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Abstract

A field experiment was conducted during the rabi season 2016-17 and 2017-18 to evaluate the response of newly
developed B. rapa var. Toria var. JT-90-1 (Jeuti) to tillage, mulching and INM practices under |ate sown condition after
harvest of sali riceat I nstructional-cum-Research farm, Assam Agricultural University, Jorhat, India. The experiment was
carried out inasplit plot design with threereplications, keeping tillage practices and mulching in the main plotsand INM
practicesin the sub plots. The main plot treatments consisted of two tillage practices (P,: Conventional tillage and P,
Reduced tillage) and two mulching practices (M,: No mulching and M,,: Mulching with paddy straw) and the sub plot
treatments consisted of four nutrient management practices (N,:100 % Recommended Dose of NPK i.e. RDF through
chemical fertilizer, N,: 50 % Recommended Dose of Nitrogen (RDN) through chemical fertilizer + 50% N through FYM, N,
50% RDN through chemical fertilizer +50% N through Vermicompost and N,.: 50 % RDN through chemical fertilizer + 50%
N through Enriched Compost). Significantly higher seed yield of 740.45 and 632.12 kg ha' and stover yield of 2104.97 and
1866.94 kg ha*were recorded under the treatment reduced tillage during 2016-17 and 2017-18, respectively. Similarly,
mul ching with paddy straw also resulted significantly higher seed yield (750.69 and 639.41 kg ha?), stover yield (2133.04
and 1895.03 kg ha') and seed ail content (34.22 and 33.99 %) during the years of experimentation, respectively. Among
the nutrient management practices, integrated use of 50 per cent recommended dose of nitrogen through chemical
fertilizer and rest 50 per cent through FY M recorded the highest seed yield (772.22 and 652.36 kg ha?), stover yield
(2133.33 and 1904.17 kg ha'?) and seed ail content (34.19 and 34.04 %) inthefirst and second year, respectively. Highest
gross return (Rs.43,290), net return (Rs.25,282) and Benefit-cost ratio (2.40) were recorded when reduced tillage and
mul ching with paddy straw combined with 50 per cent recommended doseof nitrogen through chemical fertilizer and 50
per cent nitrogen through FY M.
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Introduction

Rapeseed-mustard isthe key edible oil seed crop of India
and amajor source of income especially to the marginal
and small farmersinrainfed areas. It holdsagreat promise
asan important oilseed crop because of itsshort duration
and wide adaptability to diverse agro-climatic regions
and soil type. India occupies first place in area of
rapeseed-mustard with 6.32 mha, whileit isnext to China
in production contributing 7.39 mt to the total global
production (Anonymous, 2016a). In Assam, rapeseed-
mustard occupies an areaof only 2.86 |akh haaccounting
1.99 lakh tones of production and productivity being 698
kg/ha (Anonymous, 2016b). The poor performance of this
crop in Assam is due to its dependence on the amount
and distribution pattern of rainfall during the crop
growing period as about 90% of the crop isgrown under
resource scarce rainfed condition where it suffers from
moisture stress.

Themain cause for less area under rapeseed-mustard in
Assam is the difficulty in post Kharif rice tillage
operationsfor timely sowing. The optimum sowing time
of rapeseed-mustard in Assam is middle of October to
middle of November. Even though the Kharif rice vacates
the land in time, excess soil moisture at the time of rice
harvesting does not permit proper field preparation and
timely sowing of rapeseed-mustard. Furthermore,
standing rice stubbles also obstruct normal tillage
operation for the succeeding crop immediately after rice
harvest resulting in delay in sowing of toria and by the
timemost of theresidual soil moistureisexhausted during
land preparation which results in uneven germination
leading to poor yield. Under such circumstances, adoption
of minimum tillage after cutting rice stubbles at the base
and using it as mulch to conserve the residual soil
moisture could be a good option (Chandrasekharan et
al., 1996). The need of the farmersto reduce the costs of
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production and to reduce the turnaround period between
harvest of rice and sowing of rapeseed have gained
importance in recent years through reduced tillage
practice. Integrated nutrient management has alwaysbeen
found to be better option in intensive cropping system
compared to chemical based fertilizer management
practices. Additionally, the organic component of INM
also helps in soil moisture conservation by increasing
water holding capacity of soil and moderating soil
temperature. Keeping above facts in view, a field
experiment was conducted to evaluate the response of
late sown Toriato different tillage, mulching and nutrient
management practices under sali ricefallow situation.

