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Abstract.  Source-sink ratios were modified in cucumber (Cucumis sativus L.) by de-
foliation and defruiting to investigate the role of assimilate supply and demand in
regulating fruit growth. Plants of the cultivar Calypso were subjected to 095, 259%,
50%%, and 75350 defoliation levels. Each level was applied by three different methods
of defoliation involving removal of whole or half leaves or a combination of the two.
Plants in the 0% defoliation treatment (control) were divided into two groups: defrujted
and pollinated. Defoliation treatments were begun at fruit set and maintained through-
out growth, Defoliation of the plants significantly decreased total plant weight and the
fresh and dry weight of the fruits relative to the fruited control. An increase in the
level of defoliation caused an increase in accumulation of dry weight in the leaves and
a decrease in the dry weight of the fruits. Defoliation of 509 or 759 was followed by
an increase in carbon exchange rates determined 7 days after defoliation. Vegetative
controls had equal plant dry weight but only half as much fresh weight as the fruited
controls. Carbon exchange rate was significantly reduced in defruited compared to
fruited plants 16 days after defoliation.

Dry matter production in crop plants de-
pends on the amount of pholosynthetic sur-
face that they display and on the rate of carbon
dioxide fixation (photosynthesis per unit of
leaf area). Most of the variation in yield of
agricultural crops is related to differences in
the rate of increase in leaf arca rather than
lo differences in net assimilation rate (1%).
Leaf area per fruit has been found 1o be 2
limiting factor for fruit growth in the grape-
fruil (Citrus paradisi MacF.) (4).

When source—sink ratios of whole plants
were lowered experimentally, net photosyn-
thetic and net assimilation rates of the re-
maining leaves increased in tomato
(Lycopersicon esculentum Mill.) (16), beans
(Phaseclus vidgaris L.) (1), sovbeans [Gly-
cine max (L.} Merr.] (12}, and other crops
(15). These results suggest that assimilate
accumulation is operating below its maxd-
mum potential. In tomato, 25% or 50% de-
foliation resulted in vield reduction, whereas

Received for publication 28 Feb, 1986. Paper no.
10372 of the Journal Series of the North Carolina
Apricultural Research Service, Raleigh, NC 27605-
7601, The use of trade nomes in this publication
does not imply endorsement by the NCARS of
praducts named or crilicism of similar ones not
mentioned. Research funded in part by the Norh
Carolina Pickle Producers Association. The au-
thors gratefully acknowledge the assistance of H.
R. Horton, Jr. The cost of publishing this paper
was defrayed in part by the payment of page
charges. Under postal regulations, this paper
therefore must be hereby marked advertisement
solely to indicale this fact,

'Graduvate assistant (presently Research-Extension
Specialist in Harticulture, Escusla Agricola Pan-
americana, Tegucigalps, honduras).

*hssociate Professor,

Professor,

704

only the 80% defoliation treatment decreased
yield if plants were defoliated at first or full
bloom (21). Yicld restriction resulted from
a reduction in either flower numbers or fruit
set. Other researchers found that defoliation
of tomato plants during the reproductive stage
limited wield in propertion to the level of
defoliation (2).

Flower remaval on cucumber showed that
a short delay in fruit set was bensficial for
total dry-weight production and number of

fruits produced per plant (14). These results
suggest that aciual photosynthetic leaf area
in the cucumber plant might be limiting 2t
the normal fruit development stage. Photo-
synthetic leaf area is a limiting factor in fruit-
vielding ability of cucumber (13). The ob-
jective of this research was to investigate the
effect of decreasing source size on cucumbes
fruit growth.

Seeds of “Calypso’ were planted in 50-mm
peat pots. Plants were transplanted to 250+
mm diameter pots 19 days after seeding. The
polting medium used was a mix of 1 sand :
1 s0il ; 1 peat. Finely ground dolomitic lime-
stone was added at 833 g-m-? of medium to
adjust the pH 1o 5.8. A 10N—4P-8K fentilizer
at 142 g-m-? was mixed into the medivm.
The plants received three 0.5-liter fertiliza-
ticns containing 2 g-liter-* 10N-4P-BK. Al-
dicarb at 1.3 g per pot was applied about 2
weeks after transplanting. Dinocap at 1.3 g
in 4 liters of water was applisd at sarly flow-
ering.

The plants for the experiment were seeded
19 Oct. and harvesied 21 Dec. 1983 (63 days
later). The following characieristics were
measured: leaf area, stem length, and fresh
and dry weight of leaves, stems, and fruits,

Hand-pallination of the flowers was started
35 days after seeding and continued until all
plants had one pistillate flower fertilized.
Flowers were pollinated daily for 17 days.
Extra plants were grown ariginally to assure
that enough flowers for at least one repli-
cation would open on any one day. A rep-
lication consisted of plants having flowers
that were pollinated on the same day. The
experiment consisted of six defoliation treat-
ments, one fruited control, and one vegeta-
tive control {pistillate flowers removed)
arranged in 8 completely randomized design.

