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Abstract
The combined eﬀects of shoot pruning (one or two stems) and inflorescence thinning (five or ten flowers per inflorescence) on greenhouse tomato yield and fruit quality were studied during the dry season (DS) and rainy season (RS)
in Central Thailand. Poor fruit set, development of undersized (mostly parthenocarpic) fruits, as well as the physiological disorders blossom-end rot (BER) and fruit cracking (FC) turned out to be the prevailing causes deteriorating
fruit yield and quality. The proportion of marketable fruits was less than 10 % in the RS and around 65 % in the DS.
In both seasons, total yield was significantly increased when plants were cultivated with two stems, resulting in higher
marketable yields only in the DS. While the fraction of undersized fruits was increased in both seasons when plants
were grown with a secondary stem, the proportions of BER and FC were significantly reduced. Restricting the number of flowers per inflorescence invariably resulted in reduced total yield. However, in neither season did fruit load
considerably aﬀect quantity or proportion of the marketable yield fraction. Inflorescence thinning tended to promote
BER and FC, an eﬀect which was only significant for BER in the RS. In conclusion, for greenhouse tomato production
under climate conditions as they are prevalent in Central Thailand, the cultivation with two stems appears to be highly
recommendable whereas the measures to control fruit load tested in this study did not proof to be advisable.
Keywords: assimilate partitioning, blossom-end rot, fruit cracking, fruit load, heat stress, Solanum lycopersicum L.,
source-sink relationship, Thailand

1 Introduction
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Tomato (Solanum lycopersicum L.) is the most widely
grown vegetable crop in the world (FAOSTAT, 2015).
Mainly due to temporarily unfavourable climatic conditions (Kleinhenz et al., 2006; Max & Horst, 2009),
high insect pest infestation pressure and associated vectored plant viruses (Nguyen et al., 2009; Maboko et al.,
2011), and fungal diseases (Heine et al., 2011) tomato
fruit yield is generally much lower in tropical lowlands as compared to temperate climates (Muhammad
& Singh, 2007; Max et al., 2009). Among abiotic stressors, heat stress has been identified as a major factor
limiting the productivity of tomato crops in tropical and
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subtropical climates (Allakhverdiev et al., 2008; Abdelmageed & Gruda, 2009a,b). The tissues most sensitive
to temperatures above the optimum, which is reported
to be in the range of 21–27 °C for tomatoes (AbdulBaki & Stommel, 1995; Sato et al., 2000), include the
photosynthetic apparatus (in particular Photosystem II)
(Allakhverdiev et al., 2008) and reproductive organs
(Snider et al., 2012). Both, photosynthetic performance
and development of reproductive organs directly or indirectly aﬀect the source-sink-relationship and thus assimilate partitioning among plant organs. According to
Heuvelink (1995), temperature is the most important climatic factor influencing dry matter partitioning in crops.
In greenhouse tomato grown under the prevailing hot
and humid climate conditions of Central Thailand, relative biomass allocation to fruits of indeterminate tomato
cultivars was observed to be markedly lower than reported for temperate climate zones (Kleinhenz et al.,
2006; Max & Horst, 2009). In previous trials at the
same site, poor fruit set, high numbers of undersized
and parthenocarpic fruits and, moreover, the physiological disorders blossom-end rot (BER) and fruit cracking
(FC) (Liebisch et al., 2009; Max & Horst, 2009) were
identified as the most important factors causing deterioration of fruit quality and hence reduction of marketable yields (Mutwiwa et al., 2008). BER and FC
might also be influenced by source-sink relationships
(Bertin, 2005).
Simple and inexpensive methods to manipulate the
sink-source interaction in tomato plants are measures to
control the number of stems and the fruit load of individual trusses, i.e. shoot pruning and inflorescence
thinning. It is widely accepted that assimilate partitioning among sinks mainly depends on the strength of the
sinks themselves and that source strength and assimilate availability are - unless light is limiting - only of
minor importance in this regard (Heuvelink, 1995; Ho,
1996). During the reproductive growth stage, the fruits
represent the strongest sinks among the organs of tomato
plants (Cockshull & Ho, 1995). Reducing the number of
fruits per truss decreases the overall sink strength of the
generative organs as well as the competition for assimilates between individual fruits within the truss. The sink
strength of individual fruits, on the other hand, increases
at the same time. Accordingly, the final dry weight and
size of tomato fruits increases with lower numbers of
fruits per truss (DeKock et al., 1982; Heuvelink, 1997;
Adams et al., 2001; Fanasca et al., 2007) and, moreover,
results of e.g. Hesami et al. (2012) suggest that fruit
quality may be improved in response to reduced fruit
loads. Inflorescence thinning may, thus, be an option for

