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ABSTRACT

Field experiments were conducted from 2003-04 to 2004-05 at Malipungar watershed, Koraput, Orissa to
evaluate integrated nutrient management (INM) options involving Gliricidia/ Farm yard manure (FYM) ,
chemical fertilizers and bio-fertilizers for their effect on performance of upland rice and soil properties. It was
observed that growth, yield and net returns from Gliricidia amended plots were better than the FYM amended
plots. Soil moisture, bulk density, soil pH, organic carbon and P in Glricidia and FYM amended plots were at
par. However, residual N and K contents were significantly higher in plots amended with Gliricidia green leaf
manure. Combined use of 50% recommended dose of fertilizers, Gliricidia @ 2.5 t ha' and biofertilizers
(Azotobactor and phosphate solubilising bacteria) with highest grain yield (2.01 t ha), net returns (Rs.4791
ha! and B:C ratio (1.6) was the best INM option. Moreover, soil moisture content, and available N, P and K
status of soil recorded from plots having this treatment were also significantly higher than those with 100%

Recommended dose of fertilizer.
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Overal productivity of rice (2.93t ha') inIndiaislow
chiefly due to very low productivity of rainfed rice
accounting for 55% of total riceareaand rainfed upland
rice (1t ha') having 6.0 m ha area (Chandrasekaran
etal., 2008 and Anon., 2006) Uplandriceisextensively
grown in eastern ghats of Orissa under rainfed
conditions. This region having sub-tropical climate
receives abundant rainfall, but low soil fertility and
imbalanced supply of nutrientsresultinvery low yield
of upland rice. Adequate and balanced supply of
nutrients could be the solution for this problem.
However, supply of nutrientsto cropsthrough chemical
fertilizers alone can not be advocated as these are
scarce and costly, and if used persistently, prove
detrimental to environment and soil properties. Onthe
strongly weathered and poorly buffered soils of tropics,
continuous use of chemical fertilizers as main source
of nutrientsled to asignificant declinein cereal crops
yield after only few years of cropping because of soil
acidification and compaction (Kang and Juo, 1986). This

necessitates the devising of sustainable soil nutrient—
enhancing strategiesthat involve the combined use and
management of inorganic and organic nutrient sources
in ecologically sound production systems (Janssen,
1993). Whileinorganic fertilizers supply their nutrients
immediately tothe plants, the organics, such asfarmyard
manure (FYM) and green manures, improve the
physical properties of soil by lowering bulk density,
increasing water holding capacity, and improving
infiltration rates (Tester, 1990 and Werner, 1997).

FYM, the principal amendment used for
fertilizing soil, isinadequate and very poor in quality.
Low rate of mineralization and even immobilization of
nitrogen, can take place after its use, particularly in
years when low rainfall limits soil moisture and
decomposition. Green leaf manures can be reliable
alternate source of nutrients. One plant species that
has received attention as green-leaf manure is the
leguminous tree Gliricidia sepium. It produces large
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amount of easily decomposable and high quality
prunings. In eastern ghats of Orissa, it growsvigorously
and is localy known as Khata gachho. Its leaves are
richin plant nutrients (2.25% N, 0.28% P,O, and 4.6%
K,0). In addition to green manure, use of micro-
organisms that fix atmospheric nitrogen and secrete
phytohormones to increase organic matter in soil also
seemsto increaseavailability of other nutrients (Pareek
et al., 1996). However, use of manures or chemical
fertilizersor bio-fertilizersinisolation may not sustain
highlevel of crop productivity, but their integrated use
may do. Hence, the present investigation was carried
out with the objectivesto compare the performance of
Gliricidia green-leaf manurewith FYM inimproving
crop yield and soil properties and also to find out the
most rewarding, intermsof yield, income and soil health,
INM option for rainfed upland rice.

