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ABSTRACT : Plant height and number of primary and secondary branches at different crop
growth stageswere not affected significantly dueto different nutrient levels, however exhibited
some improvement over control. Dry matter accumulation by individual plant increased with
advancement in cropage till harvest. The highest dry matter accumulation were recorded at
100% NPK + S @ 40kg/hatreatment. 100% NPK + FYM @ 2.5 t/ha(dry weight) and 100% NPK
+ZnSO, @ 25kg/ha ranked second and third, respectively in dry matter accumulation after
100% NPK + S @ 40kg/ha. Daystaken to 50% flowering and 80% maturity remained unaffected
by different nutrient application levels.100% NPK + S @ 40kg/harecorded significantly higher
number of total branches at harvest than remaining treatments. 100% NPK + Borax @ 0.2%
(foliar) and 100% NPK + FYM @ 2.5t/ha (dry weight) recorded next higher to values 100% NPK
+ S @ 40kg/ha. Yield attributes viz. number of siliquae per plant, length of siliqua, 1000- seed
weight and seed weight per plant were affected significantly due to different nutrient levels.
150% NPK recorded higher number of siliquae per plant, higher number of seeds per siliqua,
length of siliqua, 1000- seed wei ght and seed weight per plant. 150% NPK recorded significantly
higher values of seed, stover and biological yield per hectare than remaining treatments. This
treatment was followed by 100% NPK + FYM @ 2.5t/ha (dry weight). Harvest index did not
differ significantly under different nutrient levels. The nutrients (N, P and K) concentration in
seed and stover remained unaffected by different nutrient levels.The nutrients (N, P and K)
uptake by seed, stover and crop was recorded maximum at 150% NPK. The protein content in
seed was found non- significant under different nutrient levels. However, it was recorded
maximum at 100% NP treatment. The protein yield was found maximum at 150% NPK. The il
content in seed was found non- significant under different nutrient levels. Qil yield in seed was
recorded maximum at 150% NPK. The maximum net returns and gross return were recorded at
150% NPK. Highest return per rupee invested wasrecorded at 150% NPK which wasfollowed
by 50% NPK. However, the lowest return per rupeeinvested was recorded in control condition.
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of 18.56 g/ha (FAO STAT, 2011). The production of

apeseed-Mustard are important oilseed crops
R\;vnhi ch rank third in vegetable oils after soybean
d palm while second in oilseed proteins
production after soybean in the world (USDA, 2011).

The global production of rapeseed mustard is 62.45 mt
from an acerage of 33.64 mhawith atotal productivity

rapeseed-mustard in Indiais about 8.17 mt covering an
area of about 6.51 mhawith atotal productivity of 12.57
ao/ha(GOl, 2011). Brassicasare good source of producing
high quality oil for human consumption. Thetwo species,
Brassica napus L. and B. rapa L. (rapeseed) together
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with B. juncea (L.) Czernj. and Cosson (Indian mustard)
and B. carinata (Ethiopian mustard) are commonly
referred to as rapeseed-mustard which constitute an
important group of oilseed cropsgrown under widerange
of agroclimatic conditionsin India. It is estimated that
58 mt of oilseeds will be required by the year 2020,
wherein the share of rapeseed-mustard will be around
24.2 mt (Bartaria et al., 2001). The per hectare
production of the crop isquitelow inthe country (1152kg
ha?) against the world average of 1400 kg ha? in the
world (Pirri and Sharma, 2006). Among the agronomic
factorsknown to augment the crop production, fertilizers
stand first and foremost productive input in agriculture.
Thenutrient requirement of oilseed crops, ingeneral, is
very high for amost al the essential mineral nutrients
which areto be supplied in adequate quantities. Nutrient
use efficiency isbarely 30-40 per cent and approximately
morethan 60 per cent of applied nutrientsarelost through
various ways. It has been estimated that less than 15
per cent of nutrients absorbed by the oilseeds are
contributed by fertilizerswhiletheremaining are obtained
from soil resources, organic manures, biological sources
and residues aswell aswastes (Davari and Mirzakhani,
2009). Adequate nutrient supply increases the seed and
oil yields by improving the setting pattern of siliquaeon
branches, number of siliquae per plant and other yield
attributes. Recommended dose of fertilizers (RDF) for
different zones vary with climate, soil type and type of
cropping systems followed. Balanced fertilization at
proper time through proper method of application
increases nutrient use efficiency of mustard. Farmers
most commonly use DAP that supply only nitrogen and
phosphorus. So, for obtaining maximum efficiency of
added fertilizer, balanced fertilization to cropsincluding
use of potassium, is essential. Potassium plays a major
roleinthe physiological activities of the plant including
photosynthesis, assimilates transmission into sink, cell
turgor maintenance, and improves drought tolerance,
enzyme activities and reducing the additional absorption
of sodium and iron ions in saline and torrentia soils
(Mengel and Kirkby, 2001). Itisvital inwater regulation
of the plant and plays an important balancing role with
nitrogen to ensure healthy, vigorous growth and natural
resistanceto disease, pestsand abiotic stress. It regulates
theopening and closing of stomata, enhances crop qudlity,
reduces|odging of cropsand enhances winter hardiness.
It also increases the uptake of other nutrients like
nitrogen, phosphorusand sul phur. Among the other major

