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Abstract: The field experiment was laid out in split plot design with three replications, assigning in 27 treatment com-
binations i.e. three sowing dates of Pop corn (Zea mays everta Sturt.)cv. V.L. Amber (15 Dec, 30 Dec and 15 Jan)
arranged in main plots and three level of plant population (60000, 80000 and 100,000 plants ha™) in sub plot. Three
level of fertility (100:50:50, 150:65:65 and 200:85:85 kg of N: P,Os: K,0O ha™) apportioned in sub-sub plots at the Re-
search farm, Institute of Agricultural Sciences, BHU, Varanasi (U.P.) during late winter (rabi) seasons of 2009-10 and 2010-
11 to study the influenced of planting time, fertility level and plant population on yield attributes, grain yield and eco-
nomics of winter popcorn (Zea mays everta Sturt.) under late sown condition. The popcorn sown on 15" December
recorded highest plant height, leaf-area index, dry matter, popcorn growth rate, yield attributes and yield of pop corn
were significantly (P<0.05) affected and recorded highest benefit cost ratio (3.78). While, the maintenance of 80,000
popcorn plants/ha proved optimum for pop corn as it significantly (P<0.05) recorded highest number of kernel cob™,
grain yield (32.61 g/ha) and shelling percentage against density of 60,000 plants, while remained at par in straw
yield over 100,000 plants. Application of 200: 85: 85 kg N: P,0s: K,O/ha significantly (P<0.05) increased growth,
yield attributes and grain yield over 100: 50: 50 and 150: 65: 65 kg N: P,0Os: K;O/ha and fetched the highest B: C
ratio (3.14).
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INTRODUCTION only in Bihar but also in other states (Singh, 1998

s introducti f hiah vieldi evisrth Presently, winter maize is being grown in an arta o
In cereals, introduction of high yielding maizewsrt about 1.2 million ha with the grain production 008

exploring for enhancing the food production. Théitgb million tones, and at an average productivity @fo4t

of the maize popcorn to grow in different seasomd a hat (DACNEir 2012) in India.

high productivity ofrabi/winter andspring maize give it Among differént groups or types based on the en-
an added advantage for inclusion in the croppirsgesy dosperm of kernels, Pop corzief mays var. everta) is

as de”?"%“d for more food production. As the wintarze perhaps the most primitive of the surviving race of
are gaining popularity among farmers and multimetie corn. It is a most popular foodstuff in peri-urbameas
because of lower photo respiration losses dueverlo ;. big cities of all over the world and that callée
night temperatures as well as larger leaf surfaceffec- king of nutritious snack food. This corn type isachc-
tive photosynthetic activities. Maize is grown tigbout terized by a very hard, corneous endosperm contgini
the year mainly due to photo-thermo-insensitiveratia only a small portion of soft starch. Time of sowisg

ter, hence called ‘qu.een of cereal . . non monetary input plays significant role in protioe
Under such changing climate scenario, maize is congpg productivity of any popcorn (Verneaal. 2012).
sidered to be a best alternative to whediao orrabi  htimum plant density is another important factr f
rice due to Its high pqten_tlal Wh.'Ch h?‘S openedaup high grain yield. Yield can be increased with iraged
viable alternative. Cultivation during winter isdmen- plant density up to a maximum for some maize geno-
ing a common practice in peninsular India (Andhra ,oq grown under a set of particular environmental

Pra(:]esh, Karnalta_ka ang Tamil Na((jju_),_as _weII "_’lbdr_' t management conditions and declines when plant den-
north-eastern plains under ensured irrigation dai sity is increased further (Tollenaerr al., 1994). Pop-

