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ABSTRACT

The experiment was carried out at the Horticultural Research Sation, Mondouri, Bidhan Chandra Krishi Viswavidyalaya,
Mohanpur, Nadia, West Bengal during the year 2013-14 and 2014-15. The variety ‘Hissar Sonali’ was taken under the study.
Three levels of each nitrogen (40, 60 and 80 kg hal), phosphorus (60, 80 and 100 kg ha*) and two levels of potassium (20 and
40 kg ha) were included in the investigation. There were altogether 18 treatments. The experiment was laid out in factorial
randomized block design with three replications. Among different treatment combination maximum plant height was observed
with N_ P, K, (108.17 cm) at 105 DAS Plants grown under NP, K,  combination, exhibited maximum number of primary
branch (8.72) per plant. The minimum days required for 50 per cent pod formation was noticed in N, P, K, (68.12 days). The
yield attributing parameters like maximum number of pods plant? (76.48) and seed yield plant® (14.36 g) were observed in
N,,PgK,, combination. Maximum projected yield (17.20 g ha™) was recorded in N, P, K, followed by N, P, K, (16.31 g ha)
andN_P, K, (15.80 g ha) ascompared to lowest yield of 11.70 g ha* under N, P K., combination. In majority of parameters,
the increasing trend was noticed with medium level of nitrogen (N,;) and phosphorus (P,) but positive response was observed

with higher level of potassium. From yield maximization point of view, the most effective treatment was NPK @ 60:80:40 kg har

1 followed by NPK @ 40:80:40 kg ha! and NPK @ 60:100:40 kg ha* under alluvial plains of West Bengal.
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Fenugreek (Trigonella foenum-graecum L.) is an
important minor spice grown for its seed and leaves.
Seeds are used as a condiments for flavoring of foods
and leaves as vegetables. Fenugreek seeds and leaves
arerichinmineral, protein and carbohydrates. Fenugreek
is supposed to be a multipurpose crop. It has been used
infolk medicinefor centuriesfor awide range of disease.
Itisused for treatment of flatulence, dysentery, diarrhoea,
enlargement of liver and spleen, rickets, diabetes and
many other (Duttaet al., 2011). Fenugreek isalso agood
soil renovator and has widely been used as a green
manurein agricultural production. Indiahas attained the
status of major producer and exporter of fenugreek.
Fenugreek being alegume crop, is a heavy feeder of P,
though it make use of atmospheric nitrogen through
symbiotic fixation to meet a mgjor part of its nitrogen
needs. It respondswell to both nitrogen and phosphorous
application (Pareek and Gupta, 1981). However,
information is lacking under new alluvial zone of West
Bengal. An effort was, therefore, made to find out the
optimum rate of N, P and K for maximization of yield.

MATERIALSAND METHODS

The experiment was carried out at the HRS,
Mondouri, BCKV, Mohanpur, Nadia, West Bengal
during the year 2013-14 and 2014-15. The variety
‘Hissar Sonali’ was taken under the study. The soil at
the experimental field was Gangetic alluvia with sandy
clay loam texture, good water holding capacity, well
drained with moderate soil fertility statusand soil pH of
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6.9. The organic carbon, total nitrogen, available
phosphorus and potassium contents are 0.63, 0.084 per
cent, 18.07 kg ha' and 194.80 kg ha, respectively. The
seeds were sown during 1st week of November in 2.0 x
1.5 mplot at 30 x 10 cm spacing during both the years.
Standard package and practices were followed during
the growing period of this crop.

Three levels of each nitrogen (40, 60 and 80 kg
ha), phosphorus (60, 80 and 100 kg ha) and two levels
of potassium (20 and 40 kg ha') were included in this
investigation. The doses of fertilizer were adjusted with
the application of urea, single super phosphate and
muriate of potash. There were altogether 18 treatments.
The experiment was laid out in factorial randomized
black design with three replications. All experimental
plotsreceived auniform dose of FYM at 15 tonneshat.
FYM, % dose of nitrogen, full dose of phosphorus and
full dose of potash were applied as basal and the
remaining ¥z dose of nitrogen was applied 30 days after
sowing (DAS) as topdressing. Harvesting was done
during end of March.

