American Journal of Plant Sciences, 2013, 4, 1151-1157 ‘o::‘ Scientific
http://dx.doi.org/10.4236/ajps.2013.45141 Published Online May 2013 (http://www.scirp.org/journal/ajps) #%% Research

Influence of Organic Manures on Yield and Quality of Rice
(Oryza sativa L.) and Blackgram (Vigna mungo L.) in
Rice-Blackgram Cropping Sequence

S. P. Sangeetha’, A. Balakrishnan, P. Devasenapathy

Department of Agronomy, Tamil Nadu Agricultural University, Coimbatore, India.
Email: “sangeetha.agr@gmail.com

Received March 12", 2013; revised April 15" 2013; accepted May 1%, 2013

Copyright © 2013 S. P. Sangeetha et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

ABSTRACT

Field experiments were conducted at Tamil Nadu Agricultural University, Coimbatore during rabi and summer seasons
of 2007-2008 and 2008-2009 to study the influence of organic manures (enriched farmyard manure compost, ver-
micompost, farmyard manure + neem cake, enriched farmyard manure compost + vermicompost + farmyard manure,
composted poultry manure and enriched poultry manure compost) and recommended NPK fertilizers on yield and
quality of rice and blackgram in rice-blackgram cropping sequence. Based on field experiments, it was found that the
application of enriched poultry manure compost on equal N basis (2.3 t-ha™") recorded higher yield attributes and grain
yield of rice (4675 kg-ha ' in 2007 and 4953 kg-ha™' in 2008), which was however comparable with composted poultry
manure. The application of recommended NPK fertilizers recorded higher physical characteristics and cooking qualities
of rice, which was comparable with enriched poultry manure compost. Higher sensory score was registered in enriched
poultry manure compost as compared to recommended NPK through fertilizers. After harvesting of rice, the residual
effect of enriched poultry manure compost and composted poultry manure applied to preceding rice crop improved yield
attributes and yield of succeeding blackgram.
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1. Introduction workers in non-chemical sources of plant nutrients like
biofertilizers, farmyard manure, green manure, composts
etc. Awareness about crop quality and soil health in-
creased the attention of people towards organic farming
[1]. Balanced use of nutrients through organic sources
like farmyard manure, vermicompost, green manuring,
neem cake and biofertilizers are prerequisites to sustain
soil fertility, to produce maximum crop yield with opti-
mum input level [2]. The organic manures leave behind
sufficient residual effect for the sequence crops [3]. In
view of the above facts, field experiment on “Influence
of organic manures on yield and quality of rice and black-
gram in rice-blackgram cropping sequence” was con-
ducted with the following objectives.

1) To study the influence of different sources of or-
ganic manures on yield of rice and their residual effect
on succeeding blackgram;

2) To know the effect of organic manuring on quality
"Corresponding author. of rice grain.

Rice (Oryza sativa L.) is the most important and exten-
sively cultivated food crop, which provides half the daily
food for one of every three persons on the earth. In Asia
alone, more than two billion people obtain 60 to 70 per
cent of their energy intake from rice and its derivatives.
Rice-rice-pulse (Greengram/Blackgram) is the predomi-
nant cropping system of major rice growing areas of
Tamil Nadu. The cropping sequence of rice-pulse is
practically feasible, viable, economical, eco-friendly,
water saving technology for sustaining soil fertility and
rice productivity. Increased use of inorganic fertilizers in
crop production deteriorates soil health, causes health
hazard and insecurity of quality food. Energy crisis,
higher fertilizer cost, sustainability in agri-production
system and ecological stability are the important issues
which renewed the interest of farmers and research

Copyright © 2013 SciRes. AJPS


mailto:*sangeetha.agr@gmail.com
mailto:*sangeetha.agr@gmail.com

1152 Influence of Organic Manures on Yield and Quality of Rice (Oryza sativa L.) and Blackgram
(Vigna mungo L.) in Rice-Blackgram Cropping Sequence

2. Materials and Methods

2.1. Experimental Site and Initial Soil
Characteristics

Field experiments were conducted during rabi and sum-
mer seasons of 2007-2008 and 2008-2009 at wetland,
Tamil Nadu Agricultural University, Coimbatore located
at Western Agro-climatic Zone of Tamil Nadu at 11°
North latitude and 77° East longitude with an altitude of
426.7 m above MSL (Figure 1). The soil of the experi-
mental field was clay loam in texture having a slightly
alkaline pH of 8.1 with low soluble salts (EC = 0.45
dS'm™"), medium organic carbon content (0.52 per cent),
low in available nitrogen (262 kg-ha "), medium in avail-
able phosphorus (18.2 kg-ha™') and high in available po-

Tamil Nadu

Dharmapur

tassium (576 kg-ha™).

