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Abstract: A study was conducted at the Department of Seed Science and Technology, Dr. Y. S. Parmar University of Horti-
culture and Forestry, Nauni, Solan (H.P.), India during Kharif 2012 to evaluate the effects of the different planting densities
and training systems on plant health (powdery mildew severity) and seed quality of bell pepper cv. Solan Bharpur under pro-
tected conditions (polyhouse). Experiment was laid out in naturally ventilated polyhouse using three different planting densi-
ties (S1- 45x15 cm, S;,- 45%30 cm and S; - 45x45 cm) and four training levels (T; - single shoot, T, - two shoots, T3 -
three shoots and T, - four shoots)with three replicates. The combination S,T, (plants spaced at 45x30 cm and trained to
two shoots) was found superior over all other treatments in terms of seed yields i.e. per plant and per hectare (18.00 g and
959.87 kg, respectively) and was at par with important quality characters. The treatment combination S;T; (plant spaced at
45%45 cm and trained to single shoot) resulted in least powdery mildew severity (21.21 %) and performed best for seed qual-
ity characters viz. 1000 seed weight, germination percentage, seedling length, seedling dry weight, seedling vigour
index-1 & 1l (6.32 g, 95.75%, 10.86 cm, 3.26 mg, 1039.77 and 312.34, respectively) but it gave lower seed yield and
thus it is uneconomic. Therefore, planting density 45x30 cm in combination with two shoot training system can be recom-
mended for commercial seed production of bell pepper under protected conditions.
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INTRODUCTION among the plants for resources and also prevests th
. . diseases to proliferate. By choosing appropriatetpl
Bell_pepper_ belongs_to family solanacea_\e, 1S adafpte density one can properly utilize his land by accanm
a Wlde_ variety of climates but production is concen dating more number of plants over an area. Thelyiel
trated In-a few warm @”d rath‘?r dry areas (Thourayaof sweet pepper has been reported to be dependent o
an_d Le_|Ia, 201.5.)' The diverse _Cllmate of_Ind|a ago  the number of plants accommodated per unit area
-climatic condlpons of the plains sometimes prot@s (Duimovic and Bravo, 1979). Spatial arrangement of
be no_n-conduqve for sgeq production of bell pemﬂ plants is a crop management practice that has been
to various biotic and abiotic stresses. The craps/ig in used to increase yield per unit area in greenhouse
open field are often exposed to fluctuating leeglem- o\ oot nenper (Ahirwar and Hedau, 2015). On therothe
p;]er%tulrle, rain, hum:jdlty, (\j/vmq f|0V\:jetC. V‘;h'Ch mafect  hand, a suitable training system will not only Raate
the bell pepper seed production adversely. better management and uniform light to the plaits,
These compl|c_at|0ns in seed product|0_n can be OVeryiso permit closer planting, early ripening of fsuand
come by carrying out the seed production programmegiVe higher yields of good quality seed. In grearse

in the protected environment with improved agro- p ; : -y
; . L © ell pepper fruit development is controlled by Hiimg)
techniques. Green house, the latest word in Inagai the branching pattern to 2, 3 or 4 main stems €icivi

culture is one such mean, where the plants_arergrowet al., 2004). Training systems varies with different
under controlled or partially controlled environrhen growth habits and plant densities. A good combimati
and thus polyhoqses or greenhouses can be utiized of spacing and training level enhance the air ¢acu
get.the_ higher yle_lds of quality segd. In greenkous o0 which reduces the relative humidity and thus-p
cultivation appropriate cultural practices suclp@t — yont the disease proliferation. Therefore develgpin
densities and training systems are emphﬁs'zed 10 er:‘:lppropriate training and spacing practice under pro
hance the product|V|_ty by utilizing the _avaHabtmse . _tected conditions can positively accelerate thelpco
and resources. Optimum plant density allows doingy;,, jeve| in the same piece of land with similapiits
cultural practices easily and reduces the compatiti as required under open field conditions. Moreover,
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seed production under the polyhouse conditions suitin
agro-techniques has been practiced only in fewscrop
Therefore, keeping in view the above facts, thesgme
study was planned to find out the optimum planting
density and training system for quality seed preduc
tion of bell pepper under the protected conditions.

MATERIALS AND METHODS

The present investigation was carried out in the De
partment of Seed Science and Technology, Dr. YS
Parmar University of Horticulture and Forestry, Nau
Solan duringKharif 2012 in bell pepper cv. Solan
Bharpur. The experiment was laid in Randomized
Complete Block Design (Factorial) in field and com-
pletely randomized design (Factorial) in laboratory
with four replicates. The seedlings were transjgldratt
three planting densities {S45x15 cm, & 45x30 cm
and $- 45x45 cm) in naturally ventilated (top and
side ventilated) polyhouse equipped with the drip
irrigation system. After the establishment, thenfda
were trained to four levels (Miz, T, (single shoot), T
(two shoots), T(three shoots) and,{four shoots). Rec-
ommended doses of manures and fertilizers weréedppl
The observations in field were made on five rangoml
selected plants from each replication. Per cerdadis
index (PDI) was calculated to assess the powdeky mi
dew severity by using the formula given by Wheeler
(1969) based on the leaf area affected scalejrmgfart
from peak vegetative stage and subsequently take
after 15 days interval as proposed by Ullasaal.
(1981) i.e. 1 no symptoms; 2 with 10 % leaf affdc®
with 11-20 % of leaf area affected; 4 with 21-500%6
the leaf area affected and 5 with 51 % or morezef |
area affected.

