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Abstract.  Growth analyses were conducted in the greenhouse on two commercial lines,
‘Calypso’ and M 21 [of coltivated cocumber (Cucumis safives L. var. sativus] differing
in growth habit and one line, L] 90430, of the wild cocomber Cucuenis sativus L. var.
Hardwickii (R.) Alef., to determine relationships between morphological characteristics
and fruit yield. Multiple fruiting in L] 90430 was associated with high leaf area and
multiple branching. The standard commercial pickling cultivar, Calypso, which usually
produces one to two fruit per plant per harvest, had less leaf area and fewer branches
per plant than LJ 90430, Competition between early fruit development and vegetative
growih was possible in ‘Calypso’ and M 21, but not in L] 90430, which did not begin
fruit development until vegetative growth was completed. Dry weight percentage in
the fruit of LY 90430 was low initially and Increased steadily until the final harvest.
Dry weight percentages in the fruoit of ‘Calypso’ and M 21 were high initially and
decreased generally thereafter. Relative growth rates of the whole plant followed sim-

ilar trends in LJ 90430, ‘Calypsc’, and M 21.

The growth of a developing fruit on a cue-
umber plant inhibits the development of fruits
that set later (4). It also affects the devel-
opment of the roots and the main shoot apex
(9, 13). The inhibitory effect ceases when
the growing fruit is removed, allowing the
production of several fruit per plant under
multiple-harvest conditions. However, yields
of only one to two fruit per plant are typical
for crops harvested once-over (10).

McCollum (9) propased that the mecha-
nism of inhibition was the result of growth-
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regulating substances produced by fertilized
ovaries. This possibility was investigated by
Nienhuis (11}, who made reciprocal prafis
of Cucumis sativus var. sativis and Cucumis
sativus var., hardwickii (referred to as sativus
and hardwickii, respectively, hereafter).
Hardwickii is a progenitor or feral cucumber
that sets a large number of fruit, apparently
lacking the inhibitory cffect of one fruit on
another (B). Nienhuis did not find any evi-
dence for an inhibitory prowth substance that
could be translocated from developing sati-
vus fruits across a grafted union and inhibit
fruit setting on a hardwickii recipient scion
(11).

Another explanation for the inhibitory ef-
fect of one fruit on another could be that fruit
of the commercial cultivars of cucumber
constitute strong sinks for assimilates, which
draw heavily on plant supplies and inhibit
the development of other fruit. Photosyn-
thetic leaf area was found 1o be a limiting
factor in cucumber yield (13).

The objective "of this study was to deter-
mine if morphological characteristics or de-
velopmental features contribute to production
of greater fruit weight and number in cucum-
bers. In addition, hardwickii was evaluated
as a multiple-fruiting line for use in plant
breeding programs as a source of genes for
high yield.
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DAYS AFTER PLANTIHG

Fig. 1. Plant growth from pollination through
mature sced stage (32 to B3 days after pl:mtmg;}
in three cucumber lines (LJ 90430, *Calypso’,
and M 21). Data shown are dry weights of the
whale plant (TDW), fruit (FOW), leaves (LDW),
stems (SDW) and roots (ROW), and leaf arca
(LA).

The study was conducted in the Horticul-
tural Seience greenhouses in Raleigh, N.C.
during Fall 1952, Three lines, LJ ?{1431] {a
multiple-branching, late-maturing line from
India), ‘Calypsa’ (a tall, indeterminate, garly-
maturing cultivar), and M 21 (a dwarf, de-
terminate, medium-maturity breeding line
from Morth Carolina State Unli\'.]l were U§¢ﬁ
in the experiments. The experimental design
was a split plot in a randomized complete
block with four replications. Harvests were
made 32, 39, 46, 53, 60, 67, 74, 81, and
88 days afier planting, beginning 2 MNov. and
ending 28 Dec. .

Seeds were planted in 50-mm-diameter peat
pots containing a 1 sand : 1 soil : 1 peat (by
volume) mix. The soil medjum was mixed
after adding 833 g of finely ground dolomitic
limestone and 142 g of 10N-1.8P-6.6K per

146

Table 1. Fruit number per plant and dry weight of leaves, stems, fruits, and roats of LT 20430,
‘Calypso’, and M 21 at final harvest (B8 days after planting) in the gpreenhouse.®

Cultivar Fruit Dry wt per plant (g]

or line na. Leaves Stems Fruit Roats Total
L] 90430 26 12.4 2.9 40.8 2.6 65.7
Calypso 3 9.2 53 43.7 1.7 59.9
M 21 2 7.4 3.0 243 0.7 36.0
15D (55%) 4 1.3 0.8 12.6 0.9 15.1
ov (%) 24 11 g 20 3 17

*Data are means over four replications.

Table 2. Stem length and fresh weight of leaves, stems, and fruit per plant of LY 90430, *Calypsa’,
and M 21 at final harvest (88 days after planting) in the greenhouse.®

Cultivar - Stem length Fresh wt per plant {g)

or line lemy Leaves Stems Fruit Total
LT 90430 1070 79 120 504 03
Calypso 195 6 86 769 03]
M2 « B6 T4 43 468 583
L5 (5%} &0 16 13 108 123
oy (%) B 12 9 11 1]

*[ata are means over four replications.