2.2. Experimental Design, Treatment Details and
Selection of Cultivar

The field experiment was laid out in randomized block
design with three replications. The experiment consisted
of eight treatments viz., enriched farmyard manure com-
post, vermicompost, farmyard manure + neem cake (1/2
+ 1/2), enriched farmyard manure compost + vermicom-
post + farmyard manure (1/3 + 1/3 + 1/3), composted
poultry manure, enriched poultry manure compost, rec-
ommended NPK fertilizer and absolute control (without
organic and inorganic). Based on the equal N basis, re-
quired quantities of organic manures were incorporated
in the soil two weeks before transplanting of rice. In
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Figure 1. Field Location.
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recommended NPK fertilizer treatment, recommended
doses of 75:50:50 kg-ha ' of N, P and K in the form of
urea (46% N), single super phosphate (16% P205) and
muriate of potash (60% K20) were applied to the rice
crop. The N was applied in four equal splits at basal, ac-
tive tillering, panicle initiation and flowering stages. The
entire dose of P and K was applied basally before sowing.
The consumer preference rice variety, improved white
ponni was raised. Transplanting was done in the main
field with a spacing of 20 x 10 cm at two seedlings hill .
After harvesting of rice, the residual crop of blackgram
T9 variety was sown in the same plots with a spacing of
30 x 10 cm. No organic manures and inorganic fertilizer
was applied to the black gram. Other management prac-
tices were adopted as per recommendation of the crops.

2.3. Enriched Organic Manure Preparation

The enriched farmyard manure compost was prepared by
using 10 kg of rock phosphate and 10 kg of each biofer-
tilizers viz., Azospirillum, Azotobacter and Phosphobac-
teria were thoroughly mixed with 1000 kg of decom-
posed and powdered farmyard manure on dry weight
basis and made into a heap like structure. The heap was
kept for 60 days for composting under the shade with
60% moisture. For enriched poultry manure compost, 20
kg of rock phosphate and 10 kg of each biofertilizers viz.,
Azospirillum, Azotobacter and Phosphobacteria were
thoroughly mixed with 1000 kg of poultry manure on dry
weight basis and made into a heap like structure. The
heap was kept for 60 days for composting under the
shade with 60% moisture [4]. The manurial value of or-
ganic manures was analysed and quantity required for the
experiment was worked out based on equal N basis (Ta-
ble 1).

2.4. Biometric and Yield Observations

Five plants in each plot were selected at random and
tagged. These plants were used for recording biometric
observation at different stages of crop growth. The har-
vested produce from each net plot was threshed, sun
dried, winnowed separately and the grain yield was re-
corded at 14 per cent moisture content and expressed in
kg-ha™'. The straw yield of rice was recorded from the

net plot area after enough sun drying and expressed in
kg-ha™.

2.5. Rice grain Quality Analysis

The rough rice (paddy) was cleaned, dried to 12 to 14 per
cent moisture and dehulled with a McGill laboratory
sheller. After hulling, the brown rice was milled and pol-
ished in a Kett polisher for a standard time to find out the
milling percentage and head rice recovery.

Copyright © 2013 SciRes.

Table 1. Nitrogen content of organic manures on dry weight
basis.

Quantity added to substitute
100% recommended N for
rice (75 kg-ha™)

Nitrogen

Organic manures content (%)

2007 2008 2007 2008
Farmyard manure 0.60  0.50 12500 15000
Enriched farmyard manure 141 132 5319 5682
compost
Vermicompost 1.91 1.74 3927 4310
Composted poultry manure  2.27  2.23 3304 3363
Enriched poultry manure 320 322 2344 2329
compost
Neem cake 420 3.80 1786 1974

Milling recovery (%) = _owaimilledrice o,
Total rough rice

. Total head ri
Head rice recovery (%) = M x 100
Total rough rice

Broken rice percentage is defined as the percentage of
broken rice to the weight of total quantity of rice ob-
tained by shelling.

Broken rice (%) = [W2 (W1+W2)] x 100

where, W1: Weight of whole rice in the sample (g); W2:
Weight of broken rice in the sample (g).