The observations were recorded on five randomly
selected plants from each plot on different growth and
yield parameters. Plant height was recorded at 105 day
after sowing. The projected yield per hectare was
calculated on plot yield basis after deducting 25 per cent
area utilized for channel, ridges etc. Data recorded on
different parameters of fenugreek for both theyearswere
pooled together and analyzed statistically to expressthe
result.
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Table 1: Individual effect of NPK on growth parameters of fenugreek

Plant height (cm)
Treatments

No. of primary Daysto pod formation

branches plant!

2013-14 2014-15 Pooled

2013-14 2014-15 Pooled

2013-14 2014-15 Pooled

Nitrogen (kg ha)

10 86.93 90.18 88.55 6.25 6.18 6.22 71.79 75.15 73.47
Nego 93.21 9456 93.88 7.02 6.91 6.97 8282 7833 8058
N300 95.72 96.40 96.06 6.94 7.04 6.99 75.81 80.73 78.27
SEm (£) 0.197 0.366 0.150 0.165 0.165 0.091 0.218 0.221 0.167
L SD (0.05) 0.568 1.053 0.433 0.475 0475 0.263 0.627 0.635 0.465
Phosphorus (kg ha'l)

Pso 85.06 87.95 86.51 6.16 5.01 6.02 72.36 73.57 72.96
Pso 92.27 97.16 94.72 7.24 7.35 7.29 78.09 81.63 79.86
Pioo 98.52  96.02 97.27 6.81 6.90 6.85 79.99 79.00 79.50
SEm (%) 0.197 0.366 0.150 0.165 0.165 0.091 0.218 0.221 0.167
L SD (0.05) 0.568 1.053 0.433 0.475 0475 0.263 0.627 0.635 0.465
Potassium (kg ha'?)

Ko 8350 89.31 88.91 5.97 5.88 5.93 7731 7955 78.43
Ko 95.40 98.11 96.75 7.48 7.54 7.51 76.30 76.59 76.43
SEm (1) 0.161 0.299 0.123 0.135 0.135 0.074 0.178 0.180 0.132
L SD (0.05) 0.464 0.860 0.3%4 0388 0388 0.214 0512 0519 0.380

RESULTSAND DISCUSSION

Observations on different growth and yield
parameters were presented in table 1 and 2. The
significant variations were noticed in both individua
effect and in interaction effect. Increasing height with
the increasing level of all three nutrients were also
observed. The height increased from 88.55 to 96.06 cm
with N, to N, from 86.51 to 97.27 cmwith P, to P,
and 88.91t0 96.75 cm with K, to K, respectively. As
per interaction maximum plant height (108.17 cm) was
recorded in NP, K, followed by N, P, K, (103.17
cm), NPy K, (102.88 cm) and N P, K., (101.36 cm)
but they were at par. Thelowest plant height (78.14 cm)
was found at N, P, K, combination. Plant height
increased with increasing nitrogen doses. A positive
response to nitrogen application was also reported by
Tuncturk et al. (2011) and Mehta et al. (2012). This
might be due to early and abundant availability of
nitrogen leading to better nutritional environment inthe
root zone for growth and development of plant. The
findings of thisinvestigation arein close conformity with
those of Halesh et al. (2000) and Mavai et al. (2000)
who al so recorded higher plant heightsin fenugreek from
higher phosphorus doses (75 and 90 kg P hat
respectively). In different studies related to phosphorus
dosesin fenugreek, Jat (2004) and reported that highest
valuesin different parameters of fenugreek were obtained
from 120 kg P ha. Phosphorus plays an important role
in root development and proliferation as well asit also
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improvesroot noduleformation and biological N fixation
by supplying assimilates to the roots. Increased
availahility of phosphorus owing to its application in
the soil, improved nutrient availability. The applied
phosphorusincreased nitrogenase activity of roots, which
enhanced the root nodulation and created congenial
environment for plant rhizosphere that resulted
increasing physiological growth parameters. Increasein
plant height due to application of 30 to 90 Kg P,O, ha*
in fenugreek has been reported by Tuncturk (2011).