Table 1. Fresh and dry weight of leaves, stems, and fruits in response to defoliation of ‘Calypsa’

cucumber grown in 2 greenhouse.

Defoliation Type of Leaf Weight per plant (g)
%) defoliation® area (m*) Leaves Stems Fruits Tatal
Fresh
il Vegetative control 0.41 85 108 ] 193
] Fruited control (.29 57 54 278 389
5 Half 22 34 52 205 306
25 Whole 22 33 5l 228 333
50 Half 0.16 50 51 205 il
30 Whole 0.19 54 58 177 292
75 Half and whole 0.16 &7 65 65 187
5 Whole 0.12 3l 37 34 161
LSD (5%) 0.03 9 9 a4 55
&V (%) 9 11 10 20 14
Dy
0 Vegetative control 12.2 a0 0.0 20.%
0 Fruited cantral 5.5 2.9 12.5 21.0
25 Half 5.2 2.6 9.7 17.5
25 Whole 5.8 2.7 .1 18.6
50 Half 55 2.6 7.6 13.7
50 Whole fi.3 3.3 T.3 16.9
75 Half & whole 6.2 335 2.6 12.3
75 Whaole .1 3.0 2.0 11.1
LsD (5%) 1.5 0.5 2.1 34
cv (%) 15 10 2 14

*Defoliation was performed by cutting away half of the leaf alonp the midrib, by removing whole
leaves, or by a combination of removing half and whole leaves,
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Tahle 2. Effect of several levels of defoliation and method of defoliation on carbon exchange rate (CER) in leaves and on fruit
size for *Calypso’ cucumbers grown in a greenhouse.

Fruit size {cm™)

Defoliation Type of CER (mg-dm-*-hr~* of CO;)
(%) defoliation® 5 Dec. 7 Dec. 1fi Dec., Mean 7 Dec. 16 Dec.
0 Vegetative control 33 45 28 35 - S
(1] Fruited control 38 40 36 40 139 a4
25 Half 38 44 33 38 123 276
25 Whole 40 44 34 40 115 298
50 Half 36 5l 40 42 85 245
50 Whole i3 55 38 a2 68 234
T4 Half and whole 40 48 35 41 11 24
73 Whele 38 a4 38 40 B 22
LED (5%) 7 7 5 5 EE] ]
e () 12 9 7 7 34 18

[efoliation was performed 4 days after fruit set and rwice subsequently by cutting away half the leaf along the midrib, by removing
whole leaves, or by a combination of removing half and whole leaves.

The treatments were (0%, 25%, 509%, and
T5% defoliation levels; these were accom-
plished by removal of entire leaves, leaf halves
{cutting off one-half of the leaf lamina slong
the midrib), or a combination of both. The
treatments were applied 4 days after polli-
nation had been completed. Additional de-
foliations were made 8 and 17 days after the
initial defoliation (14 to 16 and 16 to 19 [eaf
stages, respectively).

Plants were maintained as single stems by
removing all of the new Jateral shoots. Only
one fruit was allowed to grow on each plant,
and the position of the fruit was at the sixth
and seventh node. At the time the defoliation
treatments were made, single-plant samples
from cach treatment were harvested and leaf
arca determined with an electronic leaf area
meter (LICOR LI 3100, Lincoln, Neb.).

Carbon exchange rate (CER) was mea-
sured three times: 5 days after the first de-
foliation and 1 day before each of the two
additional defoliations. CER was determined
by means of an infrared gas analyzer (AN-
ARAD AR-500 E, Santa Barbara, Calit.).
A flow of ambient air of 1 liter-min-' was
pumped through a 20-liter glass container for
mixing before being used as the source of
incoming air. CER was estimated as the dif-
ference in C0; concentration between the in-
take and the exhaust air by use of the following
formula:

CER (mg-cm-*-h-' of CO;) = 0.1092 (ppm
C0O,) * air flow (liter-min- *)/leaf area (cm?)