nutrient elements, nitrogen being deficient in most of the
Indian sails. Itshigh requirement by cropismost limiting
factor in mustard production. Nitrogen use efficiency is
influenced greatly by time, rate, source and method of
application. Rate of nitrogen depends on the initial soil
status, climate, topography, cropping systemin practice
and previous crop. Similarly, Phosphorus is also an
important factor determining productivity of the crop.
Response of rapeseed-mustard to phosphorus is
determined by moistureavailability, soil Pstatusandyield
level. Sul phur plays direct and predominant rolein fatty
acid synthesis. Itis congtituent of amino acid, viz,, cystine,
cyestine and methionine and isessential for chlorophyl|
synthesis and vitamins, like biotin and thiamine. Thus,
oilseeds require more sul phur for higher oil and protein
yield. Mustard, in general, is very sensitive to
micronutrient deficiency, specially zinc and boron. Zinc
playsvital rolein carbohydrate and protein metabolism.
It control sthe plant growth hormone, IAA andisessential
component of dehydrogenase, proteinase and peptides
enzymesand promotes starch formation, seed maturation
and production. Boron plays an important role in cell
differentiation and development, translocation of
photosynthates and growth regul atorsfrom sourceto sink
and growth of pollen grainsthereby increases seedyield
of crops by increasing fertility index. Bulky organic
manures are applied to improve overall soil health and
reduce evaporation losses of soil moisture ultimately
increasing the seed yield. Nitrogen and potassium
complement each other intheir mutual beneficial action,
each enabling the plant to make use of other. Nitrogen
aonehaslittle effect on cropyield but therewill belarge
response to applied nitrogen when potassiumisapplied
together with nitrogen (Gupta, 2005). Thus, thereis a
direct positive relationship between nitrogen and
potassiumin plant nutrition. Potassium hasantagonistic
effect with some of the nutrients like boron and zinc.
Thus, increasein availability of potassium, decreasesthe
availability of boron and zinc. Thus, realizing the
importance of above mentioned facts, the present
investigation entitled “Response of mustard [(Brassica
juncea L.) Czernj. and Cosson] to potassium in
combination with other nutrients” has been undertaken
with the following objectives: To study the effect of
potassiumin combination with nitrogen and phosphorus
ongrowth, yield attributes, yield and quality of mustard,
to determinethe N, P and K content in mustard and to
study the economics of different treatments.
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RESEARCH METHODS

The details of the experimental materials used,
methodsfollowed and the statistical techniques adopted
during the course of the investigation are discussed in
thischapter.

Experimental site:

The field experiment was conducted in the
Bhagwant University Agriculture FarmAjmer Rajasthan,
India during Rabi 2016-17. Ajmer (Rajasthan) fallsin
the arid zone adjoining thefoothills of Shivalik range of
the Himalayas and is situated at 26.4°N latitude and
74.32°E longitude having an altitude of 480 meter above
the mean sealevel (MSL).

Fertilizer application:

A dose of 120kg nitrogen, 60kg P,O, and 40kg K ,O
per hectare was applied through urea, single super
phosphate and muriate of potash. Half dose of nitrogen
was applied as basal in furrows at the time of planting
and remaining was top dressed after first irrigation.
However, full dose of phosphorus and potassium was
applied at the time of planting.

Thinning:

To maintain plant popul ation per unit areathrough
thinning was done at 25DAS. Thinning was done
manually keeping a spacing of 15cm between plants to
plant.

Harvesting and threshing:

Harvesting of net plot was done manually with the
help of sickleat the stagewhen 75 per cent of thesiliqua
turned yellowish and seeds obtained their natural colour.
Threshing was performed manually after sun drying the
plants.

Observations:
Details of the various growth and devel opment
studies and post harvest studies are given as under:

Growth studies:
The plant growth studies carried out at 30, 60 and
90 daysafter sowing and finally at harvest are asbelow:

Plant height:
Five plantswere selected randomly from each plot
and tagged. The height was measured in cm with the

help of scalefrom baseto thetop of theplant. The average
of five plants was reported as the plant height in cm.

Number of branches:

Number of primary and secondary branches per
plant was counted from the tagged plants. These plants
were collected at harvest and their average was used as
number of primary and secondary branches on per plant
basis.

Dry matter accumulation:

Five plants were uprooted with the hel p of Khurpi
and roots were separated. For recording observations,
samples were taken from the second row from east in
each plot. The different plant parts were separated and
subjected to oven dry at 70 +1°C temperature till the
constant weight was obtained. The dry weight of
different plant parts has been reported in gram per plant
basis.

Days taken for 50 per cent flowering and 80 per
cent maturity:

The date on which 50 per cent plantsof four central
rows had at least one flower, was considered for
recording the days taken for 50 per cent flowering.
Similarly the day when approximately 80-90 per cent
siliquamatured was considered for recording daystaken
to maturity.

Yield attributes:

The various yield attributing characters viz, total
number of branches per plant, number of siliquae per
plant, length of siliqua per plant, number of seeds per
siliqua, 1000-seed weight and seed weight per plant (g)
were recorded as per the detail s given bel ow:

Number of siliquae per plant:

Total number of siliquae present on main shoot and
on respective branches of tagged plants at harvest were
separated, counted, averaged and then reported as
number of siliquaon per plant basis.

Length of siliqua per plant:

Length of ten randomly selected siliquae from main
shoot and respective branches was measured and the
average reported as length of siliquae in cm at harvest
stage. Whilereporting the average length of siliquae, the
length of siliquae present on different branches has been
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averaged.

Number of seeds per siliqua:

The seeds obtained from ten randomly selected
siliqua present on main shoot, primary and secondary
branches were counted and the average number was
reported. While reporting average number of seeds per
siliqua, the numbers of seeds per siliqua on respective
branches were averaged.

1000-seed weight:
1000 seeds were counted randomly and weighted
on electronic balance. Theweight wasreported in gram.

Seed weight per plant:

The seeds obtained after threshing the siliquae of
respective branchesat harvest from thefive tagged plants
were separated and reported in gram per main shoot,
primary branch and secondary branch. While reporting
thetotal seed weight per plant, the seed weight of all the
branches was added together.

Yield: Biological yield:

Total produce of each net plot was allowed to sun
dryinginthefield after harvest and weighed. Biol ogical
yield per hectare was computed by multiplying with
suitable conversion factor.

Seed yield:

Fromtheindividual plot, net plot areawasharvested,
sun dried and the produce was threshed and cleaned.
The final weight was recorded in kg per plot and
converted into kg per hectare.

Stover yield:

Stover yield was computed by deducting the seed
yield fromthetotal dry matter yield and expressed in kg
per hectare.

Chemical studies: Chemical studies of soil sample:

Theinitial soil sampleswere collected fromthe15cm
deep layer of the soil at 10 random points with the help
of spade and Khurpi, pooled together and processed
for thedetermination of initial phys co-chemical properties
of soil of theexperimental site.