(Slngh eal, 2012)_‘ Because of its yield p_otentlal aS corn is exhaustive popcorn which requires all types
h'gh as 10 tol2 t g and further increase in produc-  acro and micro nutrients in order to get bettemgh

tivity substanﬂally up to 18 t.Hav_wth .bet.ter manage- - and exploit yield potential. Among the various iutr
ment, the winter maize cultivation in increasingt no ents, nitrogen is the principal nutrients which wtio
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be applied@ 150 kg N/ha in order to have better har The data were analyzed statistically for compathrey
vest (Konget al., 2008). The efficiency of nitrogen treatment means. Five plants in net plot were remygo
utilization is better irRabi than inKharif season, pri- selected and tagged for recording the biometri@oebs
marily because of better water management and lowevations at different stages of growth. However, for
leaching losses. With better fertilizer response, i measuring dry matter accumulation, two plants from
should be possible to substantially reduce the obst the border rows were randomly selected. The observa
production of every tone of popcorn producedabi tions on growth attributes were recorded at a mgnth
season. Keeping in view the economic importance ofinterval i.e. 30, 60, 90, 120 days after sowing @A

rabi popcorn, it is now becoming popular as a non-and at harvest. Yield attributes and yield weralistl

traditional popcorn under irrigated ecosystemal be

before and after harvesting as per investigation re

very well accommodated during winter season in thequired.

area where planting time oébi popcorns particularly

Plant height (cm) : Height of the randomly selected

wheat are much delayed than the normal due to mangnd marked five plants was measured at 30 days inte

constraints undergoing the area. In view of thevabo
facts, therefore the present study was plannegatue
ate the planting time among different populatiom-de
sity at different levels of inorganic sources offtifey
levels on growth, yield attributes, yield and ecoits
of popcorn under late sown condition.

MATERIALSAND METHODS

The field experiment was laid out in split plot s
with three replications, assigning in 27 treatmeorm-
binations i.e. three sowing dates (15 Dec, 30 Det a
15 Jan) arranged in main plots and three levelanftp
population (60000, 80000 and 100,000 plantd) ha
sub plot. Three level of fertility (100:50:50, 166:65
and 200:85:85 kg of N: Ps: K,O ha') apportioned
in sub-sub plots at the Research farm, Institut&grfcul-
tural Sciences, BHU, Varanasi (U.P.) during latetevi

val and at harvest. The plant height was measuoed f
the base of the plant to the base of the fully egeiop
leaf until cob emergence. Later the plant height wa
measured from the base of the plant to the colfar o
flag leaf and expressed in centimeters.

Leaf area index (LAI): - was obtained by the follow-
ing formula Hunt, 1978).

LAl = (Leaf area (cm)) /(Land area covered by plant (cm?)

Dry matter accumulation plant™ (g): The randomly
selected five plant at all the stages form bordersrin
each plot were cut from the ground levels; sunddaied
then transfer to a thermostatically controlled dmen,
regulated at temperature of°@0for about 24 hours to
obtain constant dry weight. Thereafter, the aveduye
weight per plant was recorded. Then average drghwei
per plant was recorded and reported in (g) plant

(rabi) seasons of 2009-10 and 2010-11. The soil of eXperiPopcorn growth rate (g day™): Popcorn growth rate

mental field was sandy clay loam in texture with P8,
0.35 % organic carbon and low in available nitro@ea,

(CGR) is the gain in dry matter production on a i
land in a unit of time. CGR was observed at 30 days

21.02 and 228 kg/tud available phosphorus and potassium, jnterval and at harvest (Watson, 1958).

respectively by analyzed soil samples for availddle

(Estimated by Alkaline permanganate method, Subbiah

and Asija, 1973), s (Olsen method, Olsen,.’s

Wi -wi
t2-t1

CGR (g days) =

1954) KO (Flame photometer method, Jackson, 1973) Where

and potassium. Popcorn cultivar “V.L. Amber” was
sown by opening 5 cm deep furrow 60 cm apart seeds

were placed at a distance of 27.8 cm, 20.8 cm &rfal 1
cm to maintain the required plant population o080,

W= dry weight per unit area at t
W=dry weight per unit area at t
£ first sampling, and

2= second sampling.

