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Abstract

The purpose of this paper is to investigate the effect of a combination of reflective film
mulching (RFM) and shading treatments on the growth of carnation at high temperatures.
Combination of RFM and shading treatments increased plant height, length of primary and
secondary branches of carnation seedling. Moreover RFM prolonged the harvest period by
advancing flowering by approximately 1 month, which resulted in the increase of the cut
flower yield. The number of cut flowers harvested in the first 3 months of the harvest period
increased from 33 to 107% compared to the non-mulched plots (over 2 years), and total yield
(harvested until May in the next year) increased by 15%. The optimum results were obtained
when the shading period was limited to 2 months in midsummer, and a longer shading period
decreased the yield as a result of reduced solar radiation. The beneficial effects of RFM on

carnation growth were revealed, namely lowering of soil temperature in midsummer and
supply of solar radiation to the low to middle leaves from the reflective surface.
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Introduction

The optimum temperature for carnation growth
is reported to range for 15 to 20°C which is relative-
ly low among horticultural crops®'”. In the warm-
er part of the country like in southwestern Japan,
the temperature inside greenhouses sometimes exceeds
40°C. To reduce the high temperature stress, seed-
lings were planted in early summer to grow through-
out the hot season at the young and vigorous stage.
Cooling system is also effective, but air conditioning
is not practical due to the high cost. Shading can
be used, and it has been reported to be effective
in the cases of spinach® and bell pepper®. However,
shading reduces the solar radiation which leads to
light starvation inside the plant community, and
decreases the number of lateral shoots® and cut flow-
er yield” in carnation,

We considered to utilize reflective film mulching
(RFM) to compensate for the light shortage caused

Present address:

by the shading treatment. RFM has been extensive-
ly studied for the control of diseases and insect pests
in vegetable crops such as tomatoa}, cucumbcr”,
pumpkin”, lettuce'*'®, bean? and Phaseolus'?.
RFM also has been shown to lower the soil tempera-
ture and increase photosynthesis, resulting in high
yields and high quality. In the case of cultivation
of glasshouse rose during midwinter, covering of the
northern wall with a reflective layer alleviated the
decrease of cut flower yield due to the shortage of
incident solar radiation. For carnation growing,
Yamaguchi'® reported that RFM increased the yield
by 30% compared with bare soil.

Although no reports are available, several studies
indicated the effectiveness of a combination of RFM
and shading on carnation growth. The purpose of
this paper is to investigate how the combination of
RFM and shading treatments affects the yield and
quality of carnation cultivated under standard prac-
tices in Japan.
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Materials and methods

The experiments were carried out in a greenhouse
located at the National Research Institute of Vegeta-
bles, Ornamental Plants and Tea (longitude 135°E,
latitude 35°N). The temperature inside the green-
house was maintained above 15°C. Carnation root-
ed cuttings were planted in 90 cm wide benches filled
with a mixture of soil and compost disinfected with
dazomet in advance. Fertilizer was applied in the
ratio of 3.5(N)-3.0(P)-3.5(K)-1.1(Mg) kg/100 m?’.
Liquid fertilizer consisting of N at 100 ppm was ap-
plied once a week after planting. Plots consisted
of 6 rows, and rows were 10 cm apart from each
other, except for the middle 2 rows which were 30
cm apart. Plant spacing was 20 cm within the row
(36.5 plants/m?), unless otherwise stated. Plants were
watered as required. Flowers were harvested 2 times
weekly at the 10th node level from the neck at full
bloom. Length, weight, stem diameter and droop-
ing grade of stem'”? were determined, and the flow-
ers were graded according to the commercial practice
in Japan, Stem diameter was measured in the mid-
dle of the 5th internode from the neck node. In
all the experiments, aluminized polyester film was
used for mulching.