Chemical studies of plant samples:
The uniform and representative plant sampleswere

collected randomly from every plot at harvest. These
sampleswere used for following chemical studies:

Nutrient content and uptake in plant : Nitrogen
content and uptake by seed, stover and plant:

Total nitrogen content in seed and stover of each
plot at harvest stage was estimated separately by
modified micro-Kjeldahl method. The samples were
grounded upto 2mm mesh size and 0.2g of this sample
were taken and digested. The aliquot was used for
analysis of the per cent total N in crop at harvest. The
nitrogen uptake was calculated by multiplying the
concentration of N in seed and stover with respective
dry matter productionin one hectare, N uptake by plant
was worked out by adding N uptake in seed and stover
and expressed as kg ha’.

Phosphorus content and uptake by seed, stover
and plant:

Total phosphorus content in seed and stover of each
plot at harvest stage was estimated separately by vanado-
molybdo-phosphoric acid yellow method. The phosphorus
uptakewasca culated by multiplying the concentration of P
in seed and stover with respectivedry matter productionin
onehectare, P uptake by plant wasworked out by adding P
uptake in seed and stover and expressed as kg hat.

Potassium content and uptake by seed, stover and
plant:

Total potassium content in seed and stover of each
plot at harvest stage was estimated separately by flame
photometry method. The potassium uptakewascalculated
by multiplying the concentration of K in seed and stover
with respective dry matter production in one hectare, K
uptake by plant was worked out by adding K uptake in
seed and stover and expressed as kg ha.

Quality studies : Oil content and oil yield:

The oil content in seed was determined by Soxhlet’s
extraction method taking petroleum ether as a solvent.
Theoil content wasreported on per cent basis. Oil yield
was computed by multiplying the oil content valuewith
seed yield as per treatment and then the oil data were
presented in kg ha.

Protein content and protein yield:
Protein content in seedswas obtained by multiplying
N content with a constant factor of 6.25 and to work out
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protein yield kg ha?, protein content in seeds was
multiplied by seed yield divided by 100 and multiplied by
moi sture correction factor.

Economic analysis : Cost of cultivation:

Common cost of cultivation for different treatments
was calculated and additional fertilizer management
treatments cost was added and cost of cultivation of each
treatment was cal cul ated.

RESEARCH FINDINGS AND DISCUSSION

The results of the experiment obtained during the
course of investigation are summarized in this chapter
with the help of appropriate tables.

Growth and development studies on crop : Plant
height:

Thedatapertaining to plant height at various stages
of crop growth are summarized in Table 1. In general,
the plant height increased as the crop advanced in age
and reached its maximum at maturity. Plant height did
not differ significantly at all the stages of crop growth.
Maximum height at 30 and 60 DA Swere recorded under
the application of 150% NPK, but at 90 DAS and harvest
stage plant height was recorded maximum under the
application of 100% NPK + 40kg S ha™.

Number of primary branches per plant:
Data on primary branches per plant as influenced

by different nutrient application levels are presented in
Table 2. In general, the number of primary branches
increased with advancement of crop age. At 30DAS
significantly higher number of primary branches were
recorded with the application of 100% NPK + 40kg S
ha! over all other treatment except 100% NPK + 25kg
ZnS0O, ha

However, the lowest number of primary branches
wasrecorded in control, but at other crop growth stages
no significant effect was found under the different
nutrient levels. Number of branches increased with
nutrient levels and significant response with sulphur
application may be ascribed to the functional role of
nitrogen and sulphur in the plant body as nitrogen helps
inmultiplication, cell elongation, and tissuedifferentiation.
Also with adequate supply of nitrogen the plants grew
taller and produced more branches.

Number of secondary branches per plant:

Dataon secondary branches per plant asinfluenced
by different nutrient applicationlevelsare presentedin -
Table 3. In general, the number of secondary branches
increased with advancement of crop age. Higher number
of secondary branches was recorded at 60 DAS with
the application of 100% NPK + Borax @ 0.2% being at
par with all other treatments except 100% NPK, 50%
NPK and control which significantly produced more
number of secondary branches. However, the lowest
number of secondary brancheswas recorded in control.

Tablel: Plant height at various stages of crop growth asinfluenced by different nutrient levels

Treatments 30DAS 60 DAI;I gL (e 90 DAS At harvest
100% K 196 86.2 1238 2125
100% N 193 845 1198 201.0
100% NK 198 87.8 1229 208.1
100% NP 191 84.6 1231 210.7
509 NPK 19.0 80.8 1182 1985
100% NPK (RDF)* 192 82.2 1240 206.6
150% NPK 212 89.0 124.8 216.7
100% NPK+ S @ 40kg/ha 20.0 87.8 1323 220.7
100% NPK+ZnSO, @25kg/ha 19.4 84.9 126.6 211.4
100% NPK+ Borax @ 0.2% (foliar) 19.7 87.2 124.8 211.8
100% NPK+ FYM** @ 2.5t/ha (Dry weight) 20.2 88.9 126.8 216.7
Control 17.4 714 117.4 186.8
SE+ 08 37 46 109
C.D. (P=0.05) NS NS NS NS

NS= Non-significant
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At 90 DAS higher number of secondary branches was
recorded with the application of 100% NPK + 40kg S
ha? being at par with all other treatments except 50%
NPK, 100% NPK, 100% NK and control which
significantly produced more number of secondary
branches. However, the lowest number of secondary
branches was recorded in control. At 30 DAS and
harvest stage the numbers of secondary branches
were found to be non- significant. The number of
secondary branchesincreased probably isdue to more

activities of meristematic tissue of the pant. The
increased vigour of the plant during vegetative stage,
thus, contributed towards the higher production of
branches at different growth stages. Application of
sulphur also contributed to increase in number of
secondary branches by enhancing cell differentiation
and chlorophyll synthesis. Boron also plays an
important rolein cell differentiation, devel opment and
translocation of photosynthates, thus, increasing the
number of secondary branches.

