organic fertilizer. 

 Among the treatments the half dose of 2 t/ha CPMR+ ½RDF, CPMR organic fertilizer and RDF show 

results at par with each other and better than CM, CMR, PM and PMR in both the years and even in pooled 

means. 

 

3.3.8.2. Starch (mg g
-1

): 

 The results pertaining to effect of organic fertilizers, combination of chemical fertilizer with organic 

fertilizers and recommended dose of NPK on grain starch content in rice is given in table 3.11. The data clearly 

indicate that maximum grain starch content (586.92 mg g
-1

) was recorded in the plants fertigated with half dose 

of CPMR organic fertilizer supplemented with half dose of RDF in the year 2008, this value is significantly 

higher than the control (518.48 mg g
-1

). The plants treated with RDF have had 582.44 mg g
-1

 grain starch 
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content. The plants treated with CPMR exhibited 573.68 mg g
-1

 grain starch content. Among the treatments 

lowest amount of grain starch content (532.18 mg g
-1

) was observed in plants treated with CM organic fertilizer. 

The data on grain starch content during year 2009 show similar trend as observed in the 2008.  However, in 

2009 values for grain starch content are slightly higher than the values of 2008.  Maximum grain starch content 

(588.26 mg g
-1

) was recorded in the plants treated with half dose of CPMR organic fertilizer supplemented with 

half dose of RDF, this value is significantly higher than the control (512.92 mg g
-1

). The plants treated with 

CPMR exhibited 578.58 mg g
-1

 grain starch content. The plants treated with RDF have had 562.42 mg g
-1

 grain 

starch content.  Among the treatments lowest amount of grain starch content (535.42 mg g
-1

) was observed in 

plants treated with CM organic fertilizer. Among the treatments the half dose of CPMR+ ½RDF, CPMR organic 

fertilizer and RDF show results  at par with each other and better than CM, CMR, PM and PMR in both the 

years and even in pooled means.The results pertaining to effect of organic fertilizers, combination of chemical 

fertilizer with organic fertilizers and recommended dose of NPK on grain total carbohydrate content in rice is 

given in table 3.12. The data clearly indicate that maximum grain total carbohydrate content (740.58 mg g
-1

) 

was recorded in the plants fertigated with half dose of CPMR organic fertilizer supplemented with half dose of 

RDF in the year 2008, this value is significantly higher than the control (651.24 mg g
-1

). The plants treated with 

RDF have had 736.26 mg g
-1

 grain total carbohydrate content. The plants treated with CPMR exhibited 725.04 

mg g
-1

 grain total carbohydrate content. Among the treatments lowest amount of grain total carbohydrate 

content (674.02 mg g
-1

) was observed in plants treated with CM organic fertilizer. The data on grain total 

carbohydrate content during year 2009 show similar trend as observed in the 2008.  However, in 2009 values for 

grain total carbohydrate content are slightly higher than the values of 2008.  Maximum grain total carbohydrate 

content (752.18 mg g
-1

) was recorded in the plants treated with half dose of CPMR organic fertilizer 

supplemented with half dose of RDF, this value is significantly higher than the control (652.85 mg g
-1

). The 

plants treated with RDF have had 741.46 mg g
-1

 grain total carbohydrate content. The plants treated with CPMR 

exhibited 728.04 mg g
-1

 grain total carbohydrate content.  Among the treatments lowest amount of grain total 

carbohydrate content (688.02 mg g
-1

) was observed in plants treated with CM organic fertilizer. 
 
Table 3.11: Effect of different levels organic fertilizer, recommended dose of chemical fertilizer and combination of organic and chemical 

fertilizers on grain starch content (mg g-1) in rice.  

 
Treatments 

(Per hectare) 

Starch  (mg g-1) 

2008 2009 Pooled 

Mean PIOC 2009 Mean Pooled PIOC 

Control 518.48 0.00 512.92 0.00 515.70 0.00 

RDF (NPK) 

100:50:50 kg 

582.44 12.34 562.42 9.65 572.43 11.00 

CM      4t 532.18 2.64 535.42 4.39 533.80 3.51 

CMR   4t 538.28 3.82 540.48 5.37 539.38 4.59 

PM      4t 542.76 4.68 543.68 6.00 543.22 5.34 

PMR    4t 558.92 7.80 561.04 9.38 559.98 8.59 

CPMR 4t 573.68 10.65 578.58 12.80 576.13 11.72 

CPMR 2t +½ RDF 586.92 13.20 588.26 14.69 587.59 13.94 

CD (0.05) 23.02 - 23.02 - 6.77 - 

CD (0.01) 33.26 - 33.26 - 11.95 - 

 
Table 3.12: Effect of different levels organic fertilizer, recommended dose of chemical fertilizer and combination of organic and chemical 

fertilizers on grain total carbohydrate content (mg g-1) in rice.  

