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Abstract. The effects of rowcovers and plant architecture on fruit development and

spatial distribution were assessed in a study of field-grown bell peppers (Capsicum
annuum L. cv. Ace Hybrid). A forced regression procedure indicated that rowcovers
advanced anthesis and delayed harvest dates on the lower nodes and increased the
duration of maturation (over all branches and nodes). Rowcovers did not influence
total fruit yield. Fruit were obtained from as many as nine node locations, but the
largest portion of the total yield was obtained from the first five nodes. Fruit frequency
declined with later nodes and lateral branches, compared with the main branch. Fruit
produced after lateral branch four on uncovered plants were below an acceptable
market size. Marketable fruit were obtained from all nodes, with the exception of node

four plants were randomly selected from 10
plants for sampling.

Fowers were marked at anthesis with small
labels attached to the peduncle with string,
beginning ét first flowering and continuing
to 12 Aug. The date of anthesis was recorded
on each label. Labelled fruit were harvested
at the mature green stage, twice weekly, un-
til 21 Sept. The branch type, and branch and
node location of the fruit were recorded a
harvest. The main branch (branch 0) was the
primary division of the main stem, usudly
occurring after the eighth main-stem node
(Fig. 1). Laterd or side branches developing
on the main stem below the primary divison
were numbered acropetally according to the
main-stem node from which they developed.
The nodes on each branch were numbered
acropetaly from the main stem.

Data were anayzed for treatment effects
after orthogonalization (Winer, 1971), in
which independent variables were forced at

six of covered plants.

Rowcovers have been used successfully to
promote early plant development and in-
crease yields (Gerber et d., 1985; Wells and
Loy, 1985). Ther use enables commercia
production of many warm-season crops in
locations that are otherwise climatically mar-
gina for their culture. For example, studies
conducted in south coastal British Columbia
have shown that rowcovers applied over bell
peppers promote early fruiting and enhance
total fruit yield (Maurer and Frey, 1987).

Structures within a plant may have a dif-
ferential response to environmental influ-
ences such as increased plant competition
(Mauk et ., 1983) and temperature (Stobbe
et al., 1966). An accurate description of
fruiting patterns of bell peppers could benefit
plant breeders and enable judicious manage-
ment decisions. This study was initiated to
describe fruit digtribution on field-grown bell
peppers and determine the effects of row-
covers and plant architecture on fruiting pat-
ternsand yield.
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The study was conducted in 1988 at the
Agriculture Canada Research Station, Agas-
9z, British Columbia Seven-week-old ‘Ace
Hybrid' bell pepper plants were transplanted
on 12 May into 1.1.m-wide raised beds
mulched with black polyethylene. The seed-
lings were planted in twin rows, 0.5 m gpart,
a a within-row spacing of 0.40 m. The sandy
loam soil (Eutrochrept) was prepared with a
broadcast application of 165N-165P-165K
and 4.5 B (all kg-ha") and with 23t cattle
manure/ha. Plots were not covered or were
covered with dlit polyethylene tunnels until  Fig. 1. Node and branch numbering system for
7 July. The design was a randomized com- bell pepper plants. N and B denote node and
plete block with four blocks. In each plot, branch, respectively.

Table 1. Increments in R? (percent) for bell pepper fruit development and yield as influenced by
rowcovers and plant architecture.

No. days

Source of Anthesis  Harvest to Total fruit No. Fruit
variation df date* date maturity  yield/plant  fruit/plant  size
Total R? 67 100 100 100 100 100 100
Rowecover (C) 1 5 1 T** 0 0 4
Branch type (BT) 1 16** 9* 3 33* 36* 0
C x BT 1 0 0 0 1 0 1
Branch location (BL)

Linear (1) 1 8* 0 14** 2 1 32+

Quadratic (q) 1 0 0 0 0 0 2
C x BL, 1 2 4 1 0 0 g**
C x BL, 1 1 2 1 0 0 2
Node location (N)

Linear 1 62** 58** 0 10%* 10** 0

Quadratic 1 0 0 0 5* 5* 5*
Cx N 1 2+ 2* 0 0 0 0
C x N, 1 0 0 0 0 0 0
C x BT x N, 1 0 1 2 0 0 0
Residual 55 4 23 72 49 48 46

“Total sums of squares for fruit development and yield parameters (left to right) were 10, 636; 11, 680;
3, 643; 138; 12, 175; and 47, 167, respectively.
*-**Significant at P = 0.05 and 0.01, respectively.
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Table 2. Fruit yield (in grams) per bell pepper plant as influenced by rowcovers, branch type, branch

location, and node number.