optimizing the assimilate partitioning between the fruits
and to decrease the number of undersized fruits. Moreover, manipulating the source sink relationship may alter the proportion of sap-influx into the fruits via phloem
or xylem. Since BER is assumed to be caused by a local
Ca-deficiency in the distal fruit half (Ho & White, 2005)
and the transport of Ca is almost exclusively confined to
the xylem (Clarkson, 1984) this may exert an influence
on BER incidence as well.
In commercial greenhouse tomato production, indeterminate tomato cultivars are predominantly cultivated
with one main stem only and axillary shoots are customarily removed on a regular basis (Navarrete & Jeannequin, 2000; Maboko et al., 2011). In high- and midlatitude regions cultivation with two stems is associated
with yield reductions particularly during periods when
light is limiting, e.g. early and late stages of the growing
season. Compared to temperate climate zones, radiation
available for plant growth is much greater and incident
angle of the sunlight is much less important in the tropics. Accordingly, there is some evidence that under tropical climate conditions cultivating indeterminate tomato
plants with two stems may increase fruit yield per plant
as compared to plants grown with single stems (Kleinhenz et al., 2006; Rahmatian et al., 2014). Kleinhenz
et al. (2006) attributed this to an increased interception of photosynthetically active radiation and thereby
maximized carbon assimilation and propagated double
stemmed cultivation as a “premium measure to improve
tomato fruit biomass under hot tropical conditions”. Additionally, the existence of a secondary stem may influence assimilate availability, i.e. source strength. Continuous stem pruning throughout the cultivation period
generally shifts the partitioning of photoassimilates between sink and source and thus controls growth (Osorio
et al., 2014). A balanced partitioning of assimilates between the fruits may reduce fruit cracking.
The objective of this study was to examine the eﬀects
of trimming indeterminate growing tomato plants to either one or two shoots, as well as reducing the fruit load
by restricting the number of flowers to either five or ten
per inflorescence under the tropical climate conditions
of Central Thailand. A main focus in this regard was the
quantity of undersized fruits and the incidences of BER
and FC, which - in previous trials at the same site (e.g.
Kleinhenz et al., 2006; Mutwiwa et al., 2008; Liebisch
et al., 2009; Max & Horst, 2009) - were identified to
represent the major causes determining the proportion
of non-marketable fruits. On the basis of the results
of this study, recommendations for commercial green-
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house tomato production in Central Thailand and areas
with similar climatic features could be improved.

2 Materials and methods
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10 flowers per inflorescence, resulting in the following
treatment combinations:
a) 1 shoot / 5 flowers per inflorescence (herein after
referred to as “1S5F”)
b) 1 shoot / 10 flowers per inflorescence (“1S10F”)

2.1 Experimental site and greenhouse specifications

c) 2 shoots / 5 flowers per inflorescence (“2S5F”)

The experiments were carried out in an experimental
greenhouse (GH) of the “Protected Cultivation Project”
on the campus of the “Asian Institute of Technology”
(AIT), situated 44 km north of Bangkok in Khlong
Luang, Pathum Thani, central Thailand, (14° 04’ N,
100° 37’ E, altitude 2.3 m above sea level). There are
two distinct seasons in Central Thailand: the rainy season, lasting from May to October in average years and
the dry season from November to May, of which the
latter can be divided in a cooler dry season (Nov.–
Feb.) and a hot dry season (Mar.–May). Average daily
mean temperatures and average monthly precipitation
are 26,5 °C and 27 mm, 29,6 °C / 97 mm and 28,3 °C /
210 mm during the cool dry, hot dry and rainy season,
respectively (Kleinhenz et al., 2006).

d) 2 shoots / 10 flowers per inflorescence (“2S10F”)