*The sum of main stem length plus length of all branches per plant.

m?. Uniform plants were transplanted 20 days
after seeding to 250-mm-diameter pots con-
taining the same soil medium. Plants were
given three 0.3-liter fertilizations containing
2 gliter-! 10N-4P-BK at 2-week intervals.
Dinocap [2,4-dinitro-6-octyl-phenyl-croton-
ate; 2,6-dinitro-4-petyl-phenyl-crotonate; and
nitrooctyl-phenals {principally dinitra)] was
sprayed at flowering with 1.3 g a.i. in 4 liters
of water to control powdery mildew and re-
peated later as necessary. All plants were
hand-pollinated daily during a period lasting
at least 16 days.

Seeds of LI 20430 have a dormancy pe-
riod lasting several months after harvest. To
overcome that dormancy, seeds were soaked
in acetone for 24 hr, air-dried for 4 hr, and
incubated at 387 to 40°C and 100% BH for
48 br. In order 1o induce flowering of 1J
90430, plants were placed under shadecloth
beginning 2 days afier germination and sub-
jected to a photoperiod of 9.5 hr for 17 days
before transplanting.

The following measurements were made
at each harvest: fresh and dry weight of leaves,
stems, fruits, and roots; number of leaves,
fruits, and branches; stem length; and leaf
area. Due to difficulty in separating the roots
from the wet soil medium, fresh root weight
was not used in any calculations. Total fresh
weight was calcelated as leaf 4 stem +
fruit fresh weights. Total dry weight was cal-
culated as leaf + stem < fruit + root dry
weights. Leaf area was determined with an
electronic leaf area meter (LI-COR LI-3100).
Relative growth rates were estimated by use
of the formula: RGR = 1/W x dW/dt, as
described by Beadle et al. (1), where RGR
= relative growth rate (g-g-! per week), W
= initial total dry weight of the plant (g),
dW = increment increase in dry weight (g)
in time dt, and dt = 1 wesk,

At the end of the growing period (88 days),
LJ 90430 and *Calypso” had produced about
the same amount of total (leaf + stem 4+
fruit + root) dry weight and fruit dry weight

(Table 1). M 21, however, had produced
significantly less total dry weight than the
others. LY 90430 incorporated a greater pro-
portion of dry weight into leaves, stems, and
roots than the other two lines {9.3%, 6.4%,
and 6.2% for LJ 90430, “Calypso’, and M
21, respectively), and the number of fruit per
plant was significantly increased in LT %0430,
“Calypso” had a significantly greater total
fresh weight and froit fresh weight than LI
90430 and M 21. Stem length (which was
related directly to branch number) was sig-
nificantly higher in LY 90430 than in ‘Ca-
lypso” and M 21. “Calypso” had a significantly
higher stem length than M 21 (Table 2).
*Calypso” had a significantly higher leaf
area than LJ %0430 and M 21 in the first two
harvests (32 and 39 days after planting);
howewver, LT 90430 had the highest leaf area
after 39 days (Table 3, Fig. 1). Fruits started
developing on plants 37 days after planting
in *Calypso®, 39 days after planting in M 21,
and 33 days after planting in LI 90430. At
that time, their leaf area had developed 65%,
59%, and 93%, respectively, of their maxi-
mum leaf areas, In *Calypso” and M 21, fruit
set occurred =1 week before stems and leaves
had reached maximum dry weight. In LI
R0430, fruit set coincided with the comple-
tion of maximum vegetative development.
Final root dry weight was significantly
higher in LI 90430 than in *Calypso®, which,
in turn, had higher root weight than M 21
(Table 1). Differences among the three lines
in root dry weights were greater on a per-
centape basis than differences in total weight.
That difference resulted in a dry weight for
roots representing 4% of the total dry weight
in LT 90430 but only 3% and 2% in “Ca-
lypso’ and M 21, respectively (Table 4).
At final harvest, fruit dry weight and fruit
fresh weight as a percentage of total plant
weight was significantly higher in *Calypso’
than in M 21, which, in turn, had & signif-
icantly higher percentage fruit weight than
LJ 90430 (Table 4). That trend was evident
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Table 3. Leaf area per plant at 2ach of nine weekly samplings of LY 90430, “Calypso’, and M 21 in the preenhouse.

Leaf area® (cm?)

Cultivar Days after planting

ar line 32 39 46 53 0 67 74 g1 88
17 90430 74 1928 3734 5152 5715 5744 S601 5583 5305
Calypso 123 2489 3604 4025 3770 3832 3980 4082 4086
M2 105 1928 3106 3547 3473 3254 2958 3151 3252
LsD (5%) 15 560 BOG 17 885 906 759 905 1075
ov (%) 9 15 13 10 12 12 1 13 15

*Data are means over four replications. Analyses were performed separately for each of the nine harvests.