MATERIALS AND METHODS

An experiment was conducted for two consecutive
years during 2003-04 to 2004-05 with upland rice cv
Khandagiri in farmer’s field under Malipungar
watershed in the hilly belt of Orissa. The watershed
areaislocated at an altitude range of 850-1120 m above
mean sealevel. Soil wasared lateritic sandy loam (sand
60.4%, silt 21.5% and clay 19.1%). Organic carbon,
available N, available P and available K in the soil
averaged over the entire areawas 0.32%, 201.5 kg ha
1,17.4 kg hatand 314.5 kg ha?, respectively, with pH
6.3. Permeability and electrical conductivity was 2.7
cmhr 1and 64.4 uScn?, respectively. Thebulk density
was 1.57 g cc. During the crop season, rainfall of 794
mm (average of two years) occurred in 49 rainy days.
August received the highest amount of rainfall followed
by July. Mean maximum and mean minimum
temperature were 26.6 and 19.2 °C, respectively.
Average bright sunshine period was 3.43 hours day .

The experiment, comprising of 7 treatments
(Tablel), was set inarandomized completeblock design
with threereplications. Each experimental unit had 100
sgm area (10m x 10m). A 1m strip on the borders of
each plot was earmarked for randomly taking sample-
plantsfor dry matter accumulation and dry root weight.
Yield was taken from inner 8m x 8m area (net plot).
Farmyard manure, Gliricidia biomass and the bacterial
inoculantswereincorporated into the soil 15 dayshbefore
sowing. Crop was sown in the first week of July in
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both the years, at a spacing of 20cm (row to row). A
seed rate of 100 kg ha?! was used. Fertilizers were
added as per the treatments. Remaining cultural
operations, i.e., field preparation, weeding and hoeing
were done as per farmers’ practices.

Dataon plant height, tillersplant™® and panicle
length were recorded at maturity and leaf areaindex,
dry-matter accumulation and dry root weight at
flowering stage. Yield attributeslike number of grains
plant! and 1000-grain weight were measured at
harvest. For determining root dry matter, four
consecutive plants plot* were uprooted along with soil
up to 30cm depth. Root portion was cleaned with water
and separated from the plant. The roots were dried in
an oven at 70°C until constant weight was obtained.
Economic parametersviz., net returns and benefit cost
ratio for all the treatments were worked out on the
basis of prevailing market prices of inputs and outputs.
Soil moisture content wasrecorded at tillering, flowering
and physiol ogical maturity stagesat 0-15cm and 15-30
cm depths using gravitation method.

After completion of two years of
experimentation, composite soil sampleswere collected
from the surface soil (0-15 cm) and analyzed. Bulk
density was estimated by the core method, organic
carbon by wet digestion method (Walkley and Black,
1934), available N by Alkaline KMnO, method
(Subbiah and Asija, 1956) and available P by Bray and
Kurtz - | method (Bray and Kurtz, 1945). Data were
subjected to analysis of variance for a randomized
complete block design as described by Gomez and
Gomez (1984).

RESULTS AND DISCUSSION

Growth parameters like plant height, effectivetillers,
leaf area index (LAI), dry matter accumulation and
root dry weight, were significantly affected by the
treatments (Table 2). Application of 50%
recommended dose of fertilizers (RDF) + Gliricidia
@ 2.5t ha® + Azotobactor and phosphate solubiliing
bacteria (PSB) @ 2.5 kg ha' each, produced tallest
plants (53.5cm) with the highest number of tillers plant
1(4.2), LAl (3.32), dry matter accumulation (8.91g hill-
1) and dry root weight (2.89 g hill). This treatment
was significantly better than farmers’ practice involving
FYM 2.0t ha! + urea and DAP 25 kg ha? each and
the use of Azotobactor and phosphate solubilising
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INM in upland rice

Tablel. Treatment detailsand amount of nutrient added

Anchal Dass et al

Treatments Nutrient content (kg hat)