The sample chamber was a 10-cm® cuvette
that was clamped onto intact leaves posi-
tioned on the plant two nodes gbove and two
nodes below the fruit for the first measure-
ment, two nodes above and four nodes above
the fruit for the sccond measurement, and
six nodes above the fruit for the third mea-
surement. Length and diameter of the fruits
were measured after each CER measure-
ment, and fruit volume calculated assuming
that fruits were cylinder shaped.
Twenty-five percent to 75% defoliation of
the plants significantly decreased total (leaf
+ stem + fruit) and fruit fresh and dry weight
per plant (Table 1); fresh and dry weight of
Fruits in the 25% defoliation treatment when
whole leaves were removed were an excep-
tion. Simple linear regression indicated that
(g fruit fresh weight per plant) = 294 -
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2.82 (% defoliation) with a good fit 1o the
data (#* = 0.88). ,

When plants were 75% defoliated by com-
bined removal of both half and whole leaves
there was a significant increase in fresh and
dry weight of stems. The plants without fruits
produced the same total dry weight but only
about half as much total fresh weight as the
control with fruits, Dry weight of leaves and
stems of vepetative plants was twice as high
in the vegetative plants as in the fruited con-
trol plants. Leaf areas measured at final har-
vest were slightly higher in defoliation
percentages compared to the control because
leaf area increased after the last defoliation,
The vegetative control produced more leaves,
stems, and total dry weight than the fruited
control, Otherwise there were few differ-
ences in these characteristics among the var-
ious defoliation treatments.,

CER of the plants was highest across all
treatments for the 7 Dec. determination, which
was O days after pollination and 2 days after
defoliation. Fruits were growing actively be-
fore and on 7 Dec, but CER also peaked on
that date in the defruited plants (Table 2).
CER in the 30% defoliation treatments was
higher than in the fruited control treatments
for the determinations of 7 Dec. The CER
values for this second determination were
higher from the 75% defoliation with half
end whole leaves removed. Data from the
first determination showed no apparent trend,
probably because fruits had not started active
growth or had not recovered from the shock
of defoliation. The third determination (16
Dee., 15 days after pollination) showed a
general decrease in CER for all treatmenis,
probably as a result of leaf senescence and
less active fruit growth. CER wvalues were
high for the vegatative contral at the second
determination but dropped sharply at the third
one and (o levels that were lower than those
of plants from any of the fruited plants.

Fruit yield and total fresh- and dry-weight
production per plant were limited nearly in
proportion o percentage of defoliation (Ta-
ble 1). The fact that even a 25% reduction
in leaf area caused a significant restriction in
yield of fruit suggests that the growth of fruits
{size of sink) in the cucumber plant is limited
by the amount of leaf area (size of source).
Assimilate supply from source leaves has been
found to limit vield in mung bean (Phaseofus

mungo L.) (3) and tomato (2, 20), with the
restriction in fruit vield being proportional to
the level of defoliation.

Our data also indicated that as plants were
defoliated, accumulation of dry matter in the
leaves did not change (Table 1). Others (1,
0, 17, 18, 21) have found that partial defol-
fation of plants stimulated the photosynthetic
rates of the remaining leaves. There is evi-
dence that net photosynthetic rate is con-
trolled by the level of assimilate [mainly
starch) in the leaves by a feedback control
mechanism {5, 6, 10). Perhaps damaged
leaves have lower nel photosynthetic rales
than undamaged leaves.

Our data suggest that as the level of de-
foliation is increased, dry-weight accumu-
lation (possibly as starch) acts as a feedback
mechanism to inhibit CO, assimilation. The
rate of photosynthesis in a leaf may be reg-
ulated by the demand for pholosynthetic
products in other tissue {5, 11, 17). The in-
hibitory effect of defoliation on fruit growth
might impose a self regulatory mechanism
by decreasing the demand for assimilates from
a sink.

Photosynthetic rates averaged 12,5% lower
in vegetative plants than in the control plants,
but leaf arex in the former was 42% larger;
consequently, total dry weights were similar.
A combination of the mechanisms men-
tioned before could also be inhibiting CO,
gssimilation under these conditions. Leaf se-
nescence has been reversed by defoliation
(7, 8) and might have been accelerated by
the absence of fruit on the vegetative control
in this gxperiment.

The effect of sink size on CER cannot be
explained from the defoliation experiment
because it was confounded with defoliation
effects. Cur studies on the effect of fruil size
on plant growth indicate that fruil growth
affects mostly dry matier partitioning but not
net photosynthetic production per plant.
Vegetative sinks were capable of replacing
reproductive sinks in their role for assimilate
demand (Ramirez et al., unpublished data).

In summary, 2ll of the leaves on the plants
of “Calypso® pickling cucumber grown in the
greenhouse are necessary for maximum fruit
yield. Removal of whole or parns of leaves
resulted in restricted fruit production per plant,
Leaf remowval also induced the plant to com-
pensate for the loss by producing extra leaves.
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Thus, increase in fruit yield might be achieved
in cucumber by developing cultivars with
preater leaf area and by preventing defolia-
tion by diseases and insects.
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