 

Treatments 

(Per hectare) 

Total Carbohydrate (mg g-1) 

2008 2009 Pooled 

Mean PIOC 2009 Mean Pooled PIOC 

Control 651.24 0.00 652.85 0.00 652.05 0.00 

RDF (NPK) 
100:50:50 kg 

736.26 13.06 741.46 13.57 738.86 13.31 

CM      4t 674.02 3.50 688.02 5.39 681.02 4.44 

CMR   4t 694.24 6.60 696.24 6.65 695.24 6.62 

PM      4t 711.38 9.23 706.08 8.15 708.73 8.69 

PMR    4t 714.18 9.66 716.58 9.76 715.38 9.71 

CPMR 4t 725.04 11.33 728.04 11.52 726.54 11.42 

CPMR 2t +½ RDF 740.58 13.72 752.18 15.21 746.38 14.47 

CD (0.05) 22.36 - 20.28 - 6.24 - 

CD (0.01) 32.30 - 29.30 - 11.02 - 

 

 Among the treatments the half dose of CPMR+ RDF, CPMR organic fertilizer and RDF show results at par 

with each other and better than CM, CMR, PM and PMR in both the years and even in pooled means. 

 

3.3.8.4. Seed Protein (mg g 
-1

): 

 The organic fertilizers had significant effect on grain protein. The results pertaining to grain protein content 

are given in table (3.13) from the results it is clear that application of organic fertilizers increased the grain 
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protein significantly in all the treatments over control. Maximum protein in 2008 was noted in plants treated 

with organic fertilizer CPMR+ RDF (398.88 mg g
-1

), it was followed by RDF (391.84 mg g
-1

) and CPMR 

(381.84 mg g
-1

) and minimum of that was for CM organic fertilizer (344.28 mg g
-1

), whereas control plants 

showed 298.24 mg g
-1

 as an average grain protein.   

 However in 2009 the maximum grain protein was observed in application of organic fertilizer CPMR+½ 

RDF (419.46 mg g
-1

), it was followed by CPMR organic fertilizer (394.64 mg g
-1

) and PMR (390.46 mg g
-1

); 

less average grain protein was recorded for CM organic fertilizer (396.28 mg g
-1

), whereas control plants 

showed 304.62 mg g
-1

 as an average grain protein. 

 
Table 3.13: Effect of different levels organic fertilizer, recommended dose of chemical fertilizer and combination of organic and chemical 

fertilizers on rice grain protein content (mg g -1).  

 

Treatments 
(Per hectare) 

Grain Protein (mg g-1) 

2008 2009 Pooled 

Mean PIOC 2009 Mean Pooled PIOC 

Control 298.24 0.00 304.62 0.00 301.43 0.00 

RDF (NPK) 

100:50:50 kg 

391.84 31.38 384.48 26.22 388.16 28.77 

CM      4t 344.28 15.44 369.28 21.23 356.78 18.36 

CMR   4t 353.62 18.57 378.42 24.23 366.02 21.43 

PM      4t 361.26 21.13 381.82 25.34 371.54 23.26 

PMR    4t 372.44 24.88 390.46 28.18 381.45 26.55 

CPMR 4t 381.84 28.03 394.64 29.55 388.24 28.80 

CPMR 2t +½ RDF 398.88 33.74 419.46 37.70 409.17 35.74 

CD (0.05) 10.99 - 17.10 - 15.99 - 

CD (0.01) 15.88 - 24.70 - 28.22 - 

 

 Among the treatments, the half dose of CPMR+ RDF, CPMR organic fertilizer, RDF and PMR show results 

at par with each other and better than CM, CMR, and PM in both the years and even in pooled means. 

 

3.4. Discussion: 

 Fertilizers are all materials that are added to the soil to improve its physical, chemical and biological 

condition. These materials are given to the soil, both in the organic and inorganic forms, with main objective to 

replace the loss of nutrients from the soil and to increase crop production. When farmers and gardeners are 

managing the fertility of their soil, most of the time, they are applying nitrogen, phosphorus and potassium. This 

is because these nutrients are used by plants in greater quantities than any other nutrients. Several other 

nutrients, which are not needed in such great quantities but are just as essential to plant growth. The most 

important of these are calcium, magnesium, sulfur, zinc, copper, iron, boron and molybdenum. Even though 

these nutrients are required in trace quantities, they are still essential to plant growth.  

 The fertilizers added to soil provides macronutrients and micronutrients, which are assimilated by plants 

and utilized for various metabolic activities to synthesize chlorophyll, proteins, carbohydrates and polyphenol 

required for their normal growth and developments. Various micronutrients are needed for catalytic activities of 

enzymes essential for respiration, photosynthesis, flowering, fruit setting and seed filing as well as fight against 

abiotic and biotic stresses.  