80,000 and 100,000 plants/ha. The nutrient sourceXernels row™ : The number of kernels counted in

used were, 174.86: 80.44:83.33

kg/ha, rows of 5 cobs averaged to get the number of kernel

270.79:141.30:108.33 kg/ha and 362.47:184.78:141.6er row.
kg/ha for Urea: DAP (Di-ammonium phosphate) and Shelling percentage: The weight of five cobs was

MOP (Muriate of potash) to fulfill the 100:50:50,
150:65:65 and 200:85:85 kg N,® and KO ha’,
respectively. The total quantity o$®s requirement of

recorded and then they were shelled. The grainbso o
tained from the cobs were weighed and based o thes
two observations the shelling percentage was calcu-

and KO along with 1/3 N (as per treatment) were ap-|ated as per the following formula.

plied as basal at the time of sowing. A blanketliapp
tion of zinc sulphate @ 25 kg/ha was applied tdtsdl

Shelling percentage = (Weight of grains ¢bfotal
weight of cob) x100

experimental plots as per recommended package ofrain yield (q ha'): The cobs were stripped off their

practices. The remaining quantity of N was top skees
in two equal splits at knee height and tasseliages.

husk and air dried for one week and then these were
shelled separately. The shelled grains were cleandd

Others compulsory activities viz. intercultural and sun dried to obtain a constant weight. This gawe th
plant protection measures were applied as needibaseyield in kg plot! and then it was computed in to yield
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:cn quintals hectaré by multiplying with a conversion RESUL TS AND DI SCUSSION
actor of 11.11.

Stover yield (q ha®): The plants of each plot were cut Planting time: During the present study, different date
from ground level after removal of the cobs. The of planting significantly (P<0.05) influenced the
stover was allowed to sun dried to obtain a comstangrowth and yield attributing characters (kernel/ramd
weight which gave the stover yield in kg ptoand kernels/cob) and 15Dec recorded maximum plant
then it was computed into quintals hectaby multi- height, leaf area index, dry matter production ptan
plying with a conversion factor of 11.11. and popcorn growth rate than"8an. However, the
Economics : The cost of cultivation, gross return, net plant height of 30 Dec was remained at par over"15
returns and benefit cost ratio, of different treamts  Jan and closely followed f5Dec during the study
were worked out on the basis of prevailing market(Table 1). The comparatively higher rate of phgtes
prices. Power and labour for different operatioms i thesis and low rate of thermo-photo effect caused
ploughing, harrowing, sowing, weeding, harvesting, higher conservation of photosynthates, which im tur
shelling etc. were calculated has per normal rates concomitantly with favourable climatic conditions
prevalent at the research farm, B.H.U. Varanase Th provided more height to the popcorn planted off 15
cost of fertilizers and seeds were considered akaha December. The early planting significantly increhse
price. Net return (Rs. H and benefit cost ratio, were the plant height is in agreement with the results o
computed with the help of following. Jafari (2010) on forage millet and Moosasti al.,
Gross return (Rs. ha'): The yield of winter popcorn  (2012) on forage corn. As a result a significant
was converted into gross return in Rs? lea the basis  (P<0.05) improvement in the plant height accounted

of current price of the produce. maximum value of leaf area index and dry matter pro
Net returns (Rs. ha?): Net Return (Rs.) = Gross re- duction in popcorn growth of popcorn. On the con-
turn (Rs. hd) — Cost of cultivation (Rs. Fa trary, the popcorn planted on"3®ecember and 15

Output input ratio/Benefit cost ratio (B: C) or BCR January experienced the effect of uncongenial lod/ a
Net return (Rs. 3 high_temperature coincided with the gromh and oepr
ToTaT CoSToT oUTIvaTion ductlve_ phas_es of the popcorn, re_spectw_ely and re-
(Rs. ha) sulted in untimely and forced_ maturity r_ea_lllzed ow
LAI and popcorn growth rate in study. Similar trewid
Statigtical analysis : To test the significance, the ex- effect has also been advocated by Sutaliya andhSing
perimental data collected on various aspects of thg2005) in experienced on winter corn sown off Dec
investigation on maize and soil were statisticalha- & 30" Dec at Varanasi.
lyzed with the procedure described by Cochran & CoxMoreover, the yield attributes such as kernel pav r
(1967) and adopted by Cheema and Singh (1991) irand kernel per cob was significantly increased with
statistical package CPCS-1. All the comparisonsewer planting on 15 Dec planting over 30 Dec and 1%
made at 5% level of significance. Jan and it could be due to better growth of popcorn

Benefit cost ratio =

Table 1. Growth and yield attributing characters of wintepporn as influenced by planting time, plant popaiaand fertility
levels (Pooled data).