Table2: Number of primary branchesat various stages of crop growth asinfluenced by different nutrient levels

Treatments 30DAS ’\Iumberé())]c g:rgary enene (Nug;)bngé pant) At harvest
100% K 05 34 45 6.1
100% N 0.3 30 44 47
100% NK 0.5 35 4.0 55
100% NP 0.5 2.7 41 6.1
50% NPK 0.3 3.2 39 47
100% NPK (RDF)* 04 3.0 4.3 48
150% NPK 0.3 24 45 6.3
100% NPK+ S @ 40kg/ha 0.8 32 42 6.1
100% NPK+ZnSO, @25kg/ha 0.6 3.0 4.0 6.4
100% NPK+ Borax @ 0.2% (foliar) 0.3 29 43 6.1
100% NPK+ FYM** @ 2.5t/ha (Dry weight) 0.5 33 41 53
Control 0.1 24 35 46
SE+ 0.1 0.3 0.2 0.5
C.D. (P=0.05) 0.2 NS NS NS

NS= Non-significant

Table 3: Number of secondary branchesat various stages of crop growth asinfluenced by different nutrient levels

Treatments Number of secondary branches (Number of plant™)
30DAS 60 DAS 90 DAS At harvest

100% K 0.3 45 7.8 9.7
100% N 03 45 79 10.5
100% NK 0.5 41 6.7 10.4
100% NP 0.2 39 7.1 95
50% NPK 0.2 25 5.6 8.9
100% NPK (RDF)* 0.3 34 6.1 8.7
150% NPK 0.5 44 7.7 10.6
100% NPK+ S @ 40kg/ha 04 4.9 8.7 115
100% NPK+ZnSO, @25kg/ha 0.3 41 7.0 104
100% NPK+ Borax @ 0.2% (foliar) 0.3 51 8.2 11.0
100% NPK+ FYM** @ 2.5t/ha (Dry weight) 0.3 49 8.3 11.3
Control 0.1 23 51 85
SE+ 0.1 04 0.7 0.9
C.D. (P=0.05) NS 12 19 NS

NS= Non-significant
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Dry matter accumulation per plant:

Data pertaining to dry matter accumulation are
summarized in Table 4. The data on dry matter
accumulation revealed that in general, dry matter
accumulation increased asthe crop advanced in age and
reached maximum at maturity. The accumulation rate
of dry matter in plant was found minimum at 30 DAS
whereas a rapid increase was seen upto maturity stage.
The data revealed that crop plant accumulate the dry

matter very rapidly between 30 and 90 DAS of crop
growth. At 30 DAShighest dry matter accumul ation was
recorded under the treatment of 100% NPK + 40 kg S
ha' being at par with 100% NPK + 25kg ZnSO, ha*,
100% NPK + 2.5t FYM ha! and 100% K which
produced the highest dry matter accumulation than
remaining other treatments. The lowest dry matter
accumulation was recorded in control plot. At 90 DAS
highest dry matter accumul ation was recorded under the

Table4 : Dry matter accumulation per plant at various stages of crop growth asinfluenced by different nutrient levels

Dry matter accumulation (g plant™)

Treatments 30DAS 60 DAS 90 DAS At harvest
100% K 16.4 53.0 805 982
100% N 105 495 715 97.0
100% NK 135 50.7 790 96.0
100% NP 13.4 50.0 733 97.2
509 NPK 8.2 427 614 945
100% NPK (RDF)* 100 49.9 718 97.2
150% NPK 121 50.0 72.4 97.4
100% NPK+ S @ 40kg/ha 180 56.8 86.5 101.0
100% NPK+ZnSO, @25kg/ha 171 527 80.7 1020
100% NPK+ Borax @ 0.2% (foliar) 150 51.0 795 97.7
100% NPK+ FYM** @ 2.5t/ha (Dry weight) 17.1 50.2 81.9 90.8
Control 65 380 56.3 85.6
SE+ 10 39 4.7 39
C.D. (P=0.05) 29 NS 138 NS

NS= Non-significant

Table5: Number of daystaken to 50 per cent flowering and 80 per cent maturity asinfluenced by different nutrient levels

Treatments 50% flowering Umber oL GBStk en ot 80% maturity
100% K 547 129.3
100% N 55.3 128.3
100% NK 55.0 130.3
100% NP 56.0 127.7
50% NPK 55.0 127.7
100% NPK (RDF)* 54.3 129.0
150% NPK 55.3 129.3
100% NPK+ S @ 40kg/ha 54.7 126.7
100% NPK+ZnSO, @25kg/ha 55.0 129.0
100% NPK+ Borax @ 0.2% (foliar) 55.0 129.0
100% NPK+ FYM** @ 2.5t/ha (Dry weight) 53.7 1293
Control 53.3 127.0
SE+ 0.8 14
C.D. (P=0.05) NS NS

NS= Non-significant
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application of 100% NPK + 40kg S ha! being at par
with all other treatments except 50% NPK, 100% NPK,
150% NPK, 100% N and control which significantly
accumulate more dry matter, however, lowest dry matter
accumulation wasfound in control treatment. At 60DAS
and harvest stage dry matter accumulation were found
to be non- significant. Relatively, under 100% NPK +
40kg Sha' and 100% NPK + 25kg ZnSO, ha'* treatment
higher dry matter accumul ation was recorded. Dry matter
accumulation per plant is an ultimate result of all the
metabolic processesoccurringinsidetheplant. Thehigher
valueof total dry matter per plant might be dueto higher
values of more number of primary, secondary and total
branches and al so higher uptake of nutrients by the crop.

Number of daystaken to 50 per cent flowering and
80 per cent maturity:

Differencesin days taken to 50 per cent flowering
and 80 per cent maturity dueto different treatmentswere
found to be non- significant. 100% NP and 100% NK
treatment took more number of days to 50 per cent
flowering and 80 per cent maturity, respectively, than all
other remaining treatments. Delay in maturity with
potassium application might beduetoitsroleinproviding
hardinessto the crop.

Yield attributing characters:
Data pertaining to yield contributing characters of
the crop are summarizedin Table 7.

Total number of branches at harvest :

Number of secondary branches was higher in
comparison with primary branches. Different nutrients
significantly influenced thenumber of secondary branches
as well as total number of branches but increase in
number of primary branches was found non-
significant. The higher number of secondary and total
branches was found in the treatment of 100% NPK +
40kg S hat which was at par with other treatments
except 50% NPK, 100% NPK, 100% NP and control,
also with 100% NK, which produced higher number
of branches. The lowest branches were found in
control which was significantly lower than remaining
treatments in both the cases. Thisincrease in number
of total branches might be due to more dry matter
accumulation per plant.