N P K Total
Farmers’ practice (FP: FYM 2.0 t ha* + Urea 25K g ha* + DAP 25 kg ha?) 26.8 16.9 125 56.2
Farmer's pratice+ Phosphate solubilizing bacteria @ 2.5 kg ha* +Azotobactor @2.5 kg ha* 418 309 125 85.2
Farmer's pratice +Gliricidia @ 5t ha 153.5 445 235 433.0
Farmer's pratice+Farm yard manure @ 5t ha 53.8 4.4 30.0 128.2

Recomended dose fertilizer (40-20-20 N:P:K)

50 % RDF+ FYM @2.5t ha! +PSB @2.5 kg ha + Azotobactor @2.5 kg hat 485 30.8 255
50 % RDF+ Gliricidia @2.5t ha' +PSB@2.5 kg ha® + Azotobactor.@2.5 kg ha

40.0 20.0 20.0 80.0
104.8
247.3

91.25 310 125.0

Note: N fixed by Azotobactor is 15 kg ha' (Sharma, 2002), Amount of P solubilized by PSB is 14 kg ha?! (Balasuberananiyan and

Palaniappan, 2001). Nutrient content of GliricidiasepiumisN 2.25%

0.27% P,0, and 0.62% K ,0

P,0O, 0.28% and K,0 4.60% . Whereas, FY M contains 0.54%, N,
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Table2. Effect of integrated nutrient management on growth parameter sof upland rice (aver ageof 2 years)

Treatments Plant Effective Leafarea Dry matter Root dry
height tillers index accumulation/  matter
(cm) plant? plant (g hill'Y)  (ghill%)

Farmers’ practice (FP: FYM 2.0 t ha* + Urea 25K g ha* 44.47 22 251 3.87 142

+ DAP 25 kg ha?)

FP+ PSB @ 2.5 kg ha* +Azotobactor @2.5 kg ha 46.67 25 2.71 5.62 1.93

FP +Gliricidia @ 5t ha* 50.13 3.8 294 6.46 2.58

FP+FYM @ 5 t hat 49.07 36 292 6.44 2.49

RDF (40-20-20 N:P:K) 5260 35 311 7.71 2.46

50 % RDF+ FYM @2.5t ha! +PSB @2.5 kg ha? 49.13 41 3.23 7.74 2.76

+ Azotobactor @2.5 kg ha

50 % RDF+ Gliricidia @2.5t ha' +PSB@2.5 kg ha* 5350 4.2 3.33 891 2.89

+ Azotobactor.@2.5 kg ha!

CD (P=0.05) 3.39 1.15 0.20 0.64 0.23

bacteria (PSB) 2.5 kg ha! each alongwith farmer’s
practicefor all the growth parameters; application of 5
t ha! Gliricidiaor FYM alongwith farmers’ practice,
for plant height, LAl and dry matter accumulation;
and recommended dose of fertilizers (RDF: 40-20-20
N:P:K) for LAI, dry matter accumulation and dry root
weight. Most of the growth parameters resulted from
supply of 2.5t ha' Gliricidiaor FYM in addition to 50
% RDF and bio-fertilizers were similar. Use of RDF
produced healthier plants than farmers’ practice and
the treatments wherein farmers practice was
supplemented with bio-fertilizers or higher amount of
Gliricidia or FYM. Overall, the use of Gliricidia
alongwith either farmers’ practice or with chemical
fertilizers and bio-fertilizers resulted in remarkable
improvement in growth parameters of upland rice over
FYM. (Table 2). Thiscould be dueto very high amount
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of nutrients (Table 1) and fast decomposition of
Gliricidialeavesresulting in early release of nutrients
into the soil. Gliricidialeaves decompose twice asfast
as cattle FYM and N release is more synchronized
with plant demand (Munduset al., 2008); 86% of itsN
isreleased before day 42 of itsincorporation into soil
(Lehmann et al., 1995).