Experiment 1: Separate effect of RFM and shading
treatments on carnation growth

Rooted cuttings of carnation cv. Tanga were plant-
ed on June 27, 1990 in 2.0 m? plots (I replication).
They were pinched at the 5th node and trained to
hold 4 or 5 lateral shoots per plant. Subsequently
vigorous branches were pinched again. Five treat-
ments were included in the experiment: (1) no-
mulching (bare soil) and no-shading; control, (2)
mulching with RFM (PolyShine Cloth mulch, Hitachi
condenser KK, Japan) and no-shading; RFM, (3)
mulching with RFM (PolyShine Cloth mulch) and
shading during the summer season; RFM + SDS, (4)
mulching with RFM (PolyShine Cloth mulch) and
shading throughout the experiment; RFM+S, and
(5) no-mulching and shading throughout the experi-
ment; NM+S. Shading was applied using a wooden
frame (1.5 m(H) x 1.2 m(W) x 2.2 m(L)) covered
with a cheese cloth (white cheese cloth #200, Kurare
KK, Japan) whose permeability to photosynthetical-
ly active radiation (PAR) was 84%. Plants of plot
3 were shaded between July 26 and September 26
and those of plots 4 and 5 between July 26 and
December 31.
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Plant height, length and number of primary and
secondary branches were recorded on August 26,
Number and quality of the cut flowers were record-
ed from the onset of flowering until December 31
approximately for 3 months, while flowers on the
primary branches were harvested according to stan-
dard cultural practices.

Experiment 2: Effect of reflective surface of mulch
on expansion of plant community
and growth at early stage

The purpose here was to determine how the reflec-
tive film affected carnation growth by modifying the
environmental factors. We used a PolyShine Cloth
(Hitachi condenser KK, Japan) as a reflective film
for mulching and a white cheese cloth (cheese cloth
#200, Kurare KK, Japan) for shading.

(1) Plant community at the beginning of flowering

stage

Rooted cuttings of cv. Tanga were planted on
July 18, 1987 in 4.9 m” plots (1 replication). They
were pinched at the 5th node and trained to hold
4 or 5 lateral shoots per plant. Subsequently vigorous
branches were pinched again. Two treatments were
included in this experiment: (1) no-mulching (bare
soil); control, and (2) mulching with the reflective
film; RFM.

Number and cumulative length of primary
branches longer than 30 c¢m were recorded on
December 8 and the plant community was measured
by the stratified clipping method® on December 9.
Number of cut flowers was recorded from the onset
of flowering until February 1, 1988 (for approxi-
mately 4 months).

(2) Daily soil temperature fluctuations under high

air temperature

Rooted cuttings of cv. Scania were planted on
July 18, 1987 in 4.9 m? plots (1 replication).
They were pinched at the S5th node and trained to
hold 4 or 5 lateral shoots per plant. Subsequently
vigorous branches were pinched again. Two treat-
ments were included in this experiment: (1) no-
mulching (bare soil); control, and (2) mulching with
the reflective film; RFM.

Soil temperature was monitored every 2h at
0.5em and S cm depths between August 5 and
August 14 for each treatment.

Experiment 3: Effect of planting density on carna-
tion growth

The experiment was designed to determine the

optimum planting density for REM. Rooted cuttings
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of cv. Nora and cv. Barbara were planted on June
30, 1993 in 1.6 m? plots (1 replication) at the follow-
ing densities in 4 treatments: (1) standard density
(37.5 plants/m?®) without mulching; control, (2) stan-
dard density (37.5 plants/m?) with reflective film
mulching (PolyShine Cloth mulch, Hitachi condens-
er KK, Japan); SCD + RFM, (3) high planting den-
sity (44.4 plants/m?) with RFM; CPD + RFM, and
(4) low planting density (22.2 plants/mz] + RFM;
SPD + RFM. Then they were pinched at the 5th node
and trained to hold 4 or 5 lateral shoots. Since this
experiment was carried out during an unusually cool
summer, shading treatments were omitted due to the
low temperature and insufficient solar radiation.
The average values of temperature between July |
and August 10, daily integrated solar radiation and
daily integrated period of sunshine were 23.4°C,
10,0 MJ/m? and 5.0 h in 1993, and 26.1°C, 16.2
MJ/m? and 8.2 h in 1992, respectively.