Number of siliquae per plant:

Thedataon the number of siliquae per plant showed
that the 150% NPK recorded higher number of siliquae
being significantly superior over all other treatments
except control and 50% NPK which did not differ
significantly. The lowest number of siliquae was found
in control plot which is significantly lower than all the
treatments. Increase in number of siliquae per plant is
an index of higher seed yield per plant. Itisalso largely
governed by the number of branches per plant. This
increase may be attributed to more number of total
branches per plant.

Table6: Total number of branchesat harvest asinfluenced by different nutrient levels

Treatments - Harvest
Primary branches Secondary branches Total branches

100% K 14.3 22.3 36.5
100% N 124 233 35.7
100% NK 134 21.7 35.1
100% NP 131 20.7 339
50% NPK 121 17.1 29.2
100% NPK (RDF)* 125 185 310
150% NPK 133 23.2 36.5
100% NPK+ S @ 40kg/ha 141 255 39.6
100% NPK+ZnSO, @25kg/ha 139 218 35.7
100% NPK+ Borax @ 0.2% (foliar) 13.6 24.6 38.0
100% NPK+ FYM** @ 2.5t/ha (Dry weight) 13.0 24.8 378
Control 10.6 16.0 26.6
SE+ 0.7 13 14
C.D. (P=0.05) NS 38 42

NS= Non-significant
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Number of seeds per siliqua:

The number of seeds per siliqua could not be
influenced by the application of different nutrients
significantly. However, application of 150% NPK and
control produced highest and lowest number of seeds
per siliqua, respectively. Application of 100% NPK +
Borax @ 0.2% and 100% NPK + 2.5t FY M ha? ranked
second and third, respectively, after 150% NPK. This
increase in number of seeds per siliquamight be due to
the application of recommended nutrients along with the
supplemental nutrient which ultimately increase the seed
yied.

Length of siliqua :

The siliqua length was recorded higher in 150%
NPK. However, the differences among the treatments
werenot found to be significant except 50% NPK, 100%
NPK + 25kg ZnSO, ha', 100% NK and control which
remained inferior with the application of 150% NPK in
terms of the siliqualength.

1000-seed weight:

The data on1000-seed weight, showed that the
application of 150% NPK recorded the highest 1000-
seed weight being significantly superior over al other
treatments except control, 50% NPK, 100% NPK, 100%
NPK + 40kg S ha' and 100% NP which did not differ
significantly. Test weight isan index of boldnessof seed
resulting from transfer of photosynthatesfrom vegetative

phase to reproductive phase.

Seed weight per plant:

Seed weight per plant was found to be significant
with the application of different nutrient levels. Higher
seed weight per plant was recorded under the treatment
of 150% NPK and lower seed weight per plant was
recorded under control condition. 150% NPK treatment
wasat par with all other treatments except control, which
do not produce more seed weight per plant. This might
be due to more number of branches at harvest, more
number of siliquae per plant, more number of seeds per
sliqua, morelength of siliquaand higher 1000-seed weight.
FY M influencetheyield attributes by improving the soil
physical properties asit decreases the bulk density and
increases the porosity.

Yield studies : Seed yield:

The data on seed yield are presented in Table 8,
reveal ed that the 150% NPK recorded highest seed yield
per hectare being significantly superior over all the
treatments. 100% K being at par with 100% N treatment
remained significantly inferior in turn of seed yield per
hectare after the control as compared to all other
treatments. On an average there was 190.7 per cent
increase in the seed yield at 150% NPK as compared to
control. The reason for higher yield at 150% NPK was
production of effective yield components which
contributed towards seed yield. Higher seed yield per

Table7: Yield attributes asinfluenced by different nutrient levels ‘

Treatments _ l_\lo. of No. pf_ Seeds/ Length of siliqua 10(_)0—seed Seed weight/
siligualplant siligua (cm) weight (g) plant (g)
100% K 288.9 121 3.7 35 138
100% N 280.6 11.7 35 34 12.0
100% NK 305.0 11.6 31 33 13.7
100% NP 2786 117 35 3.2 109
50% NPK 219.9 11.3 29 31 10.8
100% NPK (RDF)* 269.1 11.9 3.6 32 11.0
150% NPK 3245 135 40 3.7 139
100% NPK+ S @ 40kg/ha 3235 12.2 37 32 12.9
100% NPK+ZnSO, @25kg/ha 319.7 11.6 34 35 11.3
100% NPK+ Borax @ 0.2% (foliar) 282.6 12.6 3.6 34 13.0
100% NPK+ FYM** @ 2.5t/ha (Dry weight) 3107 124 3.7 3.6 122
Control 185.0 10.7 27 27 7.9
SE+ 26.4 10 0.2 0.1 11
C.D. (P=0.05) 77.4 NS 05 0.4 32

NS= Non-significant
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plant isthe net result of more number of total branches
at harvest more number of siliquae per plant, length of
siliqguawith more seeds per siliqua and better growth at
different stages. Positive response of nitrogen and
potassium was obtained in seed yield per hectare aswith
the application of 100% NK, there was 16.1 per cent
and 5.1 per cent increase in seed yield as compared to
100% K and 100% N alone. However, 100% NP
recorded lower yield then 100% NK. With theapplication
of nitrogen, phosphorus and potassium together the seed
yield per hectare was aso increased as compared to
100% K and 100% N alone but al the treatments were
at par with each other except control, 100% K and 100%
N. Thisincreasein seed yield per hectare with N, Pand
K together might be due to balanced fertilization which
influencestheyield attributing characters and ultimately
the seed yield per hectare. There was significant
differenceinthe seed yield per hectare. Among different
supplementary nutrients, application of FY M with RDF
resulted in higher seed yield followed by sulphur and
ZnS0,. Antagonistic effect of potassium with borax was
obtained in seed yield per hectare aswith the application
of 100% NPK + Borax @ 0.2% the seed yield per
hectare was decreased by 10.2% as compared to the
application of 100% NPK + 2.5t FYM ha?. Increased
yield attributes owing FY M incorporation is because it
is a slow releasing source of nitrogen, a source of
phosphorus, potassium, secondary and micronutrientsand
available to plants during their growth period, thereby
increasing their availability for growth and devel opment.

Sulphur increases the nitrogen use efficiency. Zinc
closely involvesin the nitrogen metabolism of the plant,
more leaf area and more photosynthetic areaand boron
plays active role in carbohydrate biosynthesis and
protein metabolism which result in more yield
attributes.