Longest panicles (14.33cm) with the highest
number of grains (47.3) and panicle weight (1.23 g)
were produced by the combined application of 50%
RDF, 2.5t ha' Gliricidia and bio-fertilizers (Table 3).
However, paniclelength did not vary significantly with
the use of higher amount of Gliricidia or FYM over
and above framers’ practice, RDF and integrated use
of lower amount of Gliricidia or FYM and the half
dose of chemical fertilizersand bio-fertilizers. Number
of grains and grain weight per panicle resulted from
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Table 3. Effect of INM onyield attributes, yield and economicsof upland ricecv. Khandagiri 2003-2005

Treatments Panicle No. of filled Panicle Yield (t hat) Harvest  Net B:C
length grainspanicle® weight(g) ———— index returns  ratio
(cm) Grain Straw (%) (Rs.ha?)

Farmers’ practice (FYM 2.0 t ha'l) 11.33  36.7 0.86 119 155 43 591 1.08

+ Urea 25K g ha'+ DAP 25 kg ha?)

FP+ PSB @ 2.5 kg ha® +Azotobactor 13.20 40.3 1.03 136 176 43 866 111

@2.5kg hat

FP +Gliricidia @ 5t ha* 13.80 415 1.10 178 230 44 3595 144

FP+FYM @ 5 t ha? 13.47 405 1.06 173 227 43 944 1.09

RDF (40-20-20 N:P:K) 13.67 46.8 122 199 266 43 4782 157

50 % RDF+ FYM @2.5t ha' +PSB 1407 446 1.20 188 274 41 3986 1.46

@2.5 kg ha'+ Azotobactor @2.5 kg ha

50 % RDF+ Gliricidia @2.5t ha? 1433 473 123 201 288 51 4791 155

+PSB@2.5 kg ha'+ Azotobactor. @2.5 kg hat

CD(P=0.05) 1.10 4.86 0.08 0.138 0.203 NS 1056 0.15

Note: Sale price of grains: Rs. 530/q Straw: Rs100/q

RDF, 50% RDF + FYM @ 2.5 t ha'+ biofertilizers
and 50% RDF + Gliricidia @ 2.5t ha'+ biofertilizers
were statistically at par. Plants receiving farmers’
practice and farmers’ practice supplemented with bio-
fertilizershad significantly lower number of grainsand
grainweight panicle? than RDF and integration of lower
dose of Gliricidia/ FYM with half dose of fertilizers,
and bio-fertilizers. Overall higher values of yield
attributes of plants supplied with 50% RDF +2.5t ha!
Gliricidia + bio-fertilizers (2.5 kg ha?) could be
inferred from higher availability of nutrients from
chemical fertilizers, early decomposition of Gliricidia,
mobilization of N and solubilization of P by PSB, in
additionto other benefitslike aggregation of sail, thereby,
facilitating higher infiltration and retention of rainwater
in the soil profile. Plots amended with Gliricidia
depicted slightly higher values of yield attributes over
those amended with FY M. Thisisascribed to the higher
nutrient contentsand their early releasefromGliricidia
as compared to FYM.

Better growth and yield attributes accrued from
the use of 50 % RDF + Gliricidia @ 2.5t ha?) +
Azotobactor @ 2.5 kg ha! + PSB @ 2.5 kg hat
resulted inthehighest grain (2.01t ha') and straw (2.88
t ha?) yield of upland rice (Table 3) which was,
however, statistically at par with 100% RDF, but
significantly higher thanall other treatments. Thiscould
be due to the combined effect of nutrient supply,
synergism and improvement in physical and biological
properties of soil (Sarwad et al., 2005). Net returns

and B: C ratio obtained from these two treatmentswas
amost equal. Application of FYM @ 2.5t ha' along
with 50% RDF and bio-fertilizers was the third best
treatment. Application of Gliricidia leaves and twigs
(rich in nutrients and easy to decompose) as organic
amendment was superior to FYM in terms of grain
and straw yield of uplandrice. Higher riceyield with
green manuring over FYM has also been reported by
Singh et al., 2008. Similarly, Turkhede et al. (1996)
reported that incorporation of Gliricidialeavesat 5t
ha! significantly increased grain yield of rice over no
green leaf manure. Net returnsand B:C ratio recorded
from Gliricida biomass treated plots was far higher
than that of FY M treated plots dueto relatively higher
procurement cost of the latter.