Materialsand Methods

A field experiment was conducted during therabi season
of theyears2016-17 and 2017-18 under rainfed condition
at Instructional-cum-Research farm, Assam Agricultural
University, Jorhat (26° 47/ N latitude, 94° 12' E longitude
and at an atitude of 86.6 m above mean sea level sea
level), Assam, India. The soil of the experimental sitewas
sandy loamintexture, acidicinreaction (pH 5.5and 5.4),
mediumin organic carbon (0.70% and 0.68%), mediumin
available N (301.06 kg/ha and 282.24 kg/ha), low in
available P,0, (21.03 kg/haand 19.24 kg/ha) and medium
in available K,0 (161.28 kg/ha and 154.56 kg/ha). The
climate of the site of the study is sub-tropical humid with
hot summer and cold dry winters. A range of mean
minimum temperatures of 8-15°C and 8.9-17.1°C and mean
maximumtemperatureof 24- 27.9°C and 22.5°C-28.7°C were
recorded during 2016-17 and 2017-18, respectively. The
amount of rainfall received during the crop growing period
were 102.2 mm and 79.6 mm during the corresponding
years, respectively. The mean relative humidity in the
morning and evening varied from 91-100 % and 44-66 %,
respectively during the crop growing period of 2016-17.
The corresponding values during the year 2017-18 were
94-100 % and 55-79 %, respectively. The treatments
comprised of twotillage practices (P,: Conventiond tillage
and P,Reduced tillage) and two mulching practices
(M,:Nomulching and M,,: Mulching with paddy straw) in
the main plot and four nutrient management practices
viz.,N,:100 % Recommended Dose of NPK i.e. RDF (40,
35 and 15 kg/ha N, P,O, and K,0) through chemical
fertilizer, N,: 50 % Recommended Doseof Nitrogen (RDN)
through chemical fertilizer + 50% N through FY M, N.: 50
% RDN through chemical fertilizer + 50% N through
Vermicompost and N,: 50 % RDN through chemical
fertilizer + 50% N through Enriched Compost in sub plots
weretested in asplit plot design and each treatment was
replicated thrice. The conventiondl tillage plotswerefirst

ploughed by tractor drawn disc plough after harvest of
Kharif rice, subsequently cross harrowed by disc harrow.
The stubbles and weedswereremoved and thefina land
preparation was done by using rotovator. The reduced
tillage plotswereinitially ploughed by tractor drawn disc
plough and then cross ploughed by power tiller with
stubble incorporation. In the nutrient management
treatments, half of the nitrogen and full doses of
phosphorus (P,0,), potassium (K, 0O) and organic manures
as per treatment were applied uniformly one day before
sowing in the furrows opened for sowing of seeds and
wereincorporated into the soil uniformly by hoeing. The
remaining half of the nitrogen was top dressed after
weeding operation. The late sown toria var. ‘JT-90-1’
(Jeuti) was sown on 9" and 11™ of December, respectively
during 2016 and 2017 and 13 kg/ha (15.6 g/plot) seed rate
wasfollowed with aspacing of 25 cm row to row and 5-7
cm plant to plant by placing the seedsin the furrows of 4-
5 cm depth. One weeding was donewith garden hoe at 22
days after sowing and the mustard aphid infestation was
controlled effectively by spraying Chlorpyriphos 20 EC
at therate of 2 ml/l twice at ten daysinterval.

Observations of growth and yield-attributing characters
were recorded at 20, 40, 60 and 80 days after sowing of
the crop. Plant height was measured by selecting ten
representative plants at random from each of the plots.
L eaf areawas measured by |leaf areameter and leaf area
index was calculated by dividing the leaf area per plant
by land area occupied by the plant. The numbers of
primary branches and siliquae per plant were counted at
thetime of maturity from ten randomly selected plantsin
each plot. Subsequently, ten siliquae were selected at
random from each plot to measure the length of siliqua
and number of seeds per siliqua. For test weight, 1000
grainswererandomly counted from each treatment, dried
to 12% moi sture and then their weight wasrecorded. The
crop was harvested on 6" and 9" March, respectively
during 2017 and 2018. The seed and stover yields per
hectare were worked out on the basis of yield recordsin
each plot. Seed oil content was determined with the help
of “Soc-Plus’ apparatus as per method described by
AOAC (1960) by taking 59 seed samplesfrom each plot.
The analyses of the results were done using standard
statistical procedure given by Panseand Sukhatme (1985).
Thecritical differences(CD) at 5% probability level was
calculated only when the F value had been found to be
significant. By taking into account the prevailing cost of
inputs and prices of output, the cost of cultivation, gross
and net returns were cal cul ated.



