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Abstract, A heterogeneous cucumber (Cuwcnais satives L.} population (mostly gy-
noecious) was evaluated ot five locations for single-plant fruit yield at the mature-fruoit
stage in 1981, Seeds from the highest-yielding plants were then harvested, combined,
and partitioned into five lots. Seeds were combined such that each location received
only the superior genotypes from the other four locations, This procedure was contin-
ued lor an additional four cycles using two types of selection: single-plant selection for
fruit number at the mature-froit stage (1981-82) and half-sib family selection at the
once-over harvest stage (1983-84). In 1985, yicld improvement from selection was
measured by compositing the seeds of the selected plants or families from each of the
four cycles and five locations and planting them at the five locations. No progress was
made for total, marketable, or early yield. Percentage of culls was reduced an average
of 0,79 per cyele, Gepotype by environment interaction among the diverse locations

may have prevented progress for vield.

Lonnguist™s convergenl=divergent selec-
tion hiss heen used successfully in maize (Zea
mavs L. o improve vield when exercised
aver several production environments
{Lonnguist et al., 1979). This selection
scheme is miended 10 produce 3 population
that is widely adapted, Although selection
for fruit vicld has been practiced in cucum-
ber for more than half & century, much of
the improvement in cucumber yield can be
attributed 10 improved cultural praclices and
the incorporation of betler levels of discase
resistance, Early vield was improved by the
introduction of pynoecious flowering habi
(Peterson, 19604, but twotal mueltiple-harvest
yield was not (Wehner and Miller, 1985).
The lack of progress for increased fruiting
ability in cucumber might be partislly due o
the small breeding effort in cucumber rela-
tive 1o crops such us maize or tooa lack of
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varighility for yield, Hemtability for vield has
been measured in several cucumber popu-
lations and is in the range of (L17 o 0,25
(Smith et al., 1978; Strefeler and Wehner,
1986], Those resulls indicate that genetic
varighility for vield exisis and is sufficient
10 permit progress by recurrent selection, The
methods used in this study were laier shown
lo be effective and efficient in selecting fin
vield. For example, single-harvest trials can
be used to estimate efficiently the multiple-
hivrvest vicld in pickling (Wehner, 1986 and
fresh-market {Wehner and Miller, 19584} cu-
cumbers,

The objective of this study was o deter-
ming whether progress could be made in dis-
tinct production lecations using convergenl—

divergent selection 1o improve the vield of

cucumber,
Resawrch was conducted at five locations (in

Tuhic 1.

order of planting time): Horticultural Crops
Res. Sta., Clinten, N.C.; Campbell Tnst, for
Research and Technology, Napoleon, Ohio;
Univ. of Wisconsin Expt. S, Hancock and
Arlington; and Central Crops Res. Sta., Clay-
on, MN.C.

Popufation rested. The population used was
the Gynoecious Svathetic (Gyn, Syn.), de-
veloped by intercrossing all gynoecious
pickling cucumber lings available from the
United States and the Netherlands in 1978,
The populution was intercrossed twice be-
fore it was divided into five lots for testing
and selection.

Cultural practices, The population was
selected and tested in five location—season
combinations: Clinton, Napoleon, Hancock,
and Arlington in the spring, and Clavtan in
the summer. Plots were 1.5 m long in rows
(.75 wr L5 m aparl {center 1o center), with
A0 ar 40 plants each. Plots were separated
al each end by allevs, and puanl rows were
used to surround trials. The preceding pric-
tices were shown to be optimal for these kinds
of tests (Smiath and Lower, 1978; Swallow
and Welmer, 1956: Welner, 19858 Wehner
and Miller, 19893, Recommended cultural
pracrices were used al the five selection and
test locations (Hughes ¢ al,, 1983). Planting
dites for the 4 vears of selection and 1 vew
of testing were 13-23 May &t Clinton, 24—
209 May Napoleon, 29 May-11 June st Han-
cock, 4=14 June at Arlinglon, and 1-12 July
at Clayton. Harvest dates were 12 June-7
Aug. al Clinton, 15 July=10 Aug. a1 Napo-
leon, 1-25 Aug. at Hancock, 8-20 Aug. at
Arlington, and 19 Aug.—7T Sepl. at Clavion,

The majority of plots were harvested when
the *Claypsn” check plots had = 10% over-
sized fruits (=51 mm in diameter), as rec-
ommended by Miller and Hughes (1969) for
uptimum yield in once-over harvest systems.
[Mfferences in the tming of hurvest over lo-
cations resulted in ahsolute differences in vield
over test locations, ba the relative differ-
ences among families within locations were
of primary interest in this study. Al harves:,
the number of ttal and cull {erooks and nubs,
bt not oversized ) fruils was counted, as well
as the number of plants in the harvested area.
Tortal fruit number was used Lo estimate viek
rather than fruit weight or value because of
s grester stability and independence from
maturity effects (Ells and McSay, 1881).