Gravimetric soil moisture content recorded at
three different stages of rice crop and at two depths of
surface soil was significantly affected by treatments
(Table 4). Plots receiving FYM/ Gliricidia @ 5t ha?
over and above soil farmers’ practice exhibited almost
similar results, but significantly higher soil moisture
content at all the stages and at both the depths, than
the plots receiving either only recommended dose of
chemical fertilizers or lower amount of these
amendments. Use of 2.5t ha® FYM/ Gliricidia in
conjunction with 50% RDF and bio-fertilizers had
resulted in slightly lower soil moisture than with the
use of higher rates of FYM and Gliricidia. Higher
moi sture content in plotstreated with higher amount of
FYM and Gliricidia anendments alone or with their
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Table4. Effect of integrated nutrient management on soil moisturecontent at different stagesof crop growth

Treatment Moisture content (%)
Attillering At panicle emergence At maturity
0-15cm 15-30cm 0-15cm 15-30cm 0-15cm 15-30cm
Farmers’ practice (FP: FYM 2.0t ha! 18.36 19.85 13.45 15.12 12.21 14.58
+ Urea 25K g ha'+ DAP 25 kg hat)
FP+ PSB @ 2.5 kg ha +Azotobactor @2.5 kg ha* 18.42 19.92 13.92 15.61 12.56 14.85
FP +Gliricidia @ 5 t ha* 21.45 23.48 16.53 18.65 15.68 17.90
FP+FYM @ 5 t ha? 22.05 23.81 16.51 18.57 15.62 17.82
RDF (40-20-20 N:P:K) 17.88 19.34 13.25 15.05 12.0 14.52
50 % RDF+ FYM @2.5t ha' +PSB 20.35 22.00 15.45 17.43 14.36 16.75
@2.5 kg ha'+ Azotobactor @2.5 kg hat
50 % RDF+ Gliricidia @2.5t ha? 20.22 21.96 15.28 17.36 14.25 16.65
+PSB@2.5 kg ha'+ Azotobactor.@2.5 kg ha
CD (P=0.05) 31 3.45 23 2.58 2.24 241

lower amount in combination with chemical and bio-
fertilizers could be due to improvement in soil
aggregation, infiltration ratesand water holding capacity
( Tester, 1990 and Werner, 1997). Ingeneral, moisture
content was higher in lower layer (15-30 cm) than in
the surface layer (0-15 cm) due to fine texture of the
lower layer, and greater extraction of moisture by crop
from the upper soil layer. Moisture content recorded at
maturity was considerably lower than at tillering and
panicle emergence stages. This could be due to higher
antecedent moisture contents, cloudy wesathers, and low
temperatures during early and mid monsoon months
(tillering and panicle emergence) and clear weather,
high temperatures, and low antecedent moisture
contents during maturity stage.

Estimation of soil properties after completion
of 2 years experimentation showed that effect of
treatments on physical aswell as chemical properties
of soil wassignificant for al the treatmentswith respect
to control (Table5). Application of Gliricidia/FYM in
addition to farmers’ practice, significantly reduced bulk
density of surface soil ascompared to thosetreatments
which included either in low amount or no amount of
these amendments. Similar results have been reported
by Tester (1990) and Werner (1997). Other treatments
did not differ significantly for bulk density. pH of the
surface soil was not affected significantly by the
treatments; it remained in dightly acidic rangein amost
al thetreatments. Similar effects of organics have been
reported by Gopinath et al. (2008).