Therewasasignificant difference among the different
levels of nitrogen in respect of number of primary
branches plant?. Increasing trend was noticed with
increasing level of nitrogen. The maximum response of
phosphorus was noticed with its medium level (7.29
branches plant®) but higher dose of potassium gave
maximum number of primary branches (7.51 plant?).
Similar results have also been reported by Tuncturk et
al. (2011). Among the interactions, maximum number
of primary branches (8.72) was noticed with NP, K/
followed by N P, K, (8.45), N, P, K, (8.35) as
compared to minimum number of branches (4.90) under
N,,P10K,, cCombination.

In both nitrogen and phosphorus, increasing the level
from N, to N, and P, to P, caused delayed pod
formation from 73.47 to 80.58 days and 72.96 to 79.86
days respectively but further increase to highest level
i.e, Ny and P, did not delayed the pod formation
markedly. The opposite trend was noticed in case of
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Table 2: Interaction effect of NPK on growth parameter of fenugreek

Plant height (cm)

No. of primary Daysto pod formation

Treatments branches plant!

2013-14 2014-15 Pooled 2013-14 2014-15 Pooled 2013-14 2014-15 Pooled
N,0PsoK 50 7341 8287 78.14 492 5.40 5.16 68.28 7442 7135
N,0PsoK o0 8294 89.60 86.27 5.08 5.52 5.30 7315 7919 76.17
N,oP20oKoo 91.72 9438 9305 516 468 190 7832 69.78 74.05
NeoPsoK 0 8156 87.08 8432 58 548 565 7426 7818 76.22
NeoPso0 8604 8112 8358 705 663 6.84 8135 8557 83.46
NeoP1ooK 20 9436 84.12 89.24 5.42 5.04 5.23 87.93 8221 85.07
NeoPsoK o0 90.75 8629 8852 696 564 630 7463 7987 77.25
NgoPsoK 50 98.30 10442 101.36 682 748 715 7872 8262 80.67
NeoP1ooK0 97.47 9397 9572 675 709 692 80.19  84.07 8213
N,0PsoK 40 86.12 8282 84.50 5.38 5.92 5.65 7246  63.78 68.12
NoPooK 4o 89.45 9307 9126 842 746 7.94 68.35 7877 7356
N40P100K 40 9788 98.36 98.12 8.56 8.14 8.35 7120 8496 78.08
NGOPGE% 20 93.16 9748 95.32 7.23 6.59 6.91 7734 7168 7456
NeoPsoK 10 98.45 106.91 102.68 8.48 8.96 8.72 86.60 79.26 82.93
NeoP2ooKoso 10569 11065 10817 812 878 845 89.46 7306 8126
NgoPsoK ao 8532 9120 8826 667 683 650 68.16 7348 70.82
NgoPsoK 0 98.46 107.88 103.17 7.61 8.07 7.84 80.35 8437 8236
NgoP1ooK 40 104.05 9465 99.35 6.85 7.67 7.26 72.82 79.94 76.38
NxP
SEm (£ 0.341 0.633 0.261 0.189 0.286 0.158 0.377 0.382 0.280
L SD (0.05) 0984 1824 0.751 0.544 N.S. N.S. 1.086 1101 0.806
PxK
SEm (%) 0.279 0517 0.213 0.154 0.233 0.129 0.308 0.312 0.228
L SD (0.05) 0.803 1489 0.613 0444  0.672 0.371 N.S. 0.899 0.658
N x K
SEm (1) 0.279 0517 0.213 0.154 0.233 0.129 0.308 0.312 0.228
L SD (0.05) 0.803 1489 0.613 0.444 0.672 0.371 0.887 N.S. 0.658
NxPxK
SEm (1) 0483 089% 0.368 0.267 0404 0.223 0.533 0540 0.396
L SD (0.05) 1391 2580 1.062 0.769 N.S. 0.643 N.S. N.S. N.S.