Treatment Plant height L eaf Plant dry Popcorn Kernd / Kernd/ Shelling
(cm) Area wt. growth rate row cob per centage
Index (g/plant) (g/unit/time)

Planting time

15" December 169.90 3.87 224.69 2.64 33.35 372.88 76.69
30" December 163.15 3.41 211.98 2.10 30.55 329.43 71.65
15" January 155.85 2.74 203.97 1.53 27.40 273.12 66.68
S.Emt 3.15 0.09 2.61 0.02 0.60 9.06 1.06
C.D.(P=0.05) 9.45 0.25 7.83 0.07 1.85 27.17 3.17
Plant population (Plant/ha)

60,000 158.60 3.30 203.30 2.08 29.70 350.23 73.86
80,000 166.45 4.19 220.95 2.26 31.80 380.48 74.92
100,000 170.90 2.53 211.89 2.17 27.05 321.22 72.74
S.Emt 3.15 0.09 2.61 0.02 0.60 9.06 1.07
C.D.(P=0.05) 9.45 0.25 7.83 0.07 1.07 27.17 NS
Fertility level (N, BOs and K0O/ha)

100: 50: 50 157.80 3.09 185.23 1.45 26.50 323.42 68.69
150: 65: 65 165.45 3.43 214.20 2.04 29.95 362.60 72.82
200: 85: 85 173.15 3.75 235.71 2.78 33.25 401.92 77.52
S.Em+t 2.40 0.08 1.37 0.09 0.60 12.60 0.97
C.D.(P=0.05) 6.85 0.24 3.92 0.24 1.80 36.13 2.79
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Table 2. Yields and economics of winter popcorn as infllehby planting time, plant population density aadility levels

(Pooled data of two years).

Treatments Grain yield Stover yield Cost of culti- Grossreturn Net return B:C
(g/ha) (a/ha) vation (Rs/ha) (R¢/ ha) ratio
Planting time
15" December 33.76 5141 35374 168800 134456 3.78
30" December 28.57 47.61 37249 142850 105601 2.84
15" January 25.34 44.44 39318 126700 87382 2.22
S.Emz 0.65 0.89 3117 3109 0.08
C.D.(P=0.05) 1.94 2.67 9345 9321 0.23
Plant population (Plants/ha)
60,000 26.76 45.755 35353 133800 98447 2.78
80,000 32.61 47.955 37598 163050 125452 3.34
100,000 29.29 49.74 38991 146450 107459 2.76
S.Emz 0.65 0.89 3117.3 3109 0.06
C.D.(P=0.05) 1.94 2.67 9345 9321 0.19
Fertility level (N, BROs and K0/ha)
100: 50: 50 25.69 43.825 35283 128450 93167 2.64
150: 65: 65 30.53 47.79 37228 152650 115422 3.10
200: 85: 85 34.94 51.835 39430 174700 135270 3.43
S.Emz 0.59 0.675 2856 2862 0.08
C.D.(P=0.05) 1.70 1.94 8193 8207 0.23

Similarly, the grain yield was also increased digni
cantly with the sowing of popcorn on™ Becember that
late and very late sown popcorn (Table 2). Kolaveble
al., (2009) reported that these enhancement migtitibe
to the better translocation system in popcorn péamt
hance the production of yield due to the fact taad
photosynthates accumulated in leaves and its éaisf
economic part like grains, cobs etc. a fact thédigate
of photosynthesis resulted highest yield attributas-
ther, the planting at f5Dec also fetched highest net re-
turn and benefit: cost ratio (3.83) followed by"3Dec
and 1%' Jan due to higher grain yield.