Treatmentsinvolving either FYM or Gliricidia
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@ 5t ha' each, over and above farmers’ practice, and
supply of 2.5t ha! of FYM or Gliricidia alongwith
50% RDF and biofertilizer (PSB and Azotobactor, 2.5
kg ha? each) resulted in similar soil organic carbon
content. However, all these treatments recorded
significantly higher organic carbon content over farmers’
practice and farmers’ practice + bio-fertilizers. Higher
organic carbon content in plots amended with higher
rates of FYM and Gliricidia or with lower rates of
these manures alongwith mineral fertilizers and bio-
fertilizers could be due to direct addition of organic
matter and increased root biomass and its recycling.
AvailableN, Pand K status of soil wasalso significantly
affected by treatments. Plots supplied with 5t hat
Gliricidia over and above farmers’ practice had the
highest amount of available N (295.7 kg ha?) which
wassignificantly higher than all other treatments. Again,
applicationof 2.5t hat Gliricidiaalongwith 50% RDF
and bio-fertilizers, being next best treatment,
significantly enhanced soils available N-status. This
could be ascribed to higher N content of Gliricidia
anditsroleinstimulating microbial activity, contribution
of Azotobactor by fixing atmospheric N (Rao, 2007),
and increased mineralization of organically bound soil
N (Bharadwaj and Omanwar, 1994). Whereas, the
highest available P content was recorded in the
treatment having 50% RDF + 2.5t ha' FYM + 2.5 kg
haeach of PSB and Azotobactor (31.4 kg ha') which
was similar to the treatment having 50% RDF + 2.5t
ha! Gliricidia + 2.5 kg ha!each of PSB and
Azotobactor but significantly higher than all other
treatments. Available K status was also significantly
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Treatment Bulk pH Organic Available  Available  Available-
density carbon N P K
(9cc?) (%) (kgha')  (kgha')  (kgha)

Farmers’ practice (FYM 2.0 t ha + Urea 25K g hat 151 6.32 0.27 192.6 12.3 3275

+ DAP 25 kg ha?)

FP+ PSB @ 2.5 kg ha +Azotobactor @2.5 kg ha 1.50 6.30 0.29 200.4 15.7 458.3

FP +Gliricidia @ 5t ha* 1.44 6.34 0.36 295.7 15.7 371.1

FP+FYM @ 5 t ha? 142 6.34 0.38 2425 16.8 251.3

RDF (40-20-20 N:P:K) 1.50 6.31 0.36 2295 20.2 283.9

50 % RDF+ FYM @2.5t ha! +PSB @2.5 kg ha* 1.46 6.33 0.37 238.2 314 349.3

+ Azotobactor @2.5 kg ha*

50 % RDF+ Gliricidia @2.5t ha! +PSB@2.5 kg ha' 147 6.34 0.37 265.8 29.6 338.4

+ Azotobactor.@2.5 kg hat

CD (P=0.05) 0.05 NS 0.08 20.5 2.2 224

higher in the Gliricidia containing treatments as
compared to otherswhich could be dueto very high K
content of Gliricidia biomass and quick release into
thesoil.

Looking into the significant improvement in
growth, yield, net returns, soil moisture retention,
organic carbon and nutrient status of soil, and reduction
in bulk density of plough layer, it could be concluded
that Gliricidiabiomass (Ileavesand twigs) isapotential
source of nutrients for upland rice, and even can be a
better option than FY M. The combination of Gliricidia
25t ha! + bio-fertilizers + 50% RDF is the most
productive and remunerative integrated nutrient
management practice for eastern ghats of Orissa.

