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Abstract,  Culligens frequently are tested for eventual monoculture production con-
ditions in trials with different cultigens in adjacent rows. We determined the effect of
using different cultigens of pickling and fresh-market eucumber (Cucrmis satfvis L.)
in bordered (three-row) and unbordered (l-row) plots. Cultigéns contrasted in char-
acteristics important in competitive effects: plant architecture (tall vs. dwarf), anthrac-
nose resistance (susceptible vs. resisiant), and sex expression (monoecious vs. gynoecious).
In all four test years, there was no significant interaction of border with center row in
unbordered vs. bordered plots, with three exceptions: there was a significant reduction
in yicld of M 21 in 1952 when bordered by ‘Calypso’ (a large-vined genotype), and a
reduction in yield of ‘Southern Belle’ in 1984 when bordered by *Calypso’ or SMR 58.
In most cases, there was an increase in yield if the border genotype had short vines.
We concluded that, in most cases, trials can be run using unbordered plots without

significant effect on yield.

Plant breeders usually test new breeding
lines for several years in replicated, multi-
ple-harvest trials 1o determine whether the
lines should be released. However, because
of limitations of space or the number of seeds
available for each experimental line, trials
are often planted with unbordered plots (one
row instead of three- or four-row plots). Thus,
the lines are nol being tested in mononcul-
iure, but, rather, in mixed plantings with dif-
ferent lines in adjacent plois.

Competition berween different genotypes
causes bias in yield trials of some crops, such
as soybean [Glveine max (L.) Merr.] (Schutz
and Brim, 1967). Unbordered plots of soy-
bean are acceptable for trials in the nocthern
United States, but not in the southern, where
more foliage growth occurs (Hanson et al.,
1961). Several technical aspects of cucum-
ber yield trials have been investigated, in-
cluding the most stable method of yield
measurement for once-over harvest (Ells and
MeSzy, 1981), the optimum plot size for
single- and multiple-harvest trials (Smith and
Lower, 1978; Swallow and Wehner, 1986],
the optimum time to harvest plots once-over
(Miller and Hughes, 1969), and the most ef-
ficient method for runming trials to estimate
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yizld in multiple-harvest trials (Wehner, 1986;
Wehner and Miller, 1984). Although guard
rows should be used around the outside of
the trial to provide competition for the plots
on the edges of the experiment, it is unclear
wheiher bordered plots are requirad 1o obtain
proper estimates of cucumber yield for mon-
oculture conditions.

The objective of this experiment was to
determine whether trials consisting of di-
verse genotypes of cucumbers may be run
safcly using unbordered plots. The approach
taken was o measure whether there was sig-
nificant interaction between genotype and plot
side-borders in pickling and fresh-market
cucumber yield trizls.

All experiments were run at the Horticul-

tural Crops Research Station, Clinton, N.C,,
using recommended horticuliural practices
{Hughes et al., 1983). Fertilizer was incor-
porated before planting at a rate of 90N-
39P=T74K (kg-ha=") with an additional 34 kg
Niha applied at vine tip-over stage. Seeds
were planted on raised, shaped beds, with
rows 1.5 m apart to follow common practice
for trials, rather than the closer spacing used
by growers. lrrigation was applied when
needed 1o provide plants with & total water
allocation of 25 to 40 mm per weeck. Nap-
talam (2.2 kg-ha-') and bensulide (4.4
kg-ha-') were applied before planting for
weed control.

Cultigens used. Two to four pickling cuc-
umber cultigens, and zero or four fresh-mar-
ket cucumber cultigens were tested | Table 1)
in three-row plois (center plus two border
rows) in all combinations of border and cen-
ter rows. Cultigens were chosen for contrast-
ing characteristics we thought to be mosi
important in competitive effects: plant ar-
chitecture (dwarf-determinate vs. till-inde-
terminate), sex expression (pynoecious v,
moncecious), and anthracnose resistance
[eaused by Colletotrichum lagenarium (Ross)
Ellis & Halst]. Anthracnose is the most im-
portant disease in the production of cucum-
bers in MNorth Caroling, and resistance is
required for the summer (bul not the spring)
crop,