Results and Discussion
Growth characters

The growth attributing characters, viz. plant height at
maturity, number of leaves per plant and leaf areaindex at
60 DAS were found to be higher in the plots prepared
with reduced tillage as compared to those with
conventional tillage (Table-1). However, there was no
statistical difference in plant height during 2016-17 and
number of leaves and LAI at 60 DAS during 2017-18.
These results might be due to higher soil moisture
content, better utilization of residual soil moisture and
accumulation of comparatively higher organic matter in
soil under reduced tillage system. Similar results were
also reported by Christian and Bacon (1990).
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Significantly higher plant height, numbers of leaves per
plant and leaf areaindex at 60 DA Swere recorded when
the crop was mulched with paddy straw (M) ascompared
to un-mulched plots during both the years of
experimentation. Thismight be dueto better conservation
of soil moisture by reducing evaporation losses,
optimization of soil temperature, reduced weed population
and gradual increase in soil organic matter through
decomposition of mulch material under mulching
treatment. Singh and Rana (2006) also reported higher
plant growth under mulching.

All the integrated nutrient management practices
remained at par with each other and showed their
superiority over the chemical fertilizationin all thethree

Table 1. Growth parameters of late sown Toria as influenced by tillage, mulching and integrated nutrient management

practices
Treatment Plant height (cm) No. of leaves/plant LAI
at maturity at 60 DAS at 60 DAS

2016-17 2017-18 201617 2017-18 201617 2017-18
Tillage Practices(P)
P,: Conventional tillage 011 79.68 1 460 115 107
P, Reduced Tillage 21 8289 803 5.08 136 115
SEm(%) 0.678 0535 0.256 0.263 0.0014 0.061
CD (P=0.05) NS 185 0.89 NS 005 NS
Mulching (M)
M,: NoMulching 8981 7901 6.96 414 116 100
M,: Mulching with PS R42 8356 818 554 135 122
SEm(%) 0.67 0535 0.256 0.263 00014 0.061
CD (P=0.05) 235 185 0.89 091 005 021
Nutrient Management (N)
N,: 100%RDF 89.38 80.05 724 423 116 103
N,: 50%RDN +FYM R24 8266 827 520 135 119
N,:50%RDN+VC 9L.75 8152 745 499 127 112
N,: 50%RDN +EC 9108 80.92 732 493 125 110
SEm(%) 1293 0683 055 038 0.040 0032
CD (P=0.05) NS NS NS NS 012 009

PS= Paddy Straw; RDF: Recommended Dose of Fertilizer; RDN: Recommended Dose of Nitrogen; V C: Vermicompost;

EC: Enriched Compost

growth parameters. However, the variations were
significant only in case of LAl at 60 DASand INM with
50 per cent of recommended N through chemical fertilizer
and 50 per cent N through FYM (N,) was found to be
best. These results were in agreement with the findings
of Saikia(2011).

Yided attributes

Yield attributing characters viz., number of primary
branches and siliquae per plant, length of siliqua and
number of seeds per siliquawerefound to be higher under

reduced tillage system during both the years of
investigation (Table-2). However, significant differences
were observed number of primary branches per plant
during 2016-17 and number of siliquae per plant during
2017-18 only. Shekhawat et al. (2016) also found higher
yield attributing characters in Indian mustard under
reduced tillage as compared to the conventional tillage
system. Mulching with paddy straw brought significantly
higher valuesfor yield attributing characters during both
theyearsand these resultswerein conformity of Awasthi
etal. (2007) inIndian mustard.
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Table 2. Yield attributing parameters of late sown Toria as influenced by tillage, mulching and integrated nutrient
management practices

Treatment No. of primary No. of siliquae Length of No. of seeds
branches/plant /plant siliqua(cm) /siliqua

201617 201718 201617 2017-18 201617 2017-18 201617  2017-18

Tillage Practices(P)

P,: Conventional tillage 537 429 5199 44.65 495 4.86 2142 19.78
P, Reduced Tillage 596 488 54.56 47.66 498 491 2171 1997
SEm(t) 0056 0.192 0.846 0597 002 002 033 031
CD (P=0.05) 0.19 NS NS 207 NS NS NS NS
Mulching (M)

M,: NoMulching 516 418 50.70 4375 4.86 482 2083 1922
M, Mulching with PS 6.16 499 55.85 4857 507 495 2230 2054
SEm(t) 006 0.192 0.846 0597 002 002 033 031
CD (P=0.05) 0.19 0.66 293 207 009 0.08 115 106
Nutrient Management (N)

N,: 100% RDF 529 433 50.32 4281 491 479 2092 1925
N,: 50%RDN +FYM 593 496 5790 48.76 503 497 270 2112
N,:50%RDN+VC 5.76 463 52.83 46.68 497 490 2129 19.70
N,: 50%RDN +EC 567 442 52.00 46.38 495 487 21.36 1945
SEm(t) 014 0.157 0.718 0675 003 004 043 046
CD (P=0.05) 045 0.46 209 197 008 011 NS 14