Stover yield per hectare:

Data pertaining to stover yield per hectare is
summarized in Table 8. The data on stover yield
reveal ed that the application of 150% NPK recorded
the higher stover yield per hectare being significantly
superior over all the treatments except control, 50%
NPK, 100% NK, 100% NP, 100% N and 100% K
which did not differ significantly. The lowest stover
yield per hectare was found in control. Thisincrease
might be due to increased plant growth at different
crop growth stages of the crop.

Biological yield per hectare:

The effect of nutrient applied to the crop showed
significantinfluence onbiological yield per hectare. 150%
NPK being at par with 100% NPK, 100% NPK + 40kg
Shat, 100% NPK + 25kg ZnSO, ha* and 100% NPK
+ 2.5t FY M ha' computed significant higher biological
yield per hectare than remaining treatments. Control
recorded significantly lowest biological yield per hectare.
Theincreasein biological yield per hectare could bedue
to increased seed and stover yields under these
treatments.

Table8: Seed yield, Stover yield, biological yield and harvest index asinfluenced by different nutrient levels

Treatments Seed yield (kg ha?) Stover yield (kgha')  Biological yield (kg ha) Harvest index (%)
100% K 1104 5388 6493 175
100% N 1220 6239 7391 17.6
100% NK 1282 6680 7963 16.1
100% NP 1250 5033 7187 17.7
50% NPK 1391 6554 7922 17.7
100% NPK (RDF)* 1429 7350 8779 16.4
150% NPK 1817 8228 10045 19.0
100% NPK+ S @ 40kg/ha 1567 6885 8453 18.6
100% NPK+ZnSO, @25kg/ha 1531 7534 9065 16.9
100% NPK+ Borax @ 0.2% (foliar) 1460 6868 8330 17.6
100% NPK+ FYM** @ 2.5t/ha (Dry weight) 1609 7538 9147 178
Control 625 2683 3308 19.3
SE+ 49 506 549 13
C.D. (P=0.05) 144 1485 1611 NS

NS= Non-significant
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Harvest-index:

The applied nutrient did not influence the Hl
sgnificantly. Relatively, more harvest-index was observed
incontrol plot than others. Comparatively, lower harvest-
index was observed in 100% NK as compared to the
other treatments. It is areal index for determining the
economicyield fromthetota biological yield. Theharvest
index speaks the conversion efficiency of non-grain
portion by turning up nutrient uptake aswell as utilization.
The lower stover yield in proportion to seed associated
under above treatments increased the values of harvest

index.

Nutrients (N, P and K) content in crop: Nutrients
(N, P and K) content in seed and stover:

None of the nutrient levels was able to bring
significant difference in nutrient content i.e. nitrogen,
phosphorus and potassium in the seed and stover.

Nutrients (N, P and K) uptake by crop : Nitrogen
uptake:
The data on nitrogen uptake by seeds, stover and

Table9: N content in seed and stover at harvest asinfluenced by different nutrient levels

0,
Treatments Sead N content (%) Sover
100% K 293 0.43
100% N 294 0.45
100% NK 2.96 0.44
100% NP 3.23 0.45
50% NPK 2.98 0.46
100% NPK (RDF)* 312 0.46
150% NPK 3.18 0.47
100% NPK+ S @ 40kg/ha 3.00 0.47
100% NPK+ZnSO, @25kg/ha 321 0.44
100% NPK+ Borax @ 0.2% (foliar) 297 0.46
100% NPK+ FYM** @ 2.5t/ha (Dry weight) 3.13 0.47
Control 2.87 0.42
SE+ 0.14 0.02
C.D. (P=0.05) NS NS

NS= Non-significant

Table10: P content in seed and stover at harvest asinfluenced by different nutrient levels
P content (%)

Treatments Sead Sover
100% K 0.70 0.34
100% N 0.65 0.32
100% NK 0.71 0.35
100% NP 0.70 0.34
50% NPK 0.72 0.35
100% NPK (RDF)* 0.73 034
150% NPK 0.75 0.36
100% NPK+ S @ 40kg/ha 0.71 0.35
100% NPK+ZnSO, @25kg/ha 0.69 0.33
100% NPK+ Borax @ 0.2% (foliar) 0.71 0.35
100% NPK+ FYM** @ 2.5t/ha (Dry weight) 0.70 0.36
Control 0.69 0.33
SE+ 0.03 0.02
C.D. (P=0.05) NS NS

NS=Non-significant
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crop, presented in Table 12.

Nitrogen uptake by seeds:

Significantly higher nitrogen uptake was made due
to the application of 150% NPK as compared to the
remaining treatments. 100% K application treatment
being at par with 100% N recorded lowest value of N
uptake by seeds after the control than remaining
treatments.

Nitrogen uptake by stover:
The highest N uptake by stover was computed in

150% NPK being at par with 100% NPK, 100% NPK
+ 25 kg ZnSO, ha' and 100% NPK + 25t FYM hat
which recorded significant higher N uptake by stover
than other treatments. 100% K application treatment
being at par with 100% NP recorded lowest value of N
uptake by stover after the control than remaining other
treatments.

Total nitrogen uptake by crop:

The effect of different nutrient levelsin N uptake
by the crop was found to be significant. 150% NPK
computed significantly higher N uptake by the crop than

Table11: K content in seed and stover at harvest asinfluenced by different nutrient levels

K content (%)

Treatments Sead Stover
100% K 0.78 195
100% N 0.86 2.05
100% NK 0.82 197
100% NP 0.81 193
50% NPK 0.82 1.94
100% NPK (RDF)* 0.81 1.96
150% NPK 0.85 1.99
100% NPK+ S @ 40kg/ha 0.82 1.98
100% NPK+ZnSO, @25kg/ha 0.85 2.02
100% NPK+ Borax @ 0.2% (foliar) 0.81 1.95
100% NPK+ FYM** @ 2.5t/ha (Dry weight) 0.84 2.00
Control 0.77 1.92
SE+ 0.02 0.04
C.D. (P=0.05) NS NS

NS= Non-significant

Table12: N uptakein seed and stover at harvest asinfluenced by different nutrient levels ‘

Treatments Seed B =) Total
100% K 275 19.1 46.6
100% N 30.6 23.6 54.2
100% NK 322 24.0 56.2
100% NP 34.4 21.7 56.1
50% NPK 353 27.0 62.4
100% NPK (RDF)* 379 304 68.3
150% NPK 49.0 335 824
100% NPK+ S @ 40kg/ha 40.0 285 68.5
100% NPK+ZnSO, @25kg/ha 41.9 30.3 72.2
100% NPK+ Borax @ 0.2% (foliar) 36.8 289 65.7
100% NPK+ FYM** @ 2.5t/ha (Dry weight) 4238 30.7 734
Control 151 9.1 242
SE+ 19 12 24
C.D. (P=0.05) 55 36 71
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remaining treatments. The lowest N uptake by the crop
was recorded under the application of 100% K being at
par with 100% N, after the control plot.