 Provision of different types of fertilizer can affect the growth and yield of plants. Artificial chemical 

fertilizers supplies certain nutrients in the form of highly concentrated inorganic compounds and easy to 

dissolve. Giving it repeatedly to plant can endanger the natural soil flora and fauna, bring in soil nutrient 

imbalances, cause water pollution, especially ground water. On the other hand, organic fertilizers supply various 

nutrients, especially in the form of a low concentration of organic compounds that are not easily soluble, so they 

do not cause nutrient imbalances in soil, even they can improve the nutrient balance. The supply of organic 

matter can nourish the life of the soil flora and fauna, which in turn improves and maintain soil productivity. 

However, lower amounts of major nutrients and their slow release from organic fertilizer cause short-term 

deficiencies of these nutrients in crop plants and hence organic fertilizers like cow manure, sheep manure and 

farmyard manure are not influencing, plant growth and productivity up to expected levels. These fertilizers are 

also required in large quantities and hence are not affordable to common farmers.  

 In present investigation, it was planned to study the effect of organic fertilizers alone and in combination 

with chemical fertilizer on leaf and grain biochemical attributes in rice. The organic fertilizers based on cow 

manure (CM, CMR) and poultry manure (PM, PMR) supplemented with rice husk and straw and a composite 

organic fertilizer (CPMR) were given at the dose of 4 t/ha.  A half dose of organic fertilizer CPMR and half 

dose of RDF, RDF alone were also used for fertilization in rice and investigated for leaf, and grains biochemical 

attributes. 

 The results pertaining to flag leaf biochemical parameters like photosynthetic pigments, soluble 

carbohydrates, proteins, and phenols are given in table 3.1 to 3.6.  
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 Photosynthetic pigments, proteins, carbohydrates and phenol content increased in all the plants treated with 

organic fertilizers and chemical fertilizers as compared to the control. The plants treated with CPMR + RDF 

showed maximum content as compared to control and other treatments.  The present investigation indicated that 

rice plants respond better with respect to chlorophyll, protein and carbohydrate content with combination 

treatment of CPMR+NPK compared to NPK and organic fertilizers alone.  

 

3.4.1. Effect on chlorophyll: 

 Photosynthesis is a process, which provides the energy necessary for plant growth and reproduction. 

Among pigments chlorophylls, the green pigments with magnesium at core of heterocyclic protoporphyrin ring, 

represents the principal pigment responsible for light absorption and photosynthesis. Photosynthesis however, is 

a complex process that is sensitive to macronutrients and micronutrients availability.  

 Chlorophyll content increased in all treatments compared to the control. It showed maximum content in 

combination treatment as compared to control and other treatments.  The present investigation indicated that rice 

plants responded better with respect to Chlorophyll content with combination treatment of organic fertilizer 

CPMR + RDF (NPK) compared to NPK and organic fertilizers alone. Amujoyegbe et al. studied the effects of 

inorganic fertilizers (NPK), poultry manure alone, and in combination on the chlorophyll component of maize 

and sorghum; they noted that combination treatment exhibited higher chlorophyll a and b in maize and poultry 

manure alone enhanced those in sorghum. According to them increase in total chlorophyll pigments due to 

addition of chemical fertilizers to poultry manure increased both chlorophyll a and b and thereby increased the 

total chlorophyll.  

 Researchers like Golchin et al., Cheng et al. [11], Berova and Karanastidis, Baldatto et al. and Fernéndez-

Luqueño et al. studied the effect of organic fertilizers on the amount of chlorophyll pigments and rate of 

photosynthesis. These researchers concluded that the application of organic fertilizers can not only enhances the 

synthesis and amount of chlorophylls but also increases the rate of photosynthesis.    

 Similarly, potash application enhances the uptake of N and hence there is an improvement in growth 

characters. Phosphorus helps in early establishment of crop and formation of fibrous and strong root system. 

The strong root system absorbs more nutrients including micronutrients from the soil and finally contributes 

towards rapid plant growth. 

 This suggests that nutrients released by combination treatment were available to synthesize more 

chlorophyll and develop the site of photosynthesis. A promotion effect of organic and inorganic fertilizers on 

chlorophyll contents might be attributed to the fact that N is a constituent of chlorophyll molecule. Moreover, 

nitrogen is the main constituent of all amino acids in proteins and lipids that act as a structural compounds of the 

chloroplast. 

 Regarding to the key role of nutrients, such as nitrogen (protein, enzymes and chlorophyll synthesis), 

potassium (N uptake), phosphorous (strong root system), magnesium and iron (chlorophyll synthesis), zinc, 

manganese (cation-exchange and enzyme activities), calcium and copper (for functioning of iron) and boron (N 

assimilation); these nutrients might have absorbed by plants through fertilizers, which worked in coordination 

and contributed in chlorophyll structure and synthesis. And this could be the reason  for  more chlorophyll in 

plants treated  with half dose of CPMR and RDF, where RDF might have supplied NPK  during early growth  

and CPMR might have  supplied  micronutrients  essential  for  synthesis and  increasing leaf chlorophyll 

pigments.  
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