Plant height, number of unfolded leaves and cu-
mulative length of primary and secondary branches
were recorded on August 9 and on September 18.
Yield and quality of the cut flowers were recorded
from the first flowering until the end of the experi-

Table 1.

ment (May 10, 1994).

Results

Experiment [1: Separate effect of RFM and shading
treatments on carnation growth

Reflective film mulching clearly promoted carna-
tion growth 1 month after the treatment (Table 1).
In the RFM plots the plant height, length of primary
branches, and length and number of secondary
branches increased. Shading treatment combined with
RFM during the hot season resulted in an additional
beneficial effect on plant height, length of primary
and secondary branches, whereas the number of
secondary branches decreased .

Cut flower yield decreased in the order of RFM,
RFM +SDS, RFM+8, control and NM+S plots
(Table 2). Production in the RFM, RFM +SDS,
RFM +S and NM + S plots was 2.51, 2.15, 2.11 and
0.62 times higher than that in the control, respec-
tively. The difference in flower production was ap-
parently due to the total amount of solar radiation.
Cut flower weight seemed to be influenced in the
same way as cut flower yield. Cut flower length

Carnation growth response to combination of mulching with

reflective film (RFM) and shading treatments in midsummer

Primary branch

Secondary branch

Plant height

Treatment (em) Length Number Length Number
(em) (/m?) (cm) (/m?)
Control 42.5 34.5 53.8 11.9 151
RFM 58.3 49.6 90.0 14.7 229
RFM + SDS 65.5 52.3 85.1 16.2 189
RFM +8S 65.5 52.3 85.1 16.2 189
NM +8 43.4 36.6 47.5 11.9 104

Data were collected on August 26, 1990.

Table 2. Effects of reflective film mulching (RFM) and shading treatments on yield
and quality of carnation cut flowers

Number Percentage grade of Percentage grade of Percentage grade of
Tieatmiont of cut flower weight™ flower length® drooping®

flowers = = ———
Control 32.5 46.2 53.8 0 46.2 53.8 0 24.0 60.0 16.0
RFM 82.5 56.1 43.9 0 22.8 1.2 0 6.3 64.1 29.7
RFM + SDS 70.0 48.3 51.7 0 3.6 94.6 1.9 1.9 43.6 54.6
RFM+S 68.5 68.9 32.1 0 13.3 84.8 1.9 7.9 47.0 45.1
NM + S 20.1 43.8 56.2 0 - = = 18.9 62.2 18.9

Data were collected for the flowers harvested from the onset of flowering (early October) to December 31, 1990.

a): M (medium); less than 26 g, L (large); 26 to 35 g,
L (large); 66 to 80 cm,

b): M (medium); less than 66 cm,

XL (extra large); more than 35 g,

XL (extra large); more than 80 cm.

¢): EX (high quality); less than 11°, M (medium); 11° to 20°, IF (low quality); more than 20°,
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Fig. 1. Effect of reflective film mulching (RFM) on size of plant community of cv. Tanga

at the onset of flowering

Measurement was conducted on December 9, 1987 by applying the stratified clipping

method.

decreased in the order of RFM+SDS, RFM,
RFM +8, control and NM+8S plots. Classification
by drooping grade was in the descending order of
RFM, RFM+S, RFM+SDS, control and NM+ S
plots.

Experiment 2: Effect of reflective surface of mulch
on the plant community and the ini-
tial stage of growth

(1) Plant community at the beginning of flowering

stage
RFM promoted the early growth of carnation.
Average number of primary branches was 5.2 in the
control and 6.0 in RFM, and cumulative length of
branches in RFM was 37% longer than that in the
control (RFM, 560%117; control, 408 * 64 c¢cm,
respectively). Besides, since RFM subsequently
promoted flowering, the cut flower yield in the RFM
plots also increased by 68% (RFM, 162.5; the con-
trol, 97.0/m?, respectively). Larger plant communi-
ties were obtained in the RFM plots (Fig. 1) on

December 9. Leaf area index (LAI) and dry matter

production in the RFM plots increased by 40.4%

and 58.7% of the values of the control.