potassiumi.e., increase of dosefromK,, to K,  enhanced
the pod formation by two days (78.43 to 76.43 days).
Likeflower formation, delayed in pod formationin case
of nitrogen and phosphorus may be due to the better
plant growth. Among the interactions, earliest pod
formationin 50 per cent plant popul ation took placewith
NP K,, (68.12 days) followed by Ny P, K, (70.82
days) and N, P, K, (71.35 days) as compared to most
delayed pod formation in plants under combination of
N,,P.oK,, (85.07 days) followed by N P, K. (83.46
days) and N, P, K,, (82.93 days).

Investigations concerning to the number of pods
formed plant? showed significant variations among the
different levels and interactions. It is an important
parameter concerning to theyield. Increasedinthelevel
of nitrogen and phosphorus up to medium doseincreased
the number of pods plant™ but further increase was not
found beneficial. Pod number increased from 61.24 to
66.40 and 61.58 to 67.47 with theincrease of level from
N, to N, and P to P, respectively. Further increaseto
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N,, and P, caused reduction in pod number to 66.29
and 64.88 respectively Nitrogen application at thislevel
may stimulating cell division, elongation and ultimately
promoted the vegetative growth and pod formation.
Higher and lower dose of phosphorus than 80 kg ha?
did not favour to obtain the potential number of pods
plant™* which may be due to promotion in extensive root
development and nodulation (Detroja et al., 1996).
Increase in dose of potassium from K20 to K, caused
increase in pod number from 63.13 to 66.15. This night
be due to increase in photosynthetic activities and
maintenance of the proper water balanced in plants.
Similar results was also obtained by Jain et al. (1987).
These findings are a so in the good conformity with the
Sharma (2000) and Halesh et al. (2000) who obtained
highest number of pod plant® with 60 kg ha'. The
favourable effect of phosphorus up to 60 kg ha® on
number of pods plant® also reported by Pareek and
Gupta, (1981) and Data and Verma (2001). Among the
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Table 3: Individual effect of NPK on number of pod plant™ and seed yield of fenugreek

Number of pod plant?
Treatments

Seed yield plant! (g)

Projected yield (g ha®)

2013-14 2014-15 Pooled

2013-14 2014-15 Pooled

2013-14 2014-15 Pooled

Nitrogen (kg hal)

N,o 61.25 61.23 61.24 11.66 11.88 11.77 13.37 13.84 1361
Ngo 67.71 65.08 66.40 11.59 13.22 12.40 13.58 15.63 1461
N300 67.02 65.56 66.29 10.65 11.86 11.25 11.85 1359 12.72
SEm (%) 0.398 0.375 0.263 0.303 0.208 0.167 0.122  0.143 0.098
L SD (0.05) 0.145 1.081 0.758 0.873 0599 0.482 0.350 0412 0.283
Phosphorus (kg ha™)

Pso 62.85 60.32 61.58 9.60 11.56 10.58 11.25 13.14 12.19
Pgo 68.22 66.71 67.47 12.16 13.05 12.60 13.68 1545 1457
Ploo 64.91 64.85 64.88 12.15 12.35 12.25 13.88 1446 1417
S.Em (¥) 0.398 0.375 0.263 0.303 0.208 0.167 0.122 0.143 0.098
L SD (0.05) 0.145 1.081 0.758 0.873 0.599 0.482 0.350 0.412 0.283
Potassium (kg hal)

Ko 62.74 63.53 63.13 10.58 11.36 10.97 12.32 1344 12.88
Ko 67.91 64.39 66.15 12.02 13.28 12.65 13.55 15.27 1441
SEm (z) 0.325 0.306 0.215 0.247 0170 0.137 0.099 0.117 0.080
L SD (0.05) 0.935 N.S. 0.619 0.713 0489 0.394 0284 0336 0.231

interaction maximum pod number was recorded with
Ng,PeoK,, (76.48) followed by N P, K, (69.34) and
NgoPyooK 4o (69.26) as compared to minimum number of
pod with N, P, K. (53.38).

