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Department of Horticulture and Landscape Architecture, Oklahoma S
University, Stillwater, OK 74078-0511

Additional index words. Capsicum annuum, mechanical harvest, plant architecture, prime
seed, transplanting

Abstract. Nontreated seed, primed seed, and transplants were compared for effects 
stand establishment, plant morphology, and yield of paprika pepper (Capsicum annuum
L.). Nontreated seed was satisfactory for stand establishment, although primed seed h
the potential to provide greater initial stands. When populations were made equal b
thinning, there were few differences in stem and leaf dry weight, fruit yield, or plant
morphology attributed to seed treatment. Generally, morphology of plants established b
direct seeding was favorable for mechanical harvest. Using transplants did not result i
higher marketable fruit yields than direct seeding in 2 of 3 years. When compared to plant
established by direct seeding, three trends were consistent across all 3 years for pla
established by transplanting: 1) they were more massive, 2) they had larger vertic
fruiting planes, and 3) they had more branches. These traits increase the difficulty o
mechanical harvest and create the potential for more leaves and stems (trash) in t
harvested product. Thus, transplanting is not recommended for stand establishment o
paprika pepper intended for mechanical harvest.
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Most of the published studies on sta
establishment for Capsicum annuum involve
bell rather than paprika pepper. Although th
are some similarities, bell pepper producti
involves different cultural systems than p
prika production. In particular, bell peppe
ordinarily are harvested by hand, but mecha
cal harvesting is considered essential to 
pand production of paprika-type peppe
(Bender, 1993; Palevitch, 1978). A prereq
site for mechanical harvesting is the develo
ment of cultural practices that facilitate a sing
destructive harvest (Palevitch, 1978).

Primed seed and transplants have b
used as alternatives to nontreated seed
pepper stand establishment. Primed pep
seed germinates more rapidly than nontrea
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seed, although final germination percentag
usually are not improved by using primed se
(O’Sullivan and Bouw, 1984; Smith and Cob
1991; Sundstrom and Edwards, 1989; Yakl
and Orzolek, 1977). Seedling developme
and emergence rates also were more ra
with primed pepper seed than with nontrea
seed (Bradford et al., 1990; Khan et al., 19
Rivas et al., 1984; Sundstrom and Edwar
1989; Yaklich and Orzolek, 1977). Total fru
yields from plants established by transpla
ing usually are equal to or greater than yie
from bell pepper (Ghate et al., 1984; Leskov
and Cantliffe, 1993) and Tabasco pepper (Cap-
sicum frutescens L.) (Sundstrom et al., 1987
plants established by direct seeding.

Some of the first Oklahoma growers 
paprika pepper established fields by dire
seeding and by transplanting. We observ
differences in plant morphology among the
fields. Plant morphology may have a signi
cant impact on the efficiency of mechanic
pepper harvest (Marshall, 1984). Leskov
and Cantliffe (1993) reported that bell pepp
plants established by direct seeding ma
tained a more balanced root, stem, leaf, a
fruit dry-matter partitioning than plants esta
lished by transplanting. We did not find oth
studies relating stand establishment metho
pepper plant morphology.

Our objective was to compare nontreat
seed, primed seed, and transplants for effe
on stand establishment, plant morpholog
and yield of paprika pepper.

Materials and Methods

Field experiments were conducted at t
Fort Cobb Research Station, Fort Cobb, Ok
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from 1990 to 1992. The Cobb fine sandy loa
(fine-loamy, mixed, thermic, Udic Haplustal
at Fort Cobb was prepared with a broadc
preplant-incorporated application of (in kg•ha–1)
40N–45P–112K, 72N–24P–46K, and 50N
56P–0K in 1990, 1991, and 1992, resp
tively, based on soil tests and Oklahoma St
Univ. recommendations (Motes, 1993). O
topdressing was made each year at first flo
ering to supply N at 45 kg•ha–1. Weeds were
controlled with a preplant application of N,N-
diethyl-2-(1-naphthaleneyloxy)-propionamid
(napropamide) at 1.7 kg•ha–1 and cultivation.
Sprinkler irrigation was provided based o
subjective visual and tactile soil observation

Nontreated or commercially primed se
(Kamterter, Lincoln, Neb.) of ‘Oklahoma Pa
prika 50’, an advanced breeding line with 
upright growth habit, was used for direct see
ing in 1990 and 1991; only nontreated se
was used in 1992. Field spacing was 0.9
between rows and 0.1 m between plants wit
rows. Plots were seeded on 12 Apr. 1990,
Apr. 1991, and 8 Apr. 1992 at 2 to 3 kg•ha–1. In
1990, direct-seeded plots were not thinn
because stands approached the desired 
sity. Plants were counted in direct-seeded ro
on 21 May 1991, followed by thinning on 1
June. In 1992, direct-seeded rows were thin
on 12 June.