(2) Daily soil temperature fluctuations under high

air temperature
As shown in Fig. 2, the soil temperature both
at 0.5 cm and 5 cm depths under RFM was lower
during daytime than that under bare soil whereas
higher during the night. RFM mitigated the daily
fluctuations of soil temperature and its effect was
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Fig. 2. Daily soil temperature fluctuations in summer sea-

son with (A V) or without ( m @ ) reflective film
mulching
Soil temperature was monitored every 2 h at
0.5cm (m A) and 5cm (e ¥) between
August 5 and 14, 1987,

more appreciable near the surface.

Experiment 3: Effect of planting density on carna-
tion growth

Cumulative length of the secondary branches of
‘Nora' was influenced by the treatments (Table 3);
at 71 days after planting the values were in the order
of NM (control) < CPD + RFM < SPD + RFM =
SCD + RFM plots. ‘Barbara’ was not affected by
the treatments. No difference in any other charac-
teristics was observed among the treatments, Fig. 3
shows the seasonal changes in the number of cut
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Table 3. Effect of planting density and reflective film mulching (RFM) treatment

on the early growth of carnation

Plant height

Primary branch Secondary branch

Cultivar Treatment (cm) Length® Number Length®
(cm) (/m?) (cm)
Nora Control 42,1 103.0 10.4 33
SCD+ RFM 42.5 108.5 10.8 233
CPD + RFM 46.9 123.2 10.7 10.5
SPD + RFM 42.8 126.2 10.7 234
Barbara Control 32.8 94.1 9.2 4.3
SCD + RFM 32.9 104.0 9.5 13.7
CPD+ RFM 39.2 104.0 9.6 15.8
SPD+ RFM 32.7 109.3 9.7 14.9
Data were collected on September 18, 1993,
a): Cumulative length of branches per seedling.
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Fig. Effect of planting density and reflective film mulching on the seasonal

change of vyield in carnation c¢v, Barbara
Plots were as follows: control (without mulching, 37.5 seedlings/m?),
SCD + RFM (mulching, 37.5 seedlings/m"). CPD + RFM (mulching,
44.4 seedlings/m?) and SPD + RFM (mulching, 22.2 seedlings/m?).
Data were collected from the onset of flowering in 1993 until May

10, 1994,

flowers of cv. Barbara summed up every 10 days
from the onset of flowering until the end of the
experiment, Seasonal patterns were different between
the RFM plots and the control (no-mulching) for
both cultivars; the highest points of 3 RFMs were
observed at a similar position, almost 1 month earli-
er than in NM, Total yields increased in the order
of NM (control), SPD+RFM, SCD+RFM and
CPD + RFM plots (Table 4). On the other hand,
cut flower yield values per plant in the NM,
SPD+RFM, SCD+RFM and CPD+RFM plots

were 3.45, 5.40, 3.57 and 4,14 in Nora and 3.44,
4.50, 3.45 and 3.44 in Barbara, respectively. The
yield of the SPD+ RFM plot was the highest and
that of NM was the lowest for both cultivars. Cut
flower number per seedling may be related to the
total amount of solar radiation supplied to the seed-
lings although we did not grade the yield of the
SCD + RFM and SPD + RFM plots in this order. The
flowers were divided into 2 groups according to their
harvest earliness; harvested 1) within or 2) out of
the planted year. In both cultivars the crowded plot
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Table 4. Effect of planting density and reflective film mulching (RFM) treatment on the yield
and quality of carnation cut flowers