The rice grain length was estimated by ten rice grains
of uniform size were kept length-wise on a graph paper
and the mean length was measured and expressed in mm.
The rice grain breadth was estimated ten rice grains of
uniform size were kept breadth-wise on a graph paper
and the mean breadth was measured and expressed in
mm. The volume expansion ratio is the ratio between the
cooked volume to the uncooked. Five gram of rice was
added in a boiling test tube and the level was marked. It
was cooked by adding water and the level of rice was
also marked. The volume was measured by using water
displacement method. The water absorption ratio is the
ratio between the weight of the cooked rice to the un-
cooked [5]. Ten normal milled grains are presoaked to 10
- 30 minutes and placed directly into boiling water either
by direct dropping or in a wire cage or basket until its
optimum cooking time. The length and breadth of cooked
rice are measured and the length breadth ratio after cook-
ing (LBAC) was worked out.

LBAC = Kernel length after cooking

Kernel breadth after cooking

Plain cooked rice was evaluated by a trained panel of
judges for their sensory attributes consisting of colour,
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texture, taste and overall acceptability using a score card
with nine point Hedonic scale [6].

2.6. Statistical Analysis

The data on various characters studied during the course of
investigation were statistically analysed [7] for random-
ized block design. Wherever treatment differences were
significant (“F” test), critical differences were worked out
at five per cent probability level. Treatment differences
that were not significant were denoted as “NS”.

3. Results and Discussion
3.1. Influence of Organic Manures on Rice

During both the years of field trial, yield attributing
char- acters viz., productive tillers m >, filled spikelets
panicle- 1 and grain and straw yield of rice were influ-
enced sig- nificantly by the application of organic ma-
nures and recommended NPK through fertilizer (Table
2). Appli- cation of enriched poultry manure compost
recorded in- creased number of productive tillers m>
and filled spi- kelets panicle”' and it was comparable
with composted poultry manure. These were followed
by recommended NPK fertilizer. The enriched poultry
manure compost increased productive tillers (35.8 and
36.3 per cent) and filled spikelets panicle™’ (54.6 and
65.6 per cent) than absolute control during rabi 2007
and 2008, respectively. This might be due to higher
concentration of macro and micronutrients in the en-
riched poultry manure compost and composted poultry
manure and higher and steady nutrient release compared
to other organic manures. Fur- ther, the poultry waste
had both urinary and fecal excretion, hence the fertilizer
value was nearly three times higher than farmyard ma-
nure [8]. The enhanced and con- tinuous supply of nu-
trients by the enriched organics lead to better tiller pro-
duction and filled grain of rice [9].

The application of enriched poultry manure compost
recorded higher grain yield (4675 and 4953 kg-ha ' in
2007 and 2008, respectively), which was found to be on
par with composted poultry manure. These were fol-
lowed by recommended NPK fertilizer, which was how-
ever comparable with composted poultry manure in both
the years. Lower grain yield was recorded in absolute
control during both the years. The supremacy of enriched
poultry manure compost lies in the fact that it can supply
the nutrients in soluble form for a quite longer period by
not allowing the entire soluble form into solution, to
come in contact with soil and other inorganic constitu-
ents, thereby minimizing fixation and precipitation from
the enriched manures, the plant roots can very well com-
pete with loss mechanisms and absorb more nutrients
leading to better yield [9].

3.2. Residual Effects of Organic Manures on
Blackgram

The yield attributes (number of cluster plant™', number of
pods plant”' and number of seeds pod™'), grain and
haulm yields of blackgram was markedly increased due
to the residual effect of application of organic manures to
preceding rice crop than recommended NPK fertilizer
and absolute control (Table 3). Grain yield was higher
(507 kg-ha™' during summer 2008 and 514 kg-ha™' dur-
ing summer 2009) in the residual effect of enriched poul-
try manure compost and which was comparable with
composted poultry manure and farmyard manure + neem
cake. The enriched poultry manure compost increased
grain yield by 42.8 per cent during summer 2008 and
47.7 per cent during summer 2009 over absolute control.
The superiority of residual effect of enriched poultry
manure compost and composted poultry manure was at-
tributed to its slow decomposition, which probably re-
leased the nutrients slowly as compared to other organic
materials [10].

Table 2. Yield attributes and yield of rice as influenced by organic manures and fertilizers.