Nontreated seed was sown in a greenho
on 6 Mar. 1990, 4 Mar. 1991, and 12 Mar. 19
for transplant production. Transplants we
grown in peat-lite mix in flats with inverted
pyramid cells (volume per cell, ≈18 cm3;
Speedling, Sun City, Fla.) in 1990 or in bu
benches (1991 and 1992). Transplants w
set in the field on 8 May 1990, 24 Apr. 199
and 24 Apr. 1992. All plots were 9 m lon
Plots were three (1990) or four (1991 a
1992) rows wide, with the center row(s) us
for data collection.

To simulate grower practices, a single d
structive harvest was made after a frost in e
year. Dates of harvest were 20 Nov. 1990
Nov. 1991, and 13 Nov. 1992. Three proc
dures were performed just before harvest. F
lodged plants (root, stem, or branch lodgin
were counted in 4- to 6-m row sections. Ne
force to uproot a plant was measured on th
or four plants per plot using a cable pulle
milk scale, and a lever based on a fulcru
Then, three plants per plot were sampled 
morphology data. Distances were measu
from the soil to the first branch, the first fork 
the main stem, the highest plant part, the f
fruit attachment, and the highest fruit attac
ment. The number of major branches at 
first fork in the main stem and the total numb
of branches per plant subsequently were de
mined in the laboratory on sampled plants

Once preharvest procedures were co
pleted, plants in a 3-m section of each p
were cut by hand at soil level, counted, a
placed in burlap sacks. Fruit were remov
from the plants in the laboratory. Fruit th
were orange, green, bleached, or filled w
fungi were classified as culls. Marketable fru
were leathery, partially dried, and deep re
All plant material was dried at 48C for ≥ 7 days
and weighed.
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Table 1. Response of paprika pepper to method of stand establishment, Fort Cobb, Okla. Dry weights are reported.

Avg wt Force to Harvested fruit
Plant Final stems + Lodged uproot a Marketable Total % By wt of
establishment stand leaves plants plant wt wt total that was
method (no./m2) (g/plant) (%) (N) (g•m–2) (g•m–2) marketable

1990
Nontreated seed 11 11 11 98 93 144 64
Primed seed 13 9 6 108 87 140 62
Transplants 10 13 24 88 102 156 65
Contrasts

Seed vs. transplants NS ** ** ** NS NS NS

Nontreated vs. primed seed NS * NS NS NS NS NS

1991
Nontreated seed 10 10 16 78 17 55 32
Primed seed 10 9 12 98 16 49 34
Transplants 11 16 14 98 61 124 48
Contrasts

Seed vs. transplants * ** NS NS ** ** **
Nontreated vs. primed seed  NS NS NS * NS NS NS

1992
Nontreated seed 11 8 10 108 66 89 73
Transplants 11 10 14 118 80 108 73
Main effect NS NS NS NS NS NS NS

NS, *, ** Nonsignificant or significant at P ≤ 0.05 or 0.01, respectively.
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Table 2. Plant morphology of paprika pepper in response to method of stand establishment, Fort Cobb, Okla.
Data are on a per plant basis.

Plant Ht (cm) from soil to Vertical Total
establishment First Highest First fruit Highest fruit fruiting no.
method branch plant part attachment attachment plane (cm)z branches

1990
Nontreated seed 12 58 25 51 26 43
Primed seed 10 55 22 47 25 51
Transplants 6 58 22 55 33 66
Contrastsy

Seed vs. transplants * NS NS * NS **

1991
Nontreated seed 6 42 16 37 21 84
Primed seed 3 38 12 33 21 91
Transplants 5 50 14 46 32 107
Contrastsy

Seed vs. transplants NS * NS ** ** NS

1992
Nontreated seed 9 42 19 33 14 62
Transplants 4 41 14 35 21 88
Main effect NS NS * NS NS *
zAverage vertical distance from first fruit attachment to highest fruit attachment.
yAll contrasts of “Nontreated vs. primed seed” for variables in this table were not significant at P≤ 0.05.
NS, *, **Nonsignificant or significant at P ≤ 0.05 or 0.01, respectively.
The design was a randomized comple
block with five (1990) or six (1991 and 1992
replications. We used an analysis of varian
to evaluate data and orthogonal contra
(where appropriate) to compare stand est
lishment methods.

Results and Discussion

When referring to our data, the term “dire
seeding” represents the average effect of s
ing nontreated or primed seed in a given ye
in contrast to the effect of transplanting.

Final stands did not differ among trea
ments in 1990 and 1992 (Table 1). In 199
primed seed gave denser initial stands th
nontreated seed (53 and 40 plants/m2, respec-
tively, significant at P ≤ 0.05). Khan et al.
(1992) and Leskovar et al. (1990) reported t
primed seed had the potential to produce den
initial stands than nontreated seed. Oth
have obtained similar (Bradford et al., 199
O’Sullivan and Bouw, 1984) or more com
plete (Sundstrom et al., 1987) pepper sta
establishment with nontreated than with prim
seed. After thinning, stands established 
direct seeding usually were similar to tho
established by transplanting. The except
was in 1991, when occasional dead plants, 
to environmental stresses during the grow
season, caused final stands in plots establis
by direct seeding to be thinner (by one pla
m2) than stands in plots established by tra
planting. Overall, we found nontreated seed
be satisfactory for stand establishment.