Node

Rowcover Branch? 1 2 3 4 5 6 7 8 9 Sum
No covers 1 139 103 126 30 - 7 7 --- - 412
2 96 84 54 37 6 8 - - .- 285

3 50 52 6 - .- - - - - 108

4 74 65 7 - - -—- --- - --- 146

5 17 32 6 - - - - --- -—- 55

6 25 13 - --- - --- .- - - 38

7 2 4 - - .- --- - .- - 5

8 1 --- - - .- - - - - 1

Main 64 166 492 181 74 - - - - 977

Side 404 352 200 66 6 15 7 .- - 1050

Rowcovers 1 74 69 50 53 20 - - - .- 266
2 100 92 29 64 26 4 7 -- - 324

3 75 68 27 15 - 7 6 .- -—- 197

4 68 56 13 15 6 - .- - - 159

5 65 27 - --- - - - - - 92

6 43 8 - - - --- - - - 51

7 43 - - - - - - -- -—- 43

8 17 - - -— - - - - - 17

Main 75 121 284 450 237 20 26 18 8 1238

Side 486 320 119 147 52 11 13 - —- 1149

zBranches 1-8 are side branches and are numbered acropetally; main is the branch developing after the

primary division of the main stem.
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Fig. 2. The influence of rowcovers and node location on anthesis and harvest dates of bell peppers.

each successive step into the regression in a
predetermined sequence. Data were classi-
fied according to rowcover treatment, branch
type (main or side), branch location, and node
location, and each category was treated as
an independent variable. Nodes located on
main and side branches were combined for
analysis. Rowcover was entered first into the
regression to best assess its effect on the de-
pendent variable. The remaining indepen-
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dent variables were entered in an assumed
hierarchica order, giving increments in R®
resulting from the addition of each indepen-
dent variagble. Such increments correspond to
those of orthogonalized independent varia-
bles. The sequence was the same for each
dependent variable. Dependent variables were
anthesis and harvest date, maturation days,
fruit size, fruit frequency, and tota fruit yield.
Treatment effects were examined on means

of four blocks. In each case, the dependent
variable was regressed directly against the
first independent variable entered into the
regression, while subsequent components
were calculated as residuals from amultiple
regression on the previoudy entered com-
ponents. Analysis of variance was then con-
ducted on the residuals.

Node location was the greatest significant
contributor to variation in anthesis and har-
vest dates (62% and 58% incremental in-
crease in R?, respectively), followed by branch
type (16% and 9% increase, respectively)
(Table 1). Flowering and fruit harvest were
earlier at the lower node numbers (Fig. 2)
and on the main branch than on the side
branches. The mean number of days from
transplanting to anthesis was 62 and 70 days
for the main and side branches, respectively.
Fruit from the main branch was harvested
119 days after transplanting compared with
126 days from the side branches. The addi-
tion of the interaction rowcovers and the lin-
ear effect of node location to the regressions
accounted for a 2% increase in R* (Table 1).
Rowcovers generdly advanced flower open-
ing and delayed harvest (Fig. 2). The linear
effect of branch location was a significant
contributor to variation in anthesis date but
not to harvest date. Rowcovers and branch
location were significant contributors to var-
iaion in days to maturation (7% and 14%
increase in R?, respectively). The mean
number of days to maturity significantly in-
creased with the use of rowcovers (53 and
57 days for uncovered and covered treat-
ments, respectively) and generdly increased
with later-developing branches.