Fruit yicld of the Gynoccious Synthetic population over five selection cycles at five locations.”

Selection Yield ifruits per plot) r;'i':'\
cycle Total Marketable Early? Culls (%) plamt
il 1] K] & kT 1.4
1 50 37 L 35 1.5
- 44 a8 9 M 1.4
3 449 3 a9 13 1.4
i 48 3T a9 33 1.4
Calypse 53 43 7 ey 1.6
150 [57%) 3 2 1 3 0.1
b values® 0.5 —0.1 0.3 —{L7 0.0

Dl are means over five tost locations, five selection locations, and five replications.
YEarly yicld is the number of oversized Truits per plon ag once-over harvest (made when the check plol

fad = 10% oversized fruils).
“Mean regressed on cyeles of selection.
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Table 2. Fruit vield of the Gynoecions Synthetic populative over five selection cveles at five lecations,

5 ) Fruits

Selection Selection Yicld {fruits per plat) per
Tecation cvile Tt hiarkeble Early® Culls (%) plant
Clistton (] "3 [zl T4 o 21
| B3 73 21 Y 2.1

2 & 75 26 7 2.1

3 K1 T4 25 7 20

4 B0 75 25 7 2.0

LCithpsc 0z i 17 fi 23

Mapoleon 1} 28 i I F5] 0.4
1 27 T 2 73 1.9

2 27 7 2 13 R

3 26 & 2 T [ %)

4 23 7 2 GU 1.0

Calypso 24 " 2 5h 1.0

Fimenck i a4 44 7 17 1.6
1 39 A T 22 1.5

2 53 44 T 18 1.4

3 54 a5 T 15 1.4

i 53 44 + 18 1.3

Culypse 4 50 L] 13 1.7

Arlinglom ¥ a7 44 fi 23 |.5
1 55 43 it 2 2.2

2 [ 48 7 21 2.0

1 57 45 f 24 1.9

4 50 43 i 24 1.8

Calypsa 54 45 3 16 1.9

Clayton ¥ 20 13 3 57 1.6
| 25 14 3 449 (.7

z L i4 3 5l .5

3 27 15 3 45 0.7

4 25 14 3 48 0.7

Calvpso 31 14 3 43 0.5

Len (55 f 3 2 & 0.2

Tiara are means over five seleetion lecations and Five me Tications. Diffcrences among (reeiments werne
P i

ot significant, P = 003,

sEarly vield is the number of oversized fruils per plot at ance-ove Prvest (made when the check plot

fund = 10% owversized [rults).

Number of marketable fruits, percentage of
culls, end total number of fruits per plant
were caleulated from the harvest data,

Poprfation evaluation. The populalion wis
selecled in cach of the five locations based
o single-plant performance in 1981 and 1982
andd on half-sib family performance in 1983
and 1984, The selection imtensity was (.27,
1.25%, 25%, and 25% for cycles 1 through
4, respectively. Gardner's grid selection
iGuardner, 1961), which provides  for in-
creased control of field variability, was used
1 select single plants. Euch field was di-
vided into a grid of 250 and 100 selection
Blocks for selection in 1981 and 19832, re-
spectively,

The population was tested in 1985 in the
five locations by bulking the seeds from cach
of the eveles and locations to make 20 lots,
ane for exch location-cvele combination, The
C, [the original, unsclecled population] and
u commonly grown cultivar (Calypse, a gy-
nozcious ¥ monoecious hybrid) were also in-
cluded as checks,

Experimental design. A split-plot treat-
ment arrangement in a randomized complete
block design with five replications was used
for the final evalustion of progress in selec-
tion. Whole-plots were the five test lock-
tions, und sub-plots were the 22 genotypes
(4 cveles = 3 selection locations + Gyn.
Syn. O, + “Calypso’). Analysis of variance
wus used 1o test treatment cffects. Linear

lititd

regression anulysis of yield on sclection cycle
was used 1o evaluate progress in selection al
each location,

Selection progress. No progress wis made
during the four cycles of selection for total,
markelable, or carly vield in the Gyn. Syn.
cucumber population {Table 1). Regression
analysis showed a nearly zero slope for prog-
ress curves of the vield variables. We had
hoped to make significant gains from the third
and fourth cycles of selection because the
selection techniques had been improved using
experimental data pathered during the first
part of the study, However, neither single-
plant (cyeles 1 and 2) nor small-plot {cycles
3 and 4) selection had any effect on yield.
Some progress was made for pereentage of
culls, with an aversge decrease in eulls of
0.7% per cycle over all locations (Table 1).
However, the improvement in percentage of
culls was expressed only at the North Car-
oling and Ohio test locations, ranging from
2% 1o 9% over the four eveles of selection
(Tuble 2},