REFERENCES

Anonymous 2006. Handbook of Agriculture. Directorate of
Information and Publication of Agriculture, ICAR,
New Delhi

Balasuberananiyan P and Palaniappan SP 2001. Principles
and Practices of Agronomy. Agro House Jodhpur,
Agrobios, India

Bharadwaj V and Omanwar PK 1994. Long-term effects of
continuous rotational cropping and fertilization on
crop yieldsand soil properties-11. Effectson EC, pH,
organic matter and available nutrients of soil. Journal
of Indian Society of Soil Science42(3): 387-92

Bray RH and Kurtz LT 1945. Determination of total organic
and available forms of phosphorus in soils. Soil
Science 59: 39- 45

Chandrasekaran B, Annadurai K and Kavimani R 2008. Rice

Science. Scientific Publishers (India), Jodhpur,
Rajasthan 667p

Gomez KA and Gomez AA 1984. Statistical Procedures for
Agricultural Research (2 Ed.). John Willey and Sons,
New York

Gopinath KA, Saha Supradip, MeenaBL , PandaHarit, Kundu
Sand GuptaHS2008. I nfluence of organic amendment
on growth, yield and quality of wheat and on soil
properties during transition to organic production.
Nutrient Cycling in Agro-ecosystems 82: 51-60

Janssen BH 1993. I ntegrated nutrient management: the use
of organicsand mineral fertilizers. In: Therole of Plant
Nutrients for Sustainable Crop Production in Sub-
Saharan Africa, H Van Regular and WH Prins (Eds.)
Ponsen and L ooijen, Wageningen, The Netherlands,
pp 89-105

Kang BT and JuoASR 1986. Effect of forest clearing on sail
chemical propertiesand crop performance. In: Land
Clearing and Development inthe Tropics, R Lal, PA
Sanchez and Row Cummings, Jr. (Eds.). AA Ballema,
Rotterdam, Netherlands, pp 383-394

Lehmann J, Schroth G and Zech W 1995. Decomposition
and nutrient release from leaves, twigs and roots of
three alley-cropping tree legumes in central Togo.
Agroforestry systems 29: 21-36

Mundus S, MenezesRSC, Neergaard A and Garrido M S 2008.
Maize growth and soil nitrogen availability after
fertilization with cattle manure and/ or Gliricidia in
semiarid North East Brazil. Nutrient CyclinginAgro-
ecosystems 82: 61-73

Pareek SK, Srivastava VK, Maheshwari ML and Gupta R
1996. Effect of Azotobactor culture in relation to

0 225 0O



INM in upland rice

nitrogen application on growth, yield and alkaloid
composition on opium poppy. Indian Journal
Agronomy 41(2): 321- 328

Rao NSS2007. Soil Microbiology. Oxforgand |BH Publishing
Co. Pvt. Ltd. 405p

Sarwad IM, Guled MB and Gundlur SS 2005. Influence of
integrated nutrient supply system for ragi- sorghum-
chickpea crop rotation on crop yields and soil
properties. Karnataka Journal of Agricultural Sciences
18:673-679

SharmaAK 2002. Bio-fertilizersfor Sustainable Agriculture.
Agro House Jodhpur, Agrobios, India.

Singh Fateh, Kumar Ravinder and Pal Samir 2008. Integrated
nutrient management in rice-wheat cropping system
for sustainable productivity. Journal of Indian Society
of Soil Science56(2): 205-208

O 226 O

Anchal Dass et al

Subbaih BV and AsijalA 1956. A rapid procedure for the
determination of available nitrogen in soil. Current
Science 25: 259- 260

Tester CF 1990. Organic amendment effectson physical and
chemical properties of a sandy soil. Soil Science
Society of AmericaJournal 54: 827-831

Turkhede AB, Chaudhari BT, Chore CN, Tayde RD and
Bobade PN 1996. Effect of green manuring and
fertilizer levelsonyield of low land paddy. Journal of
Soilsand Crops6 (2): 181- 189

Walkley A and Black IA 1934. An examination of the
Degtjareef method for determining soil organic metter,
and a proposed modification of the chromic acid
titration method. Soil Science 34: 29- 38

Werner MR 1997. Soil quality characteristics during
conversion to organic orchard management. Appl Soil
Ecol 5:151-167