Productive tillers Filled spikelets Grain yield Straw yield
Treatments (No.m™) panicle™ (kg-ha™) (kg-ha™)
2007 2008 2007 2008 2007 2008 2007 2008
T,: Enriched FYM compost 252 257 90.1 92.3 3250 3460 4652 4702
T,: Vermicompost (VC) 271 277 932 95.6 3667 3923 5175 5335
Ts: FYM + Neem cake 285 293 100.5 104.2 4012 4297 5731 5843
T,: Enriched FYM compost + VC + FYM 265 273 93.1 95.4 3576 3807 5085 5188
Ts: Composted poultry manure 308 314 108.5 112.4 4482 4784 6310 6556
Te: Enriched poultry manure compost 312 319 111.3 115.9 4675 4953 6568 6725
T;: Recommended NPK fertilizers 299 302 104.9 109.5 4340 4538 6012 6223
Ts: Absolute control 228 234 73.1 80.2 2550 2635 3983 4089
SEd 5.7 7.3 2.86 2.89 149.6 155.6 197.8 223.1
CD (p=10.05) 12.1 15.7 6.14 6.19 320.8 333.7 4242 478.5
FYM: Farmyard manure
Copyright © 2013 SciRes. AJPS
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Table 3. Residual effect of organic manures and fertilizers on yield attributes and yields of succeeding blackgram.

No. of cluster No. of pods No. of seeds Grain yield Haulm yield
Treatments plant™ plant™ pod™ (kg-ha™) (kg-ha™)
2008 2009 2008 2009 2008 2009 2008 2009 2008 2009
T,: Enriched FYM compost 6.2 6.4 11.21 12.44 6.85 6.88 443 463 2275 2312
T,: Vermicompost (VC) 6.0 6.2 10.45 11.50 6.80 6.82 428 435 2160 2240
T5: FYM + Neem cake 7.3 7.6 13.85 14.12 7.32 7.53 476 492 2454 2498
T4: Enriched FYM compost + VC + FYM 6.3 6.4 11.85 11.70 6.92 6.91 427 447 2282 2355
Ts: Composted poultry manure 7.7 7.5 14.24 14.98 7.42 7.85 485 502 2502 2538
Ts: Enriched poultry manure compost 7.8 7.7 15.13 16.07 7.56 7.92 507 514 2598 2617
T;: Recommended NPK fertilizers 6.0 5.8 10.22 10.80 6.73 6.75 410 416 2187 2198
Ts: Absolute control 4.0 4.0 7.03 7.80 6.02 6.07 355 348 1846 1854
SEd 0.25 022  0.559 0.721 0.288  0.306 14.8 19.0 95.7 112.1
CD (p=0.05) 0.53 0.47 1.198 1.546  0.618 0.656  31.8 40.8 205.4 240.4
FYM: Farmyard manure
Table 4. Milling characteristics of paddy and physical characteristics of raw rice grain.
Milling recovery Head rice Broken rice Grain length Grain breadth
Treatments (%) recovery (%) (%) (mm) (mm)
2007 2008 2007 2008 2007 2008 2007 2008 2007 2008
T,: Enriched FYM compost 64.8 65.0 60.6 60.8 39.4 39.2 5.60 5.62 1.95 1.96
T,: Vermicompost (VC) 65.0 65.2 61.4 62.0 38.6 38.0 5.58 5.50 1.93 1.94
T3: FYM + Neem cake 65.3 66.0 62.0 62.4 38.0 37.6 5.62 5.62 1.95 1.96
T4: Enriched FYM compost + VC + FYM 66.2 66.2 62.3 62.8 37.7 37.2 5.53 5.60 1.94 1.95
Ts: Composted poultry manure 66.5 67.4 63.5 64.0 36.5 36.0 5.68 5.65 1.99 1.98
Ts: Enriched poultry manure compost 67.3 67.6 63.8 64.5 36.2 35.5 5.67 5.68 2.02 2.00
T;: Recommended NPK fertilizers 67.8 68.6 64.5 65.2 355 34.8 5.72 5.70 2.04 2.02
Ts: Absolute control 61.9 60.8 58.7 57.5 413 425 5.43 5.42 1.88 1.90
SEd 0.64 0.59 0.92 0.94 0.55 0.67 0.054  0.046  0.026 0.022
CD (p=0.05) 1.37 1.27 1.98 2.01 1.18 1.43 0.115  0.099  0.057  0.046
FYM: Farmyard manure
Table 5. Effect of organic manures on cooking qualities of milled rice (open cooked).
Volume expansion ratio Water absorption ratio LBAC
Treatments
2007 2008 2007 2008 2007 2008
T: Enriched FYM compost 2.63 2.65 4.18 4.20 4.18 4.04
T,: Vermicompost (VC) 2.56 2.54 4.15 4.17 4.08 4.07
Ts: FYM + Neem cake 2.72 2.78 4.18 4.22 4.09 4.07
T4: Enriched FYM compost + VC + FYM 2.67 2.82 4.17 4.20 4.07 4.05
Ts: Composted poultry manure 2.86 2.97 4.30 4.28 4.10 4.07
Ts: Enriched poultry manure compost 2.85 3.00 433 4.27 4.12 4.06
T7: Recommended NPK fertilizers 297 3.08 4.30 4.28 4.06 4.01
Ts: Absolute control 2.50 2.47 4.13 4.15 4.09 3.97
SEd 0.056 0.057 0.018 0.017 0.016 0.017
CD (p=0.05) 0.120 0.123 0.039 0.037 0.345 0.037
FYM: Farmyard manure; LBAC-Length Breadth ratio After Cooking
Copyright © 2013 SciRes. AJPS
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Table 6. Mean scores for selected sensory characteristics of cooked rice (open cooked).