Plant population: During the present study, different
plant population had significant variations in plan
height, LAI, dry matter production and popcorn
growth rate during study (Table 1). The populatidn
80,000 plants/ha registered significantly (P<0:06)e

sity (83333 plants/ha). Further, dry matter progturct
increased with increasing popcorn plant densitynfro
60,000 to 80,000 plants/dae to more leaf area/unit as
the canopy expanded more rapidly resulted more-inte
cepted radiation produced more dry matter (Singh an
Choudhary, 2008). Further increase in plant popmiat
up to 100,000 plants/ha progressively dry matter de
creased as the number of plants increases in a give
area because the growth of individual plant is cedu
reported by Hamidiat al., (2010).

The yield attributesiz., kernel per row, kernel per cob
and grain yield of popcorn during present studyewer
significantly (P<0.05) influenced by plant denstie
(Table 1 and 2). The significant (P<0.05) increase
kernel number/row and kernel /cob noticed at a popu
lation of 80,000 plants/ha (31.59) compared to Q00,
plants and 60,000 plants/ha. Abuztral. (2011) re-

LAI, dry matter production and popcorn growth rate ported in maize at plant population of 60,000 Héra

over 60,000 and 100,000 plants/ha. While, the vafue

during July than 80,000, 100,000 and 140000 plants/

popcorn height was remained at par with 100,000ha. The reason might be attributed to the avaitgmf

plants and closed to 60,000 plants/ha. Increasauat pl

better resources in low to medium plant density. In

height at high population density (100,000 popcornhigh plant density, the number of individual plapes

plants/ha) has not contributed to increased drytenat
This clearly indicates that increase in numberlah{s
per unit area beyond optimum level certainly reduce
the amount of light availability to the individuebrn,
especially, to lower leaves due to shading. Asithe

area is increased beyond the optimum plant density,
there are severe consequences that are detrimental
ear ontogeny that result in barrenness (Sangoil)200
In terms of yield, during present study grain yi@iel
creased significantly (P<0.05) with increases ianpl

tensity of shading increases due to high populationdensities and recorded maximum up to 80,000 plants

densities, the plant tends to grow taller. Suchieiase
in height of the sweet corn plant at high populatio

ha' (32.61 g/ha), but decreased at the highest plant
density (100,000 popcorn plants/ha). The grossmetu

densities (111111 plants/ha) was reported by Asholand net return of popcorn was also maximum with

Kumar (2009) during experiment at New Delhi. Chan-

80,000 plants/hand fetched highest benefit cost ratio

dankaret al. (2005) from an experiment conducted on (3.34) compared with 100,000 plants/ha and lowest

clay soils of Akola reported increase in plant heigf

maize hybrid (Pro Agro 4640) with higher plant den-

sity (111111 plants/ha) than with lower plantinghde

being with 60,000 plants/ha in density. Sankaataad .,
(2005) opined that application of plant populatioi
83333 maize plants/ha obtaining the maximum produc-
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tivity and B, C ratio in maize. 15" December with planting of 80,000 plants/ha along
Effect of fertility levels. During the present study, Wwith application of 200, 85, 85 kg of N,,® and
fertility level had marked effect on all the growair ~ K>O /hasignificantly (P<0.05) influenced growth pa-
tributing characters (plant height, leaf area indexi  rameters, yield components, yield, net return an€ B
plant dry weight) of popcorn. Increasing fertiligvels ~ ratio over those sown on rest date of sowing alwitig
significantly (P<0.05) affected the plant heighdah  plant population as well as fertilizer levels. &ncbe
was maximum at 200, 85, 85 kg of N\(RB and KO/ gown upto 18 December with above given population
ha of fertility level of popcorn growth. The higher and fertilizer levels instead of wheat in rice- aherop-
level of fertility accomplished the requirementhmfl-  ping system by farmers in based of commercial view.
anced popcorn nutrition and caused rapid divisioth a
elongation of cells that resulted in improvement in ACKNOWLEDGEMENTS
plant height. Similar effect of fertility levels gplant ~ The authors are thankful to the Head of the departm
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