The experiments for this study were conducted during the rainy season (“RS”) 2006, from 9 th May to
17th August 2006 and during the dry season (“DS”)
2006/2007 (1 st November 2006 to 2 nd April 2007). The
east-west oriented GH had the following dimensions:
length: 20.0 m, width: 10.0 m, height: 6.4 m to the
ridge and 3.8 m to the gutter. GH-roof and lower sidewalls were clad with an UV-absorbing polyethylene
(PE) film (“Wepelen ™, 200µ, thermic diﬀused, “antidust” / “anti-fog”, FVG, Dernbach, Germany). GHfloors were covered with a white plastic mulch (Silo
plus ™, FVG, Dernbach, Germany). The total area of
GH ventilation openings was 228 m 2 . All ventilation
openings (side walls, gables and 0.8 m high vents underneath the roof ridge) were covered with 52-mesh
(“52 holes per inch” = ∼20.5 holes per cm in both,
warp and weft, directions) UV-absorbing insect-proof
screens (Bionet ™, Klayman Meteor Ltd, Petah Tikva,
Israel). The GH was additionally equipped with two exhaust fans (∅ 1 m, capacity 550 m 3 min−1 ) installed at
the eastern gable end. Fan operation was controlled automatically with a threshold temperature of 30 and 33 °C
for the first and second fan respectively.
2.2 Experimental design and treatments
In both seasons the statistical design was a completely
randomized 2-factorial (2-2) scheme. Of a total of 100
plants, each 50 plants were trimmed to either one or
two shoots. The inflorescences of each one half of every shoot trimming treatment were thinned to either 5 or

The 25 plants of every treatment were randomly distributed within three (RS) or two (DS) GH-rows. Plants
of the side rows were excluded from data collection and
sampling in order to minimize any unwanted eﬀect possibly resulting from the plant’s position neighbouring
the sidewalls.
2.3 Cultural practices
Seeds of the heat-tolerant, indeterminate growing F 1
hybrid tomato (Solanum lycopersicum L.) cultivar (cv)
FMTT260 (AVRDC, Shanhua, Taiwan) were sown in
peat moss on 25 th April 2006 (RS) and 18 th October
2006 (DS) and kept in an evaporative cooled nursery GH
for two weeks. On 9 th May 2006 (RS) and 1 st November 2006 (DS) plants were transplanted to the experimental GH at a density of 1.5 plants m −2 using white
10 L plastic pots filled with a local commercial potting
mix (Dinwondeekankasat, Ayutthaya, Thailand; textural
classes: 30 % sand, 39 % silt and 31 % clay; containing
28 % organic matter; pH 5.3). Substrates were treated
with Trichoderma 10 days prior to sowing and transplanting, respectively. Each one half of the plants was
cultivated with either one or two shoots, for the latter the
first side shoot, which emerged from the first node below the first truss of the primary shoot, was not removed
but allowed to develop into a secondary stem. All shoots
were trained using a high wire growing system (for details see Kleinhenz et al., 2006) and laid down according
to necessity. In each one half of the plants of both shoot
pruning treatments the number of flowers per inflorescence was reduced to either 10 or 5 flowers per truss by
manually cutting oﬀ supernumerary flowers beginning
from the distal end of each inflorescence. The number
of flowers / fruits per truss was repeatedly controlled and
readjusted as necessary. Side shoots of all plants were
removed twice every week and senescent leaves were
regularly removed up to the oldest fruit carrying truss
after the first harvesting. Insect pests were controlled
by alternately spraying of Cypermethrin™ (2 ml L −1 ),
Abamectin ™ (1.5 ml L −1 ) or Spinosad ™ (1.5 ml L −1 )
on a weekly basis (RS) or on survey (DS). After harvesting commenced only Spinosad ™ was applied. Mancozeb ™ (4 ml L −1 ) was sprayed against fungal diseases