Phosphorus uptake:
The data on phosphorus uptake by seeds, stover
and crop, presented in Table 13.

Phosphorus uptake by seeds:
The uptake of P by seeds was made significantly
higher dueto the application of 150% NPK as compared

to the remaining treatments. The lowest P uptake by
seeds was recorded in the application of 100% K
treatment being at par with 100% N, 100% NK and
100% NP, after the control.

Phosphorus uptake by stover:

The highest P uptake by stover was computed in
150% NPK being at par with 100% NPK and 100%
NPK + 2.5t FYM ha T, which recorded significantly
higher Puptake by stover. The lowest Puptake by stover
was recorded under the application of 100% K being at

Table13: P uptakein seed and stover at harvest asinfluenced by different nutrient levels

Treatments Seed e ha) Totd
100% K 6.6 155 22.1
100% N 6.8 16.8 236
100% NK 7.8 20.0 278
100% NP 75 17.1 24.6
50% NPK 8.6 19.7 28.3
100% NPK (RDF)* 8.8 21.3 30.1
150% NPK 115 25.1 36.6
100% NPK+ S @ 40kg/ha 94 20.3 29.7
100% NPK+ZnSO, @25kg/ha 8.9 20.9 29.8
100% NPK+ Borax @ 0.2% (foliar) 8.9 20.3 29.1
100% NPK+ FYM** @ 2.5t/ha (Dry weight) 9.6 22.8 324
Control 3.6 75 111
SE+ 0.5 14 15
C.D. (P=0.05) 13 3.9 4.4

Table 14: K uptakein seed and stover at harvest asinfluenced by different nutrient levels

K uptake (kg ha)

Treatments Seed Stover Total
100% K 7.3 89.4 96.7
100% N 8.9 109.8 118.7
100% NK 8.9 111.7 120.7
100% NP 8.6 97.3 105.9
50% NPK 9.6 107.7 117.4
100% NPK (RDF)* 9.9 122.6 132.4
150% NPK 13.2 138.8 152.0
100% NPK+ S @ 40kg/ha 10.9 1157 126.6
100% NPK+ZnSO, @25kg/ha 111 129.4 140.5
100% NPK+ Borax @ 0.2% (foliar) 10.1 1139 124.0
100% NPK+ FYM** @ 2.5t/ha (Dry weight) 11.4 127.8 1393
Control 41 4338 47.9
SE+ 04 9.2 94

C.D. (P=0.05) 12 27.1 275
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par with 100% N and 100% NP, after the control.

Total phosphorus uptake by crop:

The effect of different nutrient levelsin P uptake
by the crop found to be significant. 150% NPK being at
par with 100% NPK + 2.5t FYM ha! computed
significantly higher P uptake by the crop than remaining
treatments. The lowest P uptake by the crop was
recorded under the application of 100% K being at par
with 100% N and 100% NP, after the control.

Potassium uptake:
The data on potassium uptake by seeds, stover and
crop, presented in Table 14.

Potassium uptake by seeds:

Significantly higher uptake of K by seedswas made
dueto the application of 150% NPK as compared to the
remaining treatments. The lowest K uptake by seeds
was recorded in the application of 100% K treatment,
after the control.

Potassium uptake by stover:

The highest K uptake by stover was computed in
150% NPK being at par with 100% NK, 100% NPK,
100% NPK + 40kg S ha-1, 100% NPK + 25kg ZnSO,
ha?, 100% NPK + Borax @ 0.2% and 100% NPK +
2.5t FYM had which recorded significantly higher K
uptake by stover. The lowest K uptake by stover was
recorded in control.

Total potassium uptake by crop:

The effect of different nutrient levelsin K uptake
by the crop was found to be significant. 150% NPK
being at par with 100% NPK, 100% NPK + 40kg S
ha', 100% NPK + 25kg ZnSO, ha* and 100% NPK +
2.5t FYM ha? computed significantly higher K uptake
by the crop than remaining treatments. The lowest K
uptake by the crop was recorded in control. Nutrient
levelsdiffered significantly with the uptake of nutrients
by the crop. In 150% NPK plot the uptake of nutrients
was 82.4, 36.6 and 152kg of N, P and K ha? as against
24.2, 11.1 and 47.9kg ha?, respectively in the control
treatment. However, control plot recorded low as
compared to other treatments. Since nutrient uptakeisa
numerical product of nutrient content and dry matter
accumulation which was low under control than other
treatments. Higher nutrient uptake might be attributed
tomore proliferation of root system and higher dry matter
accumulation by individual plant which in turn yielded
higher in comparison to other treatments. Nutrient per
cent invarious plant partsaswell astotal nutrient uptake
by the crop remained higher under higher rates of nutrient
application. The significant improvement in uptake of
these nutrients coupled with increased seed and stover
yields increased the total uptake of N, P and K
substantialy.