In 2 of 3 years, average stem and leaf d
weights per plant were significantly higher 
plants established by transplanting than 
plants established by direct seeding (Table
This contrasts with a report in Israel b
Palevitch (1978) who found that paprika pe
per plants established by transplanting w
shorter and had less vegetative growth th
plants established by direct seeding. Our tra
plants had several weeks of growth in t
greenhouse before stand establishment in
HORTSCIENCE, VOL. 29(11), NOVEMBER 199
field, which might have resulted in large plan
(Ghate et al., 1984). However, transplant
produced taller plants than direct seeding o
in 1991 (Table 2). Furthermore, plants est
lished by transplanting had more branch
than plants established by direct seeding. 
parently, growth patterns of plants establish
by transplanting differed from those of plan
established by direct seeding, as propose
Leskovar et al. (1990) and Leskovar a
Cantliffe (1993).

Stand establishment method affected lo
ing only in 1990 (Table 1), when plants esta
lished by transplanting lodged more than pla
established by direct seeding. In 1990, the
week-old transplants may have been m
susceptible to stem lodging than the youn
transplants used in 1991 and 1992. Set
transplants in the field had been delayed
inclement weather in 1990. Also, a relative
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low force was required to uproot transplant
plants in 1990. Marshall (1984) reported th
transplanted pepper plants were more likely
be uprooted by a mechanical harvester th
plants established by direct seeding. Pla
established by primed seed tended to requ
more force to uproot than plants established
nontreated seed, but differences were sign
cant only in 1991. Leskovar et al. (1990) foun
that plants established by primed seed a
plants established by nontreated seed diffe
in root growth rate at soil depths of 10 to 20 c

Only in 1991 did transplanting result i
significantly higher marketable weights an
total weights of harvested fruit than dire
seeding (Table 1), probably due to a hail sto
on 29 Aug. 1991 in which blooms and fru
were more easily damaged under the smal
less dense canopies produced by plants in
direct-seeded plots. The hail damage was e
1283
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dent, especially in the decreased percentag
marketable fruit in 1991 compared to 1990 a
1992, when there was no hail damage. T
plants responded to this late-summer hail da
age with a flush of new blooms, resulting 
many immature green fruit at harvest.

Method of stand establishment had fe
consistent effects on distances from the soi
the first branch, highest plant part, and fir
fruit attachment (Table 2). However, in 199
and 1991, there was more distance from 
soil to the highest fruit attachment in plants estab-
lished by transplanting than in plants e
tablished by direct seeding. Overall, plan
established by transplanting tended to have
largest vertical fruiting planes, showing th
the fruit was dispersed and not concentrated
the canopy. Whether or not fruit dispersio
would be advantageous for mechanical h
vest may depend on the specific machine us
Marshall (1984) stated that a concentrated 
of fruit low on the plant was undesirable fo
pepper harvest with a helix-type machin
However, a large vertical fruiting plane cou
increase the possibility that a stripper-typ
harvester would miss some fruit, especially
the distance from the soil to the first fru
attachment was <15 cm (Somos, 1984).

The distance from the soil to the first for
in the main stem and the number of maj
branches at this point were not significantly P
≤ 0.05) affected by method of stand establis
ment in any year (data not presented).

Transplanting resulted in >20 mor
branches per plant than direct seeding wh
averaged across all 3 years (Table 2). A la
number of branches entrap fruit, making m
chanical harvest more difficult (Marshal
1984), and may increase the amount of lea
and stems (trash) in the harvested prod
(Wolf and Alper, 1984).

When populations were equalized nat
rally (1990) or by thinning (1991), there wer
few differences in stem and leaf dry weigh
1284
 of
d

he
m-
n

w
 to
st
0
he

-
ts
the
t
 in
n
r-

ed.
set
r
e.
d
e

 if
t

k
r

h-

en
ge
e-
,
es
ct

-
e
t,

fruit yield, or plant morphology attributable to
using nontreated vs. primed seed. This res
agrees with the data of Leskovar and Cantli
(1993) and Sundstrom et al. (1987). In o
study, morphology of plants established b
direct seeding generally was favorable f
mechanical harvest.

Transplanting did not result in higher ma
ketable fruit yields than direct seeding, exce
when hail damaged the plants (1991). Co
trasts of direct seeding vs. transplanting f
plant morphology variables were not alway
significant at P ≤ 0.05 due to plot-to-plot
variability. However, when compared to plan
established by direct seeding, three tren
were consistent across all 3 years for pla
established by transplanting: 1) they were mo
massive, 2) they had larger vertical fruitin
planes, and 3) they had more branches. Th
traits are associated with increased difficul
in mechanical harvesting (Marshall, 198
Somos, 1984). Also, production expens
would be lower with direct seeding than wit
transplanting due to lower costs for labor a
planting materials (Somos, 1984). Therefor
we would not recommend transplanting fo
stand establishment of paprika pepper intend
for mechanical harvest.
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