The positive response of nitrogen and phosphorus
upto medium level was observedin seed yield plant™. In
respect of potassium, the higher dose gavethe seedyield
of 12.65 g plant™ ascompared to 10.97 g plant* at 20 kg
ha. Similar result in respect of effect of nitrogen was
also observed by Sharangi et al. (2005) who obtained
maximum seed yield with 60 kg N ha. Some researcher
reported that an increase in the seed yield of fenugreek
was obtained with P doses of 40 and kg ha! (Khiriya et
al., 2001, 2003 and Sheoran et al., 2003). Among the
interactions, maximum seed yield of 14.36 g was
recorded with NP, K, followed by N, P, K, (13.86
9), NgoPooK 4 (13.45 g) ascompared to lowest yield from
Ng,PsoK., (9.15 g) combination.

In sole effect the maximum yield of 14.60 g ha' was
recorded with N at the rate of 60 kg ha?. In respect of
phosphorus and potassium the maximum yield of 14.56
g ha' and 14.41 q ha* were observed with 80 kg P and
40 kg K ha? respectively. Among the interactions, the
maximum projected yield was recorded with N60P, K |
(17.20 g ha) followed by N, P, K, (16.31 g ha') and
Ng,PooK 4 (15.80 g ha') as compared to lowest yield of
11.70 g ha* under N, P, K, combination. The medium
level of both nitrogen and phosphorus with higher level
of potassium was more effective for maximization of
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yield. Both nitrogen and phosphorus applied beyond the
lower dosedelayed mainly because of better performance
of growth parameters like plant height and number of
branching which might have passed through long span
resulted to delay in flowering (Data and Verma, 2001).
Application of phosphorus beyond 80 kg ha! did not
show any positive responsein respect of yield and yield
attributing character. This finding are also in good
agreement with Dataand Verma (2001) who did not get
any positive response of application of phosphorsbeyond
120 kg hat. The better yield and yield attributes with
phosphorus fertilization might be due to its key rolein
root development, energy translocation and metabolic
process of plant, through which increased translocation
of photosynthatestowards sink development might have
occurred.

Increased seed yield was due to increased number
of pods plant* was produced at medium level of nitrogen
and phosphorus. These results are in conformity with
thefindings of Baboo and Sharma (1995). The maximum
plant height (108.17 cm) was observed with medium
level of nitrogen (60 kg hat') with highest level of
phosphorus (100 kg ha?) at 105 days after sowing. A
positive response to phosphorus application may be due
to favourable effect of phosphorus on nitrogen
transformation leading to accumulation and metabolism
of carbohydratesin plants Baboo (1997) reported higher
ratio of phosphorus application increased height of the
plant. similarly positiveresponse of nitrogen, phosphorus
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Table 4: Interaction effect of NPK on number of pod plant™ and seed yield of fenugreek

Number of pod plant?

Seed yield plant-! (g)

Projected yield (g hah)