Tota fruit yield and number of fruit per
plant were influenced by branch type and
node location but not by the use of rowcov-
ers (Table 1). Branch type accounted for an
increase of more than 30% in R?, and node
location (linear and quadratic trends) ac-
counted for a 15% increase in regressions of
fruit frequency and yield. Nodes 1 to 5 ac-
counted for 98% of the fruit produced on the
main and side branches (Table 2, Fig. 3).
Nodes 3 and 4 accounted for 64% of total
main branch fruit, and nodes 1 and 2 for 71%
of fruit from the side branches. Fruit fre-
guency followed a similar trend. Nodes 1
and 2 of the side branches produced the most
fruit (mean vaue 3.7 fruit) followed by nodes
3 and 4 of the main branch (mean 3.4 fruit).
The mean number of fruit per node was less
than one after node 5. These results reflect
the sequentia nature of plant development:
the initial development of the main branch
followed by the acropetal development of
lateral branches from the main stem. Eight
lateral branches may develop from the main
stem; hence, side branches have the potential
to develop more nodes 1 and 2 than the main
branch.

Branch location was the greatest contrib-
utor to variation in individual fruit weight
and resulted in a 33% incremental increase
in R*(Table 1). Fruit size decreased more
with higher branches of uncovered plants than
covered plants (Table 3). Most fruit pro-
duced after branch 4 in uncovered plants did
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Table 3. Fruit size (in grams) of bell peppers as influenced by rowcovers, and branch and node

location.
Node

Rowcover Branch? 1 2 3 4 5 6 7 8 9

No covers 1 131 117 135 159 -- 106 105 -
2 128 96 123- 117 88 133
3 115 104 97
4 118 116 117 - -
5 55 72 96 - -
6 79 103 - -- - -
7 24 62
8 16 -
0 102 99 119 91 108 -

Rowcovers 1 84 111 133 140 109 -—- - .- ---
2 124 134 156 171 140 70 113
3 100 109 106 122 - 108 96
4 91 112 108 124 9 -
5 95 144 - -
6 76 129 -
7 Y - - - - .-
8 93 - -
0 133 88 101 100 102 107 105 96 124

“Branches 1-8 are side branches and are numbered acropetally; branch 0 is the main shoot developing
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Fig. 3. Distribution of piant yield by node iocation and branch type of bell pepper. Main refers to
main branch, and side to side branches developing from main stem.

not reach a marketable size under our cli-
matic conditions, whereas covered plants
produced marketable fruit at al branches,
with the exception of branch 6.

Rowcovers delayed harvest and did not
influence total fruit yield per plant. Other
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studies have reported either increased yield
(Gerber et d., 1983) or reduced yields (Brown
et al., 1987) with rowcovers. Rylski (1986)
found that shading decreased lateral branch
development and delayed fruit ripening. In
our study, increased vegetative production of

covered plants may have shaded developing
fruit and extended the maturation period.
Also, increased vegetative development, and
hence greater capacity to produce assimi-
lates, may have enabled fruit produced on
late-developing branches of covered plants
to reach a marketable size. Lovett Doust and
Eaton (1982) noted the possible association
of enhanced foliage production and in-
creased fruit production in a study of Phas-
eolus vulgaris L.

Reproductive yield was partitioned among
fruit produced on as many as nine nodes;
however, the greatest portion of the tota yield
was obtained from nodes 1 to 5. Fruit pro-
duction on nodes above 5 may be restricted
by late-season climatic conditions in south
coastal British Columbia. Commercid har-
vesting after node five may not be profitable
because of low fruit frequency. Further,
pruning or flower removal may reduce com-
petition for assimilates and light, thereby im-
proving fruit size or ripening period.

Previous studies concerning the influence
of rowcovers on bell peppers have concen-
trated on the yield response (Brown €t d.,
1987; Stobbe et d., 1966). This study has
described fruiting patterns and assessed the
influence of rowcovers and plant architecture
on fruit maturation and yield. Our results
may be relevant in cultural management de-
cision or in bell pepper breeding programs.
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