48

J. F. J. Max et al. / J. Agr. Rural Develop. Trop. Subtrop. 117 - 1 (2016) 45–56

three times in the RS and twice in the DS. Fertigation
was applied by single drippers with an average emitter
flow rate of 33 ml min −1 and an average leachate of 25 %
of the supply. Fertigation frequency was automatically
controlled based on the solar radiation integral and varied between 6 to 10 irrigation cycles per day. In addition, the duration of the dripper intervals was regularly
adjusted according to plant age from 1 minute in the beginning to 9 minutes at the end of the cultivation period. The average composition of the nutrient solution
was (in mM): N 7.4, P 0.8, K 5.9, Ca 3.1, Mg 0.7, S
1.7, Na 1.8 and (in µM): B 6.0, Fe 4.2, Cu 5.3, Mn 3.8,
Mo 1.1, Zn 1.4. Set EC was 1.5 and 1.8 mS cm −1 prior
to and after the first harvest respectively, maintaining
the same element ratio. Set pH was 5.5. The experiments were ended on 17 th August 2006 (RS) and 2 nd
April 2007 (DS). Due to the rapidly progressing deterioration of the overall condition of the plants during the
final third of the trial, the experiment RS 2006 had to
be ended after 13 weeks already resulting in a markedly
shorter cultivation period as compared to the DS experiment.
2.4 Data acquisition
Temperature and relative humidity inside the GH
were monitored with two aspirated psychrometers
(sensors: sheathed type K [NiCr-Ni] thermocouples,
∅: 0.5 mm, BGT, Hannover, Germany) installed in the
centre of either the front or the rear half of the GH,
1.8 m above the floor. One identical sensor was used
to monitor outside temperature and humidity. Global
radiation was measured with a pyranometer (each one
sensor per GH and outside) type CM11/14 (Kipp and
Zonen, Delft, The Netherlands) positioned in the centre
of the GH, 2.5 m above the floor. Data were sampled
every 15 s, transferred to a data-logger (BGT, Hannover,
Germany) and recorded as mean values every 5 minutes. All sensors were calibrated prior to the start of
the experiment. Plant height and number of clusters of
five randomly selected plants per treatment-combination
were manually rated on a weekly basis. Plant height was
measured from the substrate surface to the tip of the primary shoot. Fruits were picked twice a week starting
from 10 weeks after transplanting (WAT) in the RS and
9 WAT in the DS. Fruits of every individual plant were
harvested separately and divided into the following yield
categories:
a) Marketable yield (healthy fruits > 50 g per fruit)
b) BER-aﬀected fruits (all fruits with visible symptoms of BER, regardless fruit weight, size, or symptom intensity)

c) Cracked fruits (all fruits with visible cracks, regardless fruit weight, size, or symptom intensity)
d) Undersized fruits (all fruits < 50 g, except BERaﬀected or cracked fruits, mostly parthenocarpic
fruits)
e) Other non-marketable fruits (misshapen or disease
aﬀected fruits).
The fruits of each yield fraction were weighed separately. In the DS fruits of all categories were additionally counted while in RS only healthy, BER-aﬀected and
cracked fruits were counted. As in both seasons only
few misshapen or disease infected fruits were found, this
fraction was considered to be negligible.
2.5 Statistical analysis
Statistical analysis was conducted with SAS Version
8e (SAS, 2001, SAS Institute Inc., Cary N.C., USA).
SAS’s “GLM”-procedure was used to perform analysis of variance (ANOVA) and subsequent mean separation by least significant diﬀerence (LSD) test. Percentages and data which were not normally distributed
were transformed to their arcsin or square root prior to
the statistical analysis and results were retransformed to
the scale of the original data afterwards. Except where
explicitly mentioned, the interaction between the main
experimental factors (Number of shoots × number of
flowers per inflorescence) was not significant.

3 Results
3.1 Climatic conditions
The averages of global radiation, daytime air temperature and relative humidity (corresponding vapour
pressure deficit [VPD] values in parentheses) inside
the GH during the course of the experiment were
137.8 W m−2 , 31.7 °C and 75.8 % (1.2 kPa) in the
RS and 265.8 W m −2 , 32.2 °C and 60.9 % (2.3 kPa) in
the DS. Night-time temperatures and relative humidity
(VPD) averaged 28.2 °C and 90.7 % (0.4 kPa) in the RS
and 25.5 °C and 81.2 % (0.6 kPa) in the DS. The profile
of the average weekly daytime means of global radiation, air temperature and relative humidity is shown in
Fig. 1.
3.2 Plant growth
While no eﬀect of the shoot-trimming on average
plant height was observed in the RS, the primary shoot
of plants with one shoot grew taller than that of plants
with two shoots in the second half of the DS (Fig. 2,
left). However, in the last three weeks of DS, coinciding
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Fig. 1: Weekly means of daily global radiation, daytime air temperature and relative humidity inside the greenhouse during
the rainy season 2006 (graphs on the left side) and the dry season 2006/2007 (graphs on the right side) in central Thailand.
Temperature and relative humidity values are means of each two sensors. Global radiation was recorded with one sensor.