Treatments

2013-14 2014-15 Pooled 2013-14 2014-15 Pooled 2013-14 2014-15 Pooled
N,0PsoK 50 53.24 61.72 57.48 8.46 10.52 9.49 10.45 1295 11.70
N,0PsoK 50 58.38 62.34 60.36 11.05 11.71 11.38 12.46 13.74 13.10
N,0P100K 50 66.94 57.16 62.05 12.26 11.62 11.94 14.55 13.05 13.80
NeoPsoK20 59.32 56.78 58.05 8.63 9.67 9.15 10.18 10.98 10.58
NeoPsoKoo 7245 66.23 69.34 12.32 13.04 1268 13.95 15.37 14.66
NeoP1ooK 20 63.35 7217 67.76 11.74 1418 12.96 14.07 16.53 15.30
NgoPsoK oo 5582 5094 53.38 8.72 9.76 9.24 10.46 11.14 10.80
NgoPgoKoo 58.14 6298 60.56 11.16 12.08 11.62 13.10 1456 13.83
NgoP1ooK 0 53.26 59.28 56.27 10.85 965 10.25 11.76 1254 1215
N,0PsoK 40 59.84 6252 61.18 10.72 1192 11.32 12.30 14.04 1317
N,0PsoK 40 71.21 6543 68.32 14.07 13.65 13.86 17.17 15.45
N,0P100K 40 60.15 56.17 58.16 13.42 11.88 12.65 15.87 13.75 1481
NeoPsoK 40 67.09 5995 63.52 11.28 12.36  11.82 13.04 1512 14.08
NeoPsoK 40 72.28 80.68 76.48 13.92 14.80 14.36 16.07 1833 17.20
NeoP1ooK 40 66.59 7193 69.26 11.65 1525 1345 14.17 17.43 15.80
NgoPsoK 40 5852 5398 56.25 9.78 12.14 10.96 11.08 1462 1285
NgoPsoK 40 60.13 6459 62.36 10.43 13.01 11.72 11.86 15.24 1355
NgoP1ooK 40 57.15 6047 58.81 12.95 1151 11.23 12.84 1346 13.15
NxP
SEm (%) 0.689 0.650 0.456 0.525 0.360 0.290 0.211 0.247 0.170
L SD (0.05) 1.984 1.872 1.312 N.S. 1.038 0.835 0.607 0.713 0.491
PxK
SEm (1) 0562 0531 0372 0.428 0.294 0.237 0.172 0.202 0.139
L SD (0.05) 1620 1.529 1.071 N.S. 0.847 0.682 0.495 N.S. 0.401
N x K
SEm (1) 0562 0531 0372 0.428 0.294 0.237 0.172 0.202 0.139
L SD (0.05) 1.620 N.S. 1.071 N.S. 0.847 0.682 N.S. 0.582 0.401
N x P xK
SEm (£) 0974 0919 0.644 0.742 0.509 0.410 0.298 0.350 0.241
L SD (0.05) 2805 2648 1.856 N.S. N.S. N.S. N.S. 1.008 0.694

and potassium upto 50 kg ha?, 90 kg ha® and 60 kg
ha! were on number of branches plant* were reported
by Thapa and Maity, (2004), Tuncturk (2011) and Data
and Verma (2001) respectively.

The interaction effects due to N and P application
were beneficial for yield and yield attributes. The
increase in seed yield was associated with a similar
increase in yield attributes. Detroja et al. (1996) have
also shown that seed yield in fenugreek was positively
correlated with the plant height, number of branches
plant?, number pods plant?, number of seed pod! and
test weight. These findings lead us to believe that
fenugreek makes a moderate demand on nitrogen and
phosphate. Detroja et al. (1996) also did not get any
positive response beyond 30 kg N hat and 60 kg P ha.
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Application of 80 kg P,O, ha' resulted in higher plant
height, number of branches plant® and other yield
attributes over 60 kg P,O,. The applied phosphorus
probably increased the nitrogenase activity of roots
which enhanced root nodul ation and created acongenial
environment in therhizospherethat resulted inincreasing
physiological growth parameters. Increase in growth
parameters due to application of 60 kg and 90 kg P,O,
ha! have a so been reported by Bhuniaet al. (2006) and
Tuncturk (2011). From yield maximization point of view
the most effective treatment was NP, K,  (17.20 q
ha') followed by N, P, K, (16.31qha") andN, P, K,
(15.80 g ha') under aluvia plains of West Bengal for
fenugreek production.
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