Number Percentage grade of  Percentage grade of  Percentage grade of
Ha::vesl Cultivai  Tréatmient of cut flower weight® flower length® drooping®
earliness flowers
(/m?) M L XL M L XL M L XL
Early® Nora Control 45.5 0 73.4 266 2.0 17.6  80.4 59 47.0 47.0
SCD + RFM 74.2 6.5 80.7 12.8 4.9 21.7 735 0 45.8 54.2
CPD+RFM 109.8 2.6 85.2 122 0.8 7.3 919 57 344 598
SPD + RFM 54.1 3.9 549 41.2 0 21,1 78.9 9.6 42.3  48.1
Barbara Control 23.8 4.6 77.3 18.1 7.6 424  50.0 30.7  61.3 8.0
SCD+ RFM 61.6 21.3 73.7 5.0 25.0 68.7 6.3 239 714 4.7
CPD+RFM 85.4 20.3 74.4 5.4 49 46,4 48.5 13.6 642 22.2
SPD+ RFM 56.3 14.7 715.5 9.8 23 533 444 334 53.3 13.3
Late¥ Nora  Control 83.9 1.1 27.8 712 2.1 160 81.9 45.8  44.7 9.5
SCD+ RFM 59.8 1.5 36.1 62.4 0 343 65.7 56.9 30.4 12.7
CPD+ RFM 74.1 2.4 69.8 27.8 0 21,7 783 30.2  62.8 7.0
SPD+ RFM 65.6 0 348 65.2 14.3 433 424 41.5  50.8 4.7
Barbara Control 105.2 0.8 14.1 85.2 5.2 539 409 534 431 3.5
SCD + RFM 85.6 TaT 41.2 51.1 13.6 64,0 224 54.1 39.1 6.8
CPD + RFM 90.6 2.9 45.0  52.1 10.4 58.6 31.0 48.8  46.6 4.6
SPD + RFM 43.8 0 15.1 84.9 20.1 484  31.5 62.8 34.2 3.0

Data were collected for the flowers harvested from the onset of flowering (early October, 1993) to May 10, 1994,
Cut flowers were classified as follows:

a): M (medium); less than 26 g, L (large); 26 to 35 g, XL (extra large); more than 35 g.

b): M (medium); less than 61 cm, L (large); 61 to 70 ¢m, XL (extra large); more than 70 cm.

c): EX (high quality); less than 11°, M (medium); 11° to 20°, IF (low quality); more than 20°,

d): Flowers were divided according to the earliness at harvest in 1993 (early) or in 1994 (late), respectively.

tended to produce more drooping flowers, leading to
the increase of flowers with low quality (Table 4).
In the flowers of group | and cv. Nora drooping
was more conspicuous than in those of group 2 and
cv. Barbara, respectively. Furthermore, the CPD plot
produced longer flowers than the other plots without
weight increase, which indicated that the plants in
the CPD plot grew as turions.

Discussion

The effect of the combination of RFM and shad-
ing treatments was evident in the increase of carna-
tion yield. The number of flowers harvested in the
first 3 months increased by RFM by 44 and 154%
in Exp. 1 and Exp. 2(1), respectively, and by the
combination of RFM and shading treatments by 33
and 115%, respectively compared with the control
(no-mulching). However, the increase in the num-
ber of total flowers by RFM was only 15% com-
pared with the no-mulching treatment throughout the
experiment (Exp. 3). Exp. 3 also showed that the
seasonal peaks of yield with RFM occurred approxi-

mately | month earlier than in the case of NM.
These findings indicate that the increase in the yield
of RFM (with or without shading) was mainly due
to earlier flower development and subsequent earlier
yield and prolonged harvest period.

Exp. 1 showed that the effect of RFM and shad-
ing on yield was opposite. The vield increased with
RFM but decreased with shading. Yamaguchi'®
reported that RFM (without shading) increased the
carnation yield by 30 to 40% while shading (without
mulching) reduced it by 8 to 24% compared with
the control (no-mulching and no-shading), and they
suggested that the results may be due to the amount
of available radiation. Stanhill et al.'® stated that
covering of the northern wall and paths between the
rows with a highly reflecting layer (aluminized poly-
ester) increased the yield of cut roses in a glasshouse
during midwinter, and they indicated that the aver-
age radiation requirement was 10.88 MJ per bloom.
Qur results were in agreement with these 2 experi-
ments and the number of flowers corresponded to
the total amount of solar radiation.