Fig. 2: Average height and number of clusters per plant of greenhouse grown tomato plants trimmed to either one or two
shoots during the rainy season 2006 (RS) and the dry season 2006/2007 (DS) in Central Thailand. Data points are means
of each 10 randomly selected plants. Error bars indicate LSD(0.05) (LSD-test, α < 0.05, n=10).
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Fig. 3: Average height and number of clusters per plant of tomato plants grown in greenhouse during the rainy season
2006 (RS) and the dry season 2006/2007 (DS) in Central Thailand. Inflorescences were pruned to either 10 or 5 flowers per
truss. Data points are means of each 10 randomly selected plants. Error bars indicate LSD(0.05) (LSD-test, α < 0.05, n=10).

with a steep temperature increase (Fig. 1), the growth of
the primary shoot of plants with one shoot slowed down,
whereas the reverse was true for plants cultivated with
two shoots (Fig. 2, left). In both seasons, from 5 WAT
onwards the number of clusters was significantly higher
when plants were cultivated with two shoots (Fig. 2,
right).
The reduction of the number of flowers per inflorescence did not influence plant height or the number of
trusses per plant (Fig. 3). However, compared to the
DS, longitudinal growth as well as truss formation was
distinctly restrained during the RS, particularly during
the harvesting period (Figs 2 and 3).
3.2.1 Fruit yield and quality
The duration of the cultivation period and thus that of
the production period (the time in which ripe tomatoes
were harvested) was much shorter in the RS (14 weeks
/ 5 weeks; cultivation period in the greenhouse / harvesting period, respectively) than in the DS (21 / 12).
Both shoot pruning and inflorescence thinning exerted a
strong influence on average fruit weight during the DS
but not in the RS. In the DS average fruit weight was
significantly increased when plants were grown with

only one shoot and on trusses with only five flowers as
compared to plants with two shoots or 10 flowers per
inflorescence, respectively. Consequently, the biggest
fruits were harvested in 1S5F while those in 2S10F were
smallest (Table 1). In the RS the trend for the shoot
trimming treatments (but not for flower-pruning) was
the same, but the diﬀerences were not significant. BER
aﬀected fruits tended to be smaller than average fruits
in both seasons whereas the size of cracked fruits was
above average in the DS but below average in the RS
(Table 1).
Total cumulative fruit yield was almost ten-fold lower
in the RS than in the DS (Table 2). In part, this was a
result of the shorter harvesting period but even when expressed as average weekly yield, the quantity of fruits
harvested during the RS was distinctly smaller as compared to the DS. Averaged across all treatments mean
weekly total yield per plant was 347 g in the DS but
only 108 g in the RS. In terms of marketable yield the
diﬀerence between the seasons was even more striking: While weekly marketable yield per plant averaged 234 g (across all treatments) in the DS, it was
only 10 g per plant in the RS. In both seasons - particularly pronounced in the RS - undersized (predominantly
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Table 1: Average weight [g per fruit] of fruits of diﬀerent categories harvested from tomato plants pruned
to one or two shoots and subjected to inflorescence thinning to either 5 or 10 flowers per inflorescence in a
greenhouse experiment in Central Thailand during the rainy season 2006 and the dry season 2006/2007. †
Average fruit weight (g per fruit)
Treatment combination

Fruit category

average across
all yield fractions

marketable

undersized

BER-aﬀected

cracked

71.6
68.3
60.8
65.9

-.-.-.-.-

-.-.-.-.-

36.3
26.0
30.6
25.8

58.7
56.5
49.0
49.5

56.3 a
49.1 bc
51.4 b
45.3 c

80.8 a
76.0 b
69.8 c
65.9 c

29.1 a
27.3 ab
27.5 ab
26.5 b

45.9
54.4
44.2
45.7

75.9
75.8
53.1
53.3

Rainy Season 2006
1 shoot / 5 flowers
1 shoot / 10 flowers
2 shoot / 5 flowers
2 shoot / 10 flowers
Dry Season 2006/2007
1 shoot / 5 flowers
1 shoot / 10 flowers
2 shoot / 5 flowers
2 shoot / 10 flowers

†
Means followed by diﬀerent letters are significantly diﬀerent between treatments (LSD-test, α< 0.05, n=25,
data on fruit weight of marketable as well as undersized fruits were only collected during the dry season).