Thire were lurge differences in yield ameong
test locations. These differences seemed 1o
depend an the production environmen (siress,
iemperature, soil moisture, and fertility) and
the differences in harvest stage al the differ-
ent togations. Harvest stage ranged from 2%
oversized fruits on “Calypso’ check plois
Napoleon, Ohio, to 17% oversized fruits al
Clintan, K.C. (Table 2). As a result of these

T e S

differences, the mean squares for location
were large compared 1o all ather sources of
variation [Table 31

Explanations, There are at leas) three pos-
sible explanations for the lack of response 0
selection for yield: 1) the nitial populition
licked penetic variation for yield, 2) the
method of evaluation of vield was not effec-
tive, or 3} genolype # environment inter-
action was significant and confounded
progress for yield at one selection location
with progress made at the other locations.

Explanation 1 is unlikely because in-
creased vield through recurrent selection al
one loeation has been reported wsing Gy,
Syn. C, as a base population (Lertrat and
Lower, 1984; MNienhuis, 1982).

Explanation 2 is possible hecause effec-
tivie yield measurement during the first 2 years
mav not have occurred, Single-plant selec-
tion a1 mature fruit stage has been shown to
b of little value in estimaling green stage
vield in pickling cucumbers (Wehner, 1986
Howeever, the 3rd and 4th years of selection
wsed methods that are effective (Wehner and
Miller, 1984; Wehner, 1986), Thus, al-
though explanation 2 can be used to explain
the lack of response in the first two cyeles,
it does aot explain @ lack of response in the
last two eyveles of selection.

The effect of genotype % environmen in-
teracion is the most attractive explanation
for the observed lack of progress. Genotype
w enviromment interaction has been found
1o be an important source of varinlion in other
crops, such as maize (Comstock and Muoll,
1963). In maize, progress was reported for
vield when a population was selected simul-
taneously over different locations, However,
the locations were ull in the north central
United States and could be considered the
same climatic zone (Lonnguist et al., 1979).
In contrast, locations in our study represenl
at Jeast two distinet climatic zones (south-
eastern and north central United States), 1f
genntype ® environment inlericlions were
an important source of variation in cucum-
ber, it could make inter-regionul selection
progress difficult, In that case, progress made
at one location could be offsel by selection
al another location.

In a North Caroling siudy, the genolype
w environment interaction component of
variance was important in total fruit aumber
of pickling and fresh-market cucumbers grown
far omee-over harvest in 2 years, three sea-
sons, and four locutions {Wehner, [987], The
genotype * environment component ranged
from 58% 10 1829 as large as the genotype
component,

The existence of cultiviars known s **gen-
cralists’ in the United States does not indi-
cale a lack of genotype = environmenl
interaction. For example, *Calypso® pickling
cucember is growr in several regions, but is
not necessarily the highest-yielding cullivar
in each region, Tis peneral success relates o
other superior characterislics, such us dis-
euse resistance and fruit quality.

Conclusions. Rapid progress in selecting
for high vield in cucumber may depend on
developing ““specialists’” that are adapted lo
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Table 3. Mean sguares for test location, selection location, and evole for the Gynoecious Synthetic

popuiation,
Soupee af D"E?'Ch Yield {fruas per ploi) ]-;;::S
vaTiation frecdom Total Marketible  Early* Culls (%) plant
Whale plot
Replication 4 Q7ns 26a5M% 44qns e R L 1=
Test location (T) 4 35,6404 73112 Bn3** 66, 958% 374450
Errar 16 229 1463 47 535 (.37
Sub-plo
Selection location (5) 2 108 Qgh® i 135M% 0,274
Cwele (C) 3 ¥ L 10ms AHE 1220 (.258M%
5 o= 12 17078 1008 Jare 1518 )., 2aMHs
Tx=x5 16 116™8 L fd JH% [0 0,145
T=LC 12 113w apH 2 M5 47 U L
T8 =x(C A8 11555 Bans 20 g2ns 0. 220%
Error 305 114 B3 13 111 0%

“Early vield is the number of oversized fruils per plot &t once-over harvest {made when the check plot
had = 1 oversized fruils),
"= IEMean sguare significant az o= 0001, 0,05, or not significant, respectively,

ponents in pickling cucumbers. . Amer. Soe.
Hort, Sci. 103223225

Strefeler, M5, and T.C. Wehner, 1986, Esd-
mates of herigabilitics and genctic wariances of

a particular region of the United States, rather
than trying to develop “*generalists” using
methods like convergenl—divergenl selee-
tion. Meither spproach is presently being
tuken, beeuuse most cucumber breeding pro-
grams in the United States are regional in
their methods of selection, but their goals are
ter develop “generalists'", In order 1o achieve
maximum vield a1 o particular location, which
lacations can be covered (constituting an ef-
ficien! selection region) by each breeding
program working at its selection location
needs 10 be determined.
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