Table 4. Percentages of total fresh and tatal dry weight per plant panitioned into leaves, stems, fruits,
and roots of 1J 90430, “Calypse’, and M 21 at final harvest (88 days after planting) in the greenhause.

Partiticning into organ®

Cultivar Fresh wt? Dry wt

ar line Leaves Stems Fruit Leaves Stems Fruit Roots
LI 20430 11 17 72 19 15 62 4
Calypso 3 9 83 15 ] 73 3
M2l 13 7 80 22 B 68 2
L50 (5% 1 p 3 2 2 3 1
cv fgﬂl }I 7 11 2 4 B 3 28

*Mata are means over four replications.

*Fresh weight calculated without roots due to difficulty in separating them from the wet so0il medium.

as carly as 1 week after fruit set. At that
time, fruit dry weight in ‘Calypso’ rep-
resented =28% of the total dry wgighl, as
compared to 13% and 219, respectively, in
LT 90430 and M 21. On a fresh-weight basis,
fruit weight in “Calypso’ 1 week after fruit
sct represented 38% of the total as compared
to 30% and 229, respectively, for M 21 and
LJ 90430 (Fig. 1). LJ 90430 accumulated a
significantly higher percentage of frcsh‘. and
dry weight into its stems than ‘Calypso® and
M 21 (Table 4). M 21 produced a sjgr‘lm-
cantly higher percentage of leaf fresh weight
and leaf dry weight than LT 90430 and *Ca-
lvpso’.

Our results indicate that ‘Calypso’ !13:.1
produced the same amount of total dry weight
and Fruit fresh weight as LY 90430, in spite
of having a smaller leaf area (Fig. 1). The
increased production of dry weight relative
to leaf area observed in “Calypso’ could be
the result of an increase in leaf pholosyn-
thetic rates. The early presence of fruits might
be a factor leading to enhanced photosyn-
thetic rates. That factor has been shown for
apple (Malus domestica Borkh.) (5), potato
(Solanum mberosum L.) (12), and other crops

2).

[ }Fm[t growth in ‘Calypsa’, M 21, and other
commercial cultivars usually begins before
vegetative growth is completed. In LY 90430,
however, fruit growth did not start until veg-
etative growth was completed (Fig. 1). Early
competition for assimilates between fruits and
vegetative patts during the period of early
development of fruit could be a factor influ-
encing fruit set and development. This sug-
gestion is in agreement with the high depree
of inhibition of the first fruit on the devel-
opment of other fruit found in *Calypso’ and
M 21, On the other hand, LT 90430 produced
many fruit per plant and did not have any
significant competition between vegetative
and reproductive sinks.
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The dry weight percentage in the fruit of
‘Calypso” and M 21 was high initially but
decreased rapidly later. That occurrence was
probably a result of rapid fruit growth, In L)
90430, where fruit growth was slower, the
percentage of dry weight in the fruit was low
at the beginning but increased steadily afier-
wards. It is possible that rapidly growing sinks
in *Calypso’ and M 21 create a steep gradient
in assimilate concentration. That develop-
ment, in turn, results in the sink drawing
assimilates from more distant source leaves
than do weakly growing sinks (3). That de-
mand could help explain, at least in part, the
strong inhibitory effects of the first fruit on
those developing later, as is common in *Ca-
lypso’ and other cultivars. Hewitt et al. (6)
found that fruit of tomato (Lycopersicon es-
cilennurn Mill.) lines having higher solids
content were also stronger sinks for assimi-
lates than those of lines that had low solids
content, Additional research is necessary to
determine whether there is a relationship in
cucumber between fruit solids content, stage,
and rate of fruit development and sink
strength.

Compared to cultivated lines of cucumber,
the hardwickii line, LY 90430, was distinc-
tive in having strong vegetative sinks and
weak reproductive sinks. Another character-
istic feature was its multiple branching. Typ-
ically, plants were not single-stemmed as with
*Calypso’, but produced about four main
stems with short lateral branches at most
nodes. Usually, one fruit set and developed
at the end of each short branch. Fruit also
set at the nodes where no short lateral branches
had developed. The possibility of an asso-
ciation between branching habit and multiple
fruiting is yet to be investigated.

A significantly higher leaf area was pro-
duced 53 days after planting and beyond by
the multiple fruiting line, LJ 90430, as com-
pared to ‘Calypso’ and M 21 (Table 3). That

higher leaf area was due to many small leaves
on LI 90430 plants. Large Icaf arca has been
associated with high solids content in tomato
fruit (7), but not with high number of fruit.
There is a need for further investigation on
the relationships among leaf area, photosyn-
thetic rate, and the time leaves remain pho-
tosynthetically active. Such information eould
help explain the role of source strength in
determining fruit set and development in
cucumber.

LT 90430 is an important breeding line
because of its delayed fruiting, multiple-
branching, and high leaf area. However, it
may not be useful as a source of germplasm
for plant breeders interested in developing
high-yielding lines because, in spite of the
increased leaf area and delayed fruiting, fresh
fruit weight was lower than that of *Calypso’
and dry fruit weight was the same.
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