Protein content in seeds and protein yield: Protein
content in seeds:
The data on protein content in seeds are presented

Table 15: Protein content in seed and protein yield asinfluenced by different nutrient levels

Treatments

100% K

100% N

100% NK

100% NP

50% NPK

100% NPK (RDF)*

150% NPK

100% NPK+ S @ 40kg/ha

100% NPK+ZnSO, @25kg/ha
100% NPK+ Borax @ 0.2% (foliar)
100% NPK+ FYM** @ 2.5t/ha (Dry weight)
Control

SE+

C.D. (P=0.05)

Protein content (%) Protein yield (kg ha)
18.3 171.6
184 191.3
185 201.2
20.2 214.8
18.6 220.8
19.5 236.8
19.9 306.0
18.8 250.3
20.1 261.6
18.6 230.2
19.6 267.3
17.9 94.3

0.9 11.8
NS 34.5

NS= Non-significant
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in Table 15. The effect of different nutrient applied on
protein content was found to be non-significant.
However, the maximum protein content was found under
theapplication of 100% NP. The minimum protein content
wasrecorded in control plot. Application of 100% NPK
+25kg ZnSO, ha™ and 150% NPK ranked second and
third, respectively, after 100% NP. The increase might
be due to higher nitrogen content in seeds of these
treatmentsasit isamathematical value calculated from
nitrogen content of seeds, asincreasing nitrogen levels
increases the protei naceous substance in seeds.

Protein yield:
The effect of different nutrients on protein yield
wasfoundto besignificant. Theproteinyield wasfound

significantly superior under the application of 150% NPK
than other remaining treatments. Thelowest proteinyield
was recorded in 100% K treatment being at par with
100% N and 100% NK after the control plot. It is a
function of protein content in seeds multiplied by seed
yield per hectare. Increase in the seed yield, increases
theproteinyield.

Oil content in seeds and oil yield: Oil content in
seeds:

None of the nutrient levels was able to bring
significant difference in oil content in the seed. Qil
content in seeds was determined by using Soxhlet’s
extraction method which remained non-significant.
Higher concentration of oil in seedsat 100% K followed

Table 16: Oil content in seed and ail yield asinfluenced by different nutrient levels

Treatments Qil content (%) Qil yield (kg ha?)
100% K 41.3 504.5
100% N 409 5111
100% NK 41.1 629.0
100% NP 40.7 566.0
50% NPK 40.6 448.6
100% NPK (RDF)* 40.7 522.1
150% NPK 40.5 736.0
100% NPK+ S @ 40kg/ha 41.0 595.0
100% NPK+ZnSO, @25kg/ha 40.8 596.4
100% NPK+ Borax @ 0.2% (foliar) 40.8 6315
100% NPK+ FYM** @ 2.5t/ha (Dry weight) 40.7 655.5
Control 40.3 2514
SE+ 0.20 21.0
C.D. (P=0.05) NS 61.6

NS= Non-significant

Table 17 : Cost of cultivation, grossreturn
Treatments

Cost of cultivation Rs./ha)
100% K 21223
100% N 21120
100% NK 21700
100% NP 21238
50% NPK 21355
100% NPK (RDF)* 21860
150% NPK 22178
100% NPK+ S @ 40kg/ha 30015
100% NPK+ZnSO, @25kg/ha 21612
100% NPK+ Borax @ 0.2% (foliar) 23160
100% NPK+ FYM** @ 2.5t/ha (Dry weight) 34200
Control 19545

Grossreturn (Rs/ha)  Netreturn (Rs/ha)  Return per rupee invested
24216 2993 0.14
32372 11252 0.53
34054 12354 0.56
33030 11792 0.56
42191 20866 0.98
37930 16070 0.74
47893 25715 111
41241 11226 0.37
40535 18923 0.88
38560 15400 0.67
37036 2836 0.08
16430 -3115 0.16
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by 100% NK and 100% NPK + 40kg S ha' treatments
resulted in higher values of oil content in respective
treatments. Increase in oil content on K application is
attributed to increasein the activity of enzymesinvolved
in fat synthesis. Positive effect of S along with P and
other nutrients on oil content is because of P asitisa
constituent of phospholipids and also essential for oil
synthesis.

Oil yield:

The effect of different nutrients on oil yield was
found to be significant. The oil yield was found
significantly superior under the application of 150% NPK
than other remaining treatments. Thelowest oil yield was
recorded with the application of 50% NPK treatment
being at par with 100% K, after the control. Qil yieldis
the function of oil content in seeds multiplied by seed
yield per hectare. The higher the seed yield, the higher
wastheoil yield.

Net return:

The data on economic studies revealed that the
maximum net return were made under 150% NPK levels
Z 25715.00, whereas, the minimum remai ned under the
100% NPK + 2.5t FYM ha T, treatment Z 2836.00,
after the control plot, where no net gain was observed.

Return per rupee invested :

The data pertaining to return per rupee invested
has been summarized in Table 17. The maximum return
per rupeeinvested i.e. 1.11 was obtained at 150% NPK
nutrient level, whereas, the lowest return per rupee
invested i.e. 0.08 was obtained at 100% NPK + 2.5t
FYM hat treatment, after the control plot. The results
of present investigation indicate appreciablevariationin
net return due to different nutrient levels. It might be
duetofact that 150% NPK got themaximumgrossreturn
i.e., Z 47893.00. In general, net return and return per
rupee invested is a function of total cost of cultivation
and gross returns per hectare. The higher the cost of
cultivation, the lower was the net return.

Conclusion :

The soil of the experiment sitewas silty clay loam
in texture having medium organic carbon (0.34%), low
in available nitrogen (184kg ha' ), mediumin available

* % K K Kk ofExc§

phosphorus (20.60kg ha?') and medium in available
potassium (184kg ha') contentswith slightly alkalinein
reaction (pH 8). The experiment, comprising of twelve
treatments viz. T, (100% K), T, (100% N), T, (100%
NK), T, (100% NP), T, (50% NPK), T, (100% NPK),
T, (150% NPK), T, (100% NPK + S @ 40 kg/ha), T,
(100% NPK + ZnSO,@ 25kg/ha), T,, (100% NPK +
Borax @ 0.2% (foliar), T,, [100% NPK + FYM @ 2.5t/
ha (dry weight)] and T, (control) was conducted in
Randomized Block Design with threereplications. Indian
mustard, variety NDRE 4, was sown in rows, 30 cm X
15cm apart on October 16, 2016 and harvested on
February 27, 2017. During crop period, atotal rainfall of
480mm was received. Based on the findings of the
present study, it can be inferred that increasing the
nutrient dose to 150% NPK (RDF = 120: 60: 40 kg N,
P,O, and 1(20 ha) resulted in achieving more seed,
protein and oil yield of mustard during Rabi season.
Since, these findings are based on one season datg;
investigation needs to be further validated before
recommendation to the farming community.
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