Colour Texture Taste Overall acceptability
Treatments
2007 2008 2007 2008 2007 2008 2007 2008
T, : Enriched FYM compost 8.0 8.0 7.6 7.8 7.8 8.4 8.2 8.0
T, : Vermicompost (VC) 7.8 7.8 7.2 7.6 8.2 8.0 8.0 8.2
T; : FYM + Neem cake 8.0 8.2 8.0 7.8 8.0 8.0 8.2 8.4
T4 : Enriched FYM compost + VC + FYM 7.8 8.0 8.0 7.8 8.0 7.8 8.0 8.2
Ts : Composted poultry manure 8.4 8.2 8.0 8.0 8.4 8.2 8.4 8.6
Ts : Enriched poultry manure compost 8.4 8.4 8.2 8.2 8.6 8.4 8.6 8.6
T; : Recommended NPK fertilizers 7.8 7.8 7.6 7.2 8.0 7.8 8.0 8.0
Tg : Absolute control 8.2 8.0 8.0 7.8 8.2 8.0 8.0 8.2

Hedonic 9 point scale: 1, Dislike extremely; 2, Dislike very much; 3, Dislike moderately; 4, Dislike slightly; 5, Neither like nor dislike; 6, Like slightly; 7, Like

moderately; 8, Like very much; 9, Like extremely. Data not statistically analysed.

3.3. Influence of Organic Manures on Rice
Quality

3.3.1. Milling and Physical Characteristics
of Paddy and Raw Rice Grain

The recommended NPK fertilizer recorded higher mill-
ing recovery, head rice per cent and lower broken per-
centage of rice and which was comparable with enriched
poultry manure compost and composted poultry manure.
The absolute control had shown lower milling recovery,
head rice percentage and higher broken rice percentage
(Table 4). This might be due to better amenability for
shelling, good grain size and less number of chalky
grains was observed under recommended NPK fertilizer
application. Though N was supplied on equivalent N ba-
sis, the enriched poultry manure compost contains more
P, K and micronutrients which might have helped to re-
duce broken percentage and in turn increased head rice
recovery. Grain length and breadth were maximum in
recommended NPK fertilizer and it was on par with en-
riched poultry manure compost, composted poultry ma-
nure and farmyard manure + neem cake. Application of
poultry manure resulted to better physical characteristics
of grain [11].

3.3.2. Cooking Qualities of Milled Rice

The recommended NPK fertilizer and enriched poultry
manure compost had higher volume expansion ratio and
improved water absorption ratio. Bold rice grain was
observed in these treatments might be the reason for the
higher volume expansion and water absorption ratio [12].
The increased length breadth ratio after cooking was ob-
served in enriched farmyard manure compost and com-
posted poultry manure, vermicompost and farmyard ma-
nure + neem cake (Table 5). This character is considered
as desirable trait in high quality rice. The application of
organic manures gave a higher L: B ratio of rice after

Copyright © 2013 SciRes.

cooking than with inorganic fertilizer [13]. The lesser
LBAC was registered in recommended NPK fertilizer
and absolute control.

3.3.3. Sensory Characteristics of Cooked rice

The enriched poultry manure compost registered higher
colour, texture, taste and overall acceptability score as
compared to recommended NPK fertilizer (Table 6). Si-
milarly, the quality characteristics of rice were improved
with application of poultry manure [14]. The eating qual-
ity of rice was higher under organic farming than con-
ventional farming and improved organoleptic properties
was observed in organically produced food [15].

From the present investigation, it could be concluded
that the application of enriched poultry manure compost
on equal N basis (2.3 t-ha ') recorded higher yield attrib-
utes and grain yield of rice, which was however compa-
rable with composted poultry manure. The residual effect
of enriched poultry manure compost and composted
poultry manure applied to preceding rice crop improved
yield attributes and yield of succeeding blackgram. Im-
proved rice grain quality, in terms of chemical composi-
tion, cooking quality and high score of sensory evalua-
tion was achieved under organic manures application.
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