The pickling cultigens were M 21 (a re-
sistant, monoecious inbred with 610-mm vine
length), “Sowthern Belle® (resistant, gynoe-
cious hybrid with 800-mm vine length), *Ca-
Ivpsa’ (resistant, gymoecious hybrid with 900-
mm vine length), and SME 38 (2 suscepti-
ble, monoecious inbred with 920-mm vine
length). The fresh-market cultigens were
‘Bush Champien® (a susceptible, monce-
cious inbred with 480-mm wvine length),
“‘Marketmore 76" (2 susceptible, monoecious
inbred with 810-mm vine length), “Poinsett
76" (a resistant, monoecious inbred with 860-

Table 1. Cultigens tested, number of replications and harvests used, plot length, plant density, and
dates of planting and harvesting for the 4 years of testing of border effect in multiple-harvested

cucumbers.
Plos Plani
Cultigens MNo. M. length density
Year testad replications harvests {m] (thousands'ha) [rates®
1981 M2l [ 7 6.1 62 § July
Southern Belle 13 Avg.
Calypso 1 Sepl.
1982 M Il & i 6.1 T4 17 May
Southera Belle 24 June
Calypso 12 July
1983 Calvpso fi 6 7.7 i 3 May
SMR 58 20 June
& July
1984 M 21 4 8 3.0 84 8 May
Southern Belle 21 Tune
Calypso 16 July
SME 58
Bush Champion 4 7 30 54 B May
Marketmaore 76 25 June
Poinsett 76 16 July
Sprint 440

*Drate of planting, fizst harvest, and last harvest for each erop and year,
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Table 2. Yield {fruit value and weight) of pickling cucumber celtigens tested in bordered and
unbordered plots in multiple-harvest trials ren 1981 throogh 1983,
Total yield
Cultigen Valus Weight
Center Border (§/ha) {Mg-ha-t)
1081 rest (ssven harvests)

M 21 M 2L 11610 g.1b
Southern Belle OTBHE T
Calypso 10310 Tinae

Southern Belle M Il 13578 12.4m8
Southern Belle 14000 13,98
Calypso 1157"* 12,17

Calypso M 21 144718 1250
Southern Belle 16110 14.9%5
Calypen 115" 11,78
F (border * center) 0.7 0.gme
LsD (3%0) 441 R

J082 rest (six hanwests)

M 21 M 21 2511 43.5h
Southern Belle 192" 39, 7k
Calypso 1509 353"

Southern Belle M21 216155 49,50
Southern Belle 2054° 46,30
Calypso 2118 50.6%

Calypso M 21 201445 49215
Southern Belle 1935¥ a5, 1nE
Calypso 19545 47.5¢
F (border = center) 1.9%5 10
LsD (5%) 231 5.9

T987 tesr (six harves:s)

Calypso Calypso amnt 43.6°
3MR 58 328EMS 39303

SMR 38 Calypso 2031 e L
SMR 28 17 28.9%
F (border = center) 7.6* 2,548
LSD (5%) 1038 12.2

HE~Mot significant or significantly different at P = 0.03, respectively, from the bordered (%)

plot.

Table 3. Yield (fruit value and weight} of pickling cucumber cultigens in bordered and un-

bordered plots in multiple-harvest rials,

Total vield
Cultigen Value Weight
Cenler Border (5/ha) {Mg-ha=t)
1984 test (eight harvests)
M 21 M 21 &Y 0.0
Southern Belle FOE7Hs 2508
Cal}rpgu SR3NE 43,078
SMR 58 54320 4. 5=
Southern Belle M 21 GHA0NE 67,805
Southern Belle G463 TL1P
Calypso 57440 5.6
SMR 58 SH3OME 39,5
Calypso M2 fiz1grs 75408
Southern Belle fi4a3s T0.8H=
Calypsa sm1ae .50
SMR 58 S4panE (245
SMR 58 M21 324248 43.45%
Southern Belle 323408 468N
Calypso 2353%s 332w
SMR 58 23R9" 37.5%
F {border = center) (.20 .47
LsD (5% 903 10,3

H5=Not significant or significantly different at # = 0.05, respectively, from the bordered (*)

plot.

mm vine length), and “Sprint 4407 (a resis-
tant, gynoecious hybrid with 1000-mm vine
length).