The amount of solar radiation also affected the



T. Yamaguchi et al.: Effect of Combination Treatment with RFM and Shading on Carnation 187

cut flower quality. The highest quality in Exp. 1
was observed in the RFM plot with shading but not
in the RFM plot without shading. This phenome-
non may be due to an another effect of the shading
treatment comparable to a thinning effect on carna-
tion at early vegetative growth. Vegetative growth
and the size of the plant community showed that
shading treatment during the summer season reduced
the number and length of the secondary branches.
Kageyama et al.” reported that 60% shading could
delay markedly the development of lateral shoots.
The reduced number of secondary branches of plots
with a high plant density may be caused by light
shortage (Exp. 3). Tanaka & Tanaka'" reported that
the sink activity of lateral shoots was high when the
size of the shoots was small. This observation sug-
gests that the reduction of the number of secondary
branches had suppressed competition among the or-
gans for the assimilates and nutrients. The higher
quality in the summer shading plots may be due to
both the decrease in temperature and the reduced
competition among the organs for assimilates and
nutrients.

Yamaguchi'® reported that RFM increased the
PAR between 0 and 20 cm above surface compared
with the absence of mulching. The increased solar
radiation was due to the amount of reflected light
of RFM which promoted the carnation growth mainly
through the function of light supply to the lower
leaves. Relatively old leaves at a lower position dis-
play an adequate photosynthetic activity. Tanaka
& Tanaka'" reported that the photosynthetic rate
of old (230- to 270-day-old age) carnation leaves at
the light saturation level could reach a value half
of that of young leaves (10- to 40-day-old age), which
is a relatively higher value among the herbaceous
plants, Moreover, the LAI of the lower part was
greater than that of the upper part (Fig, 1). There-
fore, supplemental light provided by RFM to lower
leaves could appreciably affect carnation growth
through the acceleration of assimilation.

RFM also alleviated the daily fluctuations of the
soil temperature. Soil temperature under RFM was
lower during daytime whereas higher during night
than that of bare soil. Schalk & Robbins® examined
the effects of RFM for 3 years on tomato plants
and reported that aluminum mulching lowered soil
temperatures by 5.1°C at the soil surface and 3.7°C
at 7 cm depth compared with the absence of mulch-
ing in a year with the highest air temperature through-
out the experiments, and that the difference in
temperatures between mulching and the absence of

mulching increased as the air temperature rose.
There are several reports on the effect of RFM on
the yield of vegetables. However the effects were
inconsistent, presumably due to the soil temperature
during the experiments. RFM was reported to in-
crease the yield of cabbage”, lettuce'*'®, bean®,
but to reduce the growth, height and yield of southern
pea (Vigna unguiculata)”. The effect of RFM was
inconsistent in tomato®. In general, RFM treatment
during summer resulted in the increase of growth,
height, plant vigor and yield but was no longer
effective or even exerted a detrimental effect during
winter, as the soil temperature attenuation of RFM
is considered to be unfavorable in winter due to the
low temperature. Schalk & Robbins® demonstrated
that the optimum yield was obtained in the plot that
was mulched during summer with a reflective film
and with a black film during winter. Carnations,
whose optimum temperature for growth was report-
ed to range from 15 to 20°C"'V, also need a lower
temperature during summer. This report indicated
that RFM was effective to achieve this objective.

RFM also enhanced the early vegetative growth
and increased the number of early harvested flowers
(harvested until the end of the year under standard
cultural practice in Japan). However, the quality
of the flowers harvested later became lower in RFM
than in bare soil. This phenomenon was ascribed
to the light starvation caused by subsequent strong
shading to prevent overgrowth at early stages. Exp.
3 which was carried out to determine the optimum
planting density showed that the quality of cut flow-
ers harvested later decreased in the plot with dense
planting compared with the bare soil plot. Con-
versely the yield increased with the increase of the
number of seedlings/m?. However, the plot with
sparse planting produced a lower yield than the bare
soil plot in spite of the higher quality of the flowers.
Thus the optimum planting density for RFM was
found to be 37.5 plants/m?, which corresponds to
the standard density in Japan.
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