Table 3. Yield performance of |ate sown Toria as influenced by tillage, mulching and integrated nutrient management
practices

Treatment Seedyield Stover yield Harvestindex  Seed oil content
(kg/ha) (kg/ha) (%) (%)

2016-17 2017-18 Pooled 2016-17 2017-18 Pooled 2016-17 2017-18 2016-17 2017-18

Tillage Practices(P)
P Conventional tillage 67917 58719 63344 196795 175406 186101 2568 2501 3403 3387

P, Reduced Tillage 74045 63212 68653 210497 186694 198597 2637 2529 3All 3397
SEm(%) 9783 543 6.70 11365 1253 1148 0267 0092 003 003
CD (P=0.05) B8 1879 2320 P33P 4336 974 NS NS NS NS

Mulching (M)

M,: NoMulching 66892 57990 62469 193086 172597 183292 2549 2509 33BN RHA
M,: Mulchingwith PS 75069 63041 69528 213304 189503 201406 2656 2521 A2 33BN
SEm(%) 9783 543 6.70 11365 1253 1148 0267 0092 003 003
CD (P=0.05) BB 1879 2320 P33 4336 074 093 NS o1 011
Nutrient Management (N)

N,: 100%RDF 64653 56104 60403 189201 167533 178368 2514 26505 3389 3R74
N,: 50%RDN +FYM 77222 65236 71257 213333 190417 201875 2678 2549 3419 3AM4
N,:50%RDN+VC 72604 62319 67486 208465 185583 197028 2620 2511 3412 3397
N,: 50%RDN +EC 69444 60201 64847 203583 180667 192125 2598 2496 3407 33N
SEm(%) 2594 213 281 2758 2085 2354 044 0611 0M4 004
CD (P=0.05) 7571 6460 6657 8050 6085 6870 NS NS 01 01

PS=Paddy Straw; RDF: Recommended Dose of Fertilizer; RDN: Recommended Dose of Nitrogen; V C: Vermicompost;
EC: Enriched Compost



Among the nutrient management treatments, integrated
nutrient management, comprising of 50 per cent of
recommended N through chemical fertilizer and 50 per cent
N through FY M recorded significantly highest values of
number of primary branches per plant, number of siliquae
per plant, siliqua length and number of seeds per siliqua
during both the years except number of seeds per siliqua
during 2016-17. However, it remained at par with INM
comprising of 50 per cent of recommended N through
chemical fertilizer and 50 per cent N through vermin-
compost with respect to number of primary branches per
plant. Theseresultsareattributableto thefindings of Singh
and Singh (2015) inlate sown I ndian mustard (B. juncea).

Seed yield

Both the main-plot treatment factorsviz., reduced tillage
and mulching with paddy straw recorded higher
magnitude of seed oil content, harvest index, seed and
stover yield over conventional tillage and no-mulching,
respectively (Table 3). On an average, there was an
increase of 8.38 and 6.71 per cent of seed and stover
yield, respectively in reduced tillage over conventional
method of tillage. The corresponding increase due to
mulching over non-mulching were 11.30 and 9.88 per cent,
respectively. However, the effectsdueto tillage practices
were not significant in case of harvest index and seed oil
content. These results might be attributable to the better
availahility of soil moisture throughout the crop growing
period in reduced tillage and mulching plots. Abdullah
(2014) and Shekhawat et al. (2016) also reported similar
findings of mustard seed oil content under minimumtillage
and seed and biological yield under reduced tillage as
compared to conventional tillage, respectively.

| ntegrated nutrient management, comprising of 50 per cent of
recommended N through chemical fertilizer and 50 per cent N
through FY' M recorded significantly highest seed and stover
yieldand seed ail content. However, theseedyield registered
under INM comprising with 50 per cent of recommended N
through chemical fertilizer and 50 per cent N through vermi-
compogt dso remained at par with the highest vaue. Singh
and Singh (2015) reported sSmilar resultsin Indian mustard.
Higher seed ail content under integrated nutrient management
wasfound by Singh and Sinsinwar (2006). From the present
investigation, it wasfound that inAssamtheseedyid d, stover
yield and seed oil content of late sown Toria variety JT-90-1
(Jeuti) grown after harvest of kharif rice could be increased
by combined approach of reduced tillage associated with
paddy straw mulching and integrated nutrient management
comprising of 50 per cent recommended dose of nitrogen
through chemicd fertilizer and 50 per cent nitrogen either
through FY M or vermi-compost.
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