Experimental design. The experiment was
a factorizl freatment arrangement in a ran-
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domizad complete-block design with four to
six replications (Table 1). The factarial was
the two to four (depending on year) cultigens
used as center rows in all combinations with
two to four cultigens used as border rows.

In all cases, the two border rows were planted
with the same cultigen. Monocullure was
simulated by planting center and border rows
to the same cultigen, and mixed culture by
planting a cultigen in the center row different
from the one in the borders.

Flots were overplanted and thinned to a
uniform stand, using densities of 60,000 o
£4,000 plants/ha and 3.0- 0 7.7-m-long plots
over the & years (Table 1), We used shorler
plots and higher densities in the last 2 years,
since they were found to be optimum in an-
other study run simultaneously (Swallow and
Wehner, 1986). Use of different trialing
methods also allowed us to lest the effect of
mixed culture in a wider array of systems.
Plots were harvested Mondays and Thurs-
davs by hand for six to eight harvests total.
Harvest was bagun when the earliest culligen
was ready, and continued for a5 long as the
vines remained productive,

Traits measured. Vine length was mea-
sured an three Fandomly chosen plants from
each plot center the day before harvest was
begun. Yield was measured according lo
commercial practice. For the pickling cu-
cumbers, fruits were machine sorted into the
four North Carolina size grades: 0 ta 27 mm,
28 o 38 mm, 3% to 51 mm, and >51 mm
in diameter for grades 1, 2, 3, and 4, re-
spectively. Fruits were then weighed (data
presented in Mg), and dollar value {5/ha)
was calculated as (Mg 1 = 5309) + (Mg
2x5143)+ (Mp 3% 388) + (Mg 4x350).
The grade 4 cucumbers are considered over-
sized, and are often not sold.

Fresh-market cucumbers were hand-sorted
into the USDA quality grades, then counted
and weighed. The grades are Fancy, MNo. 1,
Mo, 2, and cull. Marketable yield was cal-
culated as number (thousandstha) or weight
(Mg-ha-!) of Fancy, Mo, 1, and No. 2 fruits.
Quality yield was Fancy + Mo, 1 fruit.

Yield data were summed over all harvests,
Correlations were run for all pairs of yield
data (fruit weight, value, and number). Plot
means were then subjected to analysis of
variance (ANOVA). Altention was paid to
cultigen * side-border effects, since that is
& measure of whather cultigen yields wers
the same in mixed as in monoculture plant-
ings. Orthogonal contrasts were not helpful
because the border rows caused either in-
creased or decreased competition for the center
rows, depending on cultigen used, with an
average effect near zero.

Yield. Year cffects on yield of pickling
cucumbers were large. Yields in 1981 and
1984 were lowest and highest, respectively;
yields im 1982 and 1983 were intermediate,
Differences were probably due 10 planting
date and epvironment. The 1981 Irial was
planted late on light, sandy soil (Wagram
loamy sand), and grown during a hot, doy
season, The 1982 and 1983 trials were grown
during average seasons. The 1984 trial was
planted early on a dark loam soil (Rains fine
sandy loam), and grown during a warm, rainy
scason.