For seed yield parameters, the seeds were extréxted
calculate number of seeds per fruit. Seeds weeddri
to 8 % moisture content in shade then weighed and2
averaged to work out seed yield per plant and pef h
tare. In the laboratory, the test weight (1000 seedZ
weight) was worked out. From all replicates 100dsee

ell pepper under protetted conditions dgrthe year 2012.

iya

Sum of numerical values of all
100
grades

X
Maximum  dis-
ease rating

PDI =

Number of observed plants

ty and training on see

were subjected to germination at %5 using paper roll
method to assess the percent seed germinatedingeed! -
length, seedling dry weight (dried at 8D for 48 hours)

and seedling vigour. The statistical analysis dof th
observations was done as per design of the experi:
ment as suggested by Gomez and Gomez (1984).

RESULTS AND DISCUSSION

Effect on health of bell pepper: Bell pepper

(Capsicum annuum L.) grown at spacing 45x45 cm
and trained to single shoot were least susceptible
powdery mildew severity 21.21 % (Table 1). Savinove ©
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ting densi

able 2.Effect of plant|

(M

Mean
3.03 808.251005.92 1039.77 951.31 249.55 278.16 312.34 280.02

Seedling vigour index-II
6.08
5.27
10.53

237.00 265.27 283.41

(M

Mean

Seedling vigour index-|
27.44
23.76
47.52

2.95 779.05 978.72 1000.21 919.33 239.44 271.05 286.16 265.55
771.39 930.48 996.30

2.89 762.69 881.63 985.49 876.60 232.83 259.11 270.83 254.26

M

Mean

Seedling dry weight (mg)
S
0.04
0.03
0.06

S
2.80 294 3.06

Mean
(M
9.26 10.76 10.86 10.29 2.86 2.98 3.26

0.24
0.21
0.42

Seedling length (cm)
9.00 9.84 10.70 9.84 277 291 295 2.87 735.58 855.66 959.72 850.32 226.18 252.74 264.30 247.74

9.14 10.70 10.78 10.21 2.81 2.96 3.09
9.08 9.96 10.77 9.94 277 293 2.96

9.12 10.31 10.78

S

M

Mean
87.25 93.50 95.75 92.17

0.11
0.10
0.19

Germination (%)
Values in the parenthesis represent square rowiftranation

(9.39) (9.72) (9.84) (9.65)
85.25 91.50 92.75 89.83
(9.29) (9.62) (9.68) (9.53)

84.00 88.50 91.50 88.00
(9.22) (9.46) (9.62) (9.43)

81.75 87.00 89.75 86.17
(9.10) (9.38) (9.53) (9.33)

84.56 90.13 92.44
(9.25) (9.54) (9.67)

Particulars
T,
T3
Mean (S)
CD at 5% (T)
CD at 5% (S)
CD at 5% (TxS)
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Table 1.Effect of planting density and training on powderiydew severity and seed yield of bell pepper umptetected
conditions during the year 2012.

Powdery mildew severity  \ her of seeds/ fruit ~ Seed yield/ plant (g)  Seed yield/ha (kg)

. %)
Particulars (
Mean Mean Mea Mean
25126 23292332 Z(Tgi S S M S S S n (T) St SR M
. 1.49 21.21 21.65
Ty (4.82) (4.74) (4.71) (4.76) 167.20193.52198.14186.29 7.55 15.4711.8911.64805.62825.35422.62684.53
26.49 21.33 21.40 23.07
T, (5.24) (4.73) (4.73) (4.90) 162.10189.73193.90181.91 8.09 18.0013.0813.05862.40959.87465.04762.44
25.09 21.75 21.56 22.80
Ts (5.11) (4.77) (4.75) (4.88) 156.63187.18190.88178.23 8.10 16.7415.5913.48863.51892.96554.21770.22
26.86 21.92 22.08 23.62
T4 (5.28) (4.79) (4.80) (4.96) 152.11182.37186.64173.717.62 15.6315.9313.06813.24833.39566.19737.61
25.17 21.62 21.56
Mean (S) (5.11) (4.75) (4.75) 159.51188.20192.39 7.84 16.4614.12 836.19877.89502.01
CD at 5% (T) 0.11 1.00 0.79 47.71
CD at 5% (S) 0.09 0.86 0.68 41.32
CD at 5%
(TxS) 0.19 1.73 1.36 82.64
(1978) reported least incidence of fruit rot in sigpm creased rates of photosynthesis leading to higher p
at wider spacing. Powdery mildew caused Leyeil- ductivity has been used for greenhouse crops ssch a

lula taurica is considered as a major disease (Bidari bell pepper and tomatoes. Another role polyhouse
al., 1985). Low temperature after the dry spell is-pr played is that it maintained the temperature dutireg
disposing factor for this disease to proliferatear-yY growth cycle resulted in healthy growth of the pgan
wood et al. (1954) considered that among plant patho-The dark reactions being enzymatic are temperature
gens the powdery mildews have low optimum tem-controlled and optimum temperature ranging from 25-
perature averaging 2. Wider spaced plants with low 35 °C is required for good photosynthetic rate (R&in
shoot density allow the air and light pass throtighm  al., 2011). The occurrence of cool temperatures during
which hinder the conidia to germinate and also-opti fruit set could also reduce the number of seeddrpier
mum spacing between the plants prevents the diseasid thus lower seed yield (Rylski, 1973). In treddfibell

to spread from infected plant to healthy one. Muegp  pepper can be harvested over a period of 2-3 mdnths
adequate plant spacing also helps to obtain goegirco in greenhouse production season can be extende®l for
age when fungicides are used. On the other harld higmonths (Wien, 1997). This extended crop seasottedsu
plant and shoot density create the congenial enviro in the higher seed yields of bell pepper.

ment for the proliferation of disease. Effect on seed vigour attributes:The maximum 1000
Effect on seed yield :The combination g, (45x45  seed weight, germination percentage, seedling engt
cm and single shoot) produced fruits with maximum seedling dry weight, seedling vigour index-| & .82
number of seeds per fruit (198.14). Wider spacetl an g, 95.75%, 10.86 cm, 3.26 mg, 1039.77 and 312.34,
single shoot plants bear larger sized fruits havialgl respectively) were recorded from spacing 45x45 and
seeds and also, the size of fruit is correlatedutmber  single shoot training system (Table 2). The resigits

of seeds (Wien, 1997). But according to Khurenal. 1000 seed weight are in conformity with the finding
(2002) spacing has no effect on number of seeds pedf Everett and Subramanya (1985) and Dharmatti and
fruit in capsicum. Significantly higher seed yieldesr ~ Kulkarni (1988), who reported that wider spacing re
plant and per hectare (18.00 g and 959.87 kg, cespe sulted in higher 1000 seed weight in bell peppan-S
tively) were resulted from 3, i.e. plants spaced at chezet al. (1993) recorded 73-88 % germination in
45x30 cm with two shoots (Table 1). Sancleeal. bell pepper influenced by plant spacing. Wide sgace
(1993) and Lalet al. (2014) in bell pepper reported with single stem plants conditioned with favourable
maximum seed yield per plant at wider spacing. Whil environment of polyhouse provided better opporgunit
Singhet al. (1989) and Khuranat al. (2002) in chilli ~ to increase the efficacy of light and photosynthesi
reported lower seed yield perend per hectare with Besides this, plants are less prone to competfion
wider spacing. Well management of pest and diseaseshe resources which lead to healthy plants andebigg
favourable conditions prevails for healthy growtida fruits and ultimately resulted in healthier and dwol
extended growing season in the polyhouse added up tseeds of good quality. Tabaati al. (2011) also con-
the production of quality seed. Moreover the ,G&- cluded that that less fruit on clusters and natireato
leased by the plants during respiration could soape  plants causing enlargement of the fruit, as a td€0
easily from the polyhouse. The fact thajplants re-  weight of seeds and power of germination would be
sponds to higher C@oncentration by showing in- increased for the next generation. Picogilal. (1993)

1221



Manohar Lalet al. / J. Appl. & Nat.

reported that increasing the 1000 grain weightltgsu
in increasing the fresh and dry weight of tomatedse
ling. Sajjanet al. (2004) in okra observed higher seed-
ling length and dry weight with wider spaced plants
Therefore it can be concluded that bold seeds bf be
pepper with more test weight produces the morervigo
ous seedlings. Optimum plant density and shoot-prun
ing increase the quality of fruit and seed whichum
leads to better establishment of more vigoroustplan
of polyhouse grown bell pepper.

Conclusion

From the present study it can be concluded that the

treatment combination,$, (bell pepper plants spaced
at 45x30 cm and trained to two shoots) was found su
perior for seed yield whereasTgwas superior for
seed health and also for seed vigour attributeb asc
1000 seed weight, germination and seedling vigoir b
resulted in lower yields. Moreover the treatmenmneo
bination ST, was at par with the best treatments for

most of the other important characters. Therefore

planting density $(45x30 cm) in combination with
training system I(two shoots) may be recommended
to get higher yields in commercial seed productién
bell pepper under protected conditions.
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