The main effect for cultigen yield was sig-
nificant in all trials (data noet shown), and
the differences were consistent; SMR 58 and
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Table &, Yield (marketabie froit weight and number) of fresh-market cucumber cultigens in
bordered and unbordered plots in multiple-harvest trials,

Total visld

Cultigen Weight MNumber
Center Border (Mg-ha-t) (thouzands'ha)
1984 tesr {seven harvess)
Bush Champion Bush Champion 51.1° 141"
Marketmors 76 46,95 133M%
Poinset: 76 42708 11475
Sprint 440 46,81s 1340
Marketmore 76 Bush Champicn 45,308 14ghs
Marketmore 76 38.7% 114¢
Poinsett 76 35.5M% LOgHS
Sprint 440 47.5M% 127Hs
Poingslt 76 Bush Champion 4,249 2n4Ms
Marketmore 75 S.0ms 1890
Poinsett 76 T4 19g%
Sprint 440 f3.2ME ] 21188
Sprint 440 Bush Champion B2 THE 27488
Marketmore 76 73.3% Ta4Hs
Poinsete 76 73.2%8 236Ms
Sprint 440 742" 222
F (border * center) {288 0.gns
LsD (5%) 12.0 g

®S.*Nat significant or significantly different at P = 0,05, respectively, from the bordered (%)

plod.

M 21 were the lowest, and “Southern Belle”
and 'Calypso’ were the highest-yielding (Ta-
bles 2-4).

Correlations among the yield traits indi-
cated that fruit value, number, and weight
all produced the same results for comparison
among cultigens (data not shown). The data
were, therefore, summarized as fruit weight
and value for pickling cucumbers, and mar-
ketable fruit weight and number for fresh-
market cucumbers. For fresh-market cucum-
bers, quality yield (Fancy + No. 1) and
markstable yield (Fancy + No. 1 + No. 2)
were affected similarly by changes in border
cultigen.

Border effect. In peneral, there was no
significant effect of border row on the yield
of the center row of a three-row plot (Tables
2—4). There was & tendency for long-vined
cultigens grown in the border rows to reduce
the yield of the cultigen in the center row
compared to the monoculture condition.
Howewver, that effect was not significant, ex-
cepl in a few cases. For example, M 21 had
reduced yield (fruit weight) when bordered
with “Calypso’ in 1982, and ‘Southern Bell
had reduced yield when bordered with *Ca-
lypso’ or SMR 38 in 1984,

The most important indicator in this analysis
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of cultigen yield trials was the variance due
lo border x center row interaction. With o
few exceptions, the ANOVA indicated no
significant F ratio in any of the years for
either pickling or fresh-market cucumbers
{Tables 2-4), suggesting that the yield of the
cultipens was affected by adjacent cultigens
by about the same amount. One exceplion
was the significant interaction for fruit value
{but ot weight) in 1983, where susceptible,
large-vined SMR 58 was planted next to re-
sistant, smaller-vined ‘Calypso’ (Table 2).
[n a year with heavy disease, there may be
problems with trials having mixed plots where
resistant and susceptible cultipens are adja-
cent. In general, however, that did aot oe-
cur, and mixed (unbordered) plots would be
fine.

An expernimenter could decrease the error
variance by adding plol borders (using more
field space and seeds per cultigen) or repli-
cations (making more work in planting and
harvesting). Use of three-row instead of one-
row plots would triple the required ficld space
and seeds per cultigen. Increasing the num-
ber of replications from three to four would
use one-third more field space and seeds per
cultigen. However, the additional rows of &
bordered-plat trial would not be handled dur-

ing harvest, whereas the additional (fourth
in this example) replication would add to the
harvest labar. Although it is not possible to
determine the most effective procedure from
these experiments, we believe that adding &
replication in the initial stages of testing and
using bordered plots in the final stages would
be efficacious,

Conclusions. When cullipens of different
types were planted in adjacent field plots,
yield was not significantly affected relative
to the bordered plot (monoculture contral) in
most ceses. That was true even when mixing
tall with dwarf, or resistant with susceptible
cultigens. In most cases, multiple-harvest
trials may be run using one-row plots (mixed-
culligen plantings} without concern of sig-
nificant changes relative to the bordered-plot
trial in the ranking of the cultigens tesied,
Although the cultigens evaluated in this study
represent a significant range of diversity, and
data were collected over 4 years, only a total
of one location and eight cultigens was eval-
vated. Caution should be exercised when ex-
trapolating to other trials, especially in
locations where vines grow more before har-
vesl.
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