parthenocarpic) fruits constituted the largest portion of
non-marketable yield (Table 2, Fig. 4). BER incidence
was considerably higher in the DS than in the RS, where
it was only of marginal importance. In contrast FC was
more prevalent in the RS as compared to the DS (Table
2, Fig. 4).
Except for BER incidence the treatment-eﬀects were
more pronounced in the DS. In both seasons average
cumulated total yield was significantly higher when
plants were grown with two stems, regardless whether
weight or number of fruits were considered. In the DS
also the marketable yield fraction was significantly increased in the double-stem treatment whereas no influence of shoot-pruning on marketable yield was observed in the RS. Double-stemmed cultivation resulted
in significantly greater quantities of undersized fruits in
the rainy as well as the dry season. However, the percentages (proportion of total yield, w/w) did not differ significantly between the shoot-pruning treatments.
The percentage (w/w) of BER-aﬀected fruits was significantly lower in plants cultivated with two stems than
in those with only one main stem in both seasons. During the RS the diﬀerence between the treatments was
only significant for the weight of BER-aﬀected fruits.
Weight, number and percentage (w/w) of cracked fruits
were significantly reduced by cultivating the plants with
two stems during the DS.
Truss thinning resulted in reduced total yields in both
seasons. Marketable yield fraction, however, was not af-

fected by reducing the fruit load per truss. In the DS the
proportion (% w/w) of marketable yield was even significantly increased in the treatment in which the number of flowers was restricted to five flowers per inflorescence.
Greater fruit loads per truss led to significantly increased amounts of undersized fruits in both seasons.
When expressed as percentages the diﬀerence between
the truss-thinning treatments were only found to be significant in the DS. The quantity and proportion of fruits
aﬀected by BER was significantly increased by more intense inflorescence thinning in the RS but not in the DS,
where this eﬀect was only visible as a slight trend. Inflorescence thinning exerted hardly any influence on the
incidence of fruit cracking (Table 2, Fig. 4).
In both seasons cumulative total fruit yield of tomato
plants was the more reduced the more plant development was manipulated either by the applied shoot pruning or inflorescence thinning treatments (Fig. 4). In
the rainy season, however, the increment in total yield
was almost entirely due to increasing quantities of undersized fruits, while marketable yield remained unaffected by the treatments and generally on an extremely
low level.
In the DS tomato cultivation with two stems significantly increased marketable yield whereas the intensity
of inflorescence thinning had no eﬀect on marketable
yield regardless whether inflorescences of plants with
one or two stems were treated (Fig. 4).
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Table 2: Average weight (W, g per plant) and number (No) of fruits per plant and percentages [w/w] of individual non-marketable
fruit classes (BER: Blossom-end rot, FC: fruit cracking) harvested from tomato plants pruned to one or two shoots and subjected
to inflorescence thinning to either 5 or 10 flowers per inflorescence in a greenhouse experiment in Central Thailand during the
rainy season 2006 (RS, production duration: 5 weeks) and the dry season 2006/2007 (DS, production duration: 12 weeks). †
Fruit category
Treatment

Total yield
W

No

marketable
W

No

undersized

BER

%

W

No

%

9.2

337

–

W

FC

No

%

W

No

%

71.7

14.6 0.6

3.2

72.2

1.3

15.9

10.6 0.6

1.8

62.7

1.2

10.5

n.s. ***

n.s.

n.s.

*

1.3

15.0

Rainy Season 2006 (harvesting period: 5 weeks)
1 shoot

463

7.1

2 shoots

618

9.9

54

–

8.6

491

–

79.1

Eﬀect

**

**

n.s.

–

n.s.

**

–

n.s.

5 flowers

490

8.0

47

–

9.8

358

–

72.1

14.9 0.7

3.1

72.4

10 flowers

590

9.0

49

–

8.1

470

–

78.7

10.3 0.5

1.9

72.5

1.1

11.4

*

n.s.

n.s.

–

n.s.

*

–

n.s.

**

**

n.s.

n.s.

n.s.

n.s.

n.s.

n.s.

–

n.s.

n.s.

–

n.s.

n.s.

n.s. n.s.

n.s.

n.s.

n.s.

5.2

6.3

107

1.6

3.6

Eﬀect
Interaction

41

–

*

*

Dry Season 2006/2007 (harvesting period: 12 weeks)

†

1 shoot

3807 73.3

2481 31.5 64.2

972

35.1 25.9

248

2 shoots

4530 94.9

3133 46.2 68.8

1146 42.8 25.6

Eﬀect

***

***

5 flowers

3947 47.1

10 flowers

4390 94.1

***

220

5.4

4.9

32

0.5

0.7

**

***

n.s.

n.s.

n.s.

*

***

***

***

2796 37.6 70.4

823

29.5 21.4

254

6.0

6.2

75

1.1

2.1

2817 40.1 62.7

1295 48.5 30.1

214

4.6

5.0

64

1.0

2.3

***

**

Eﬀect

**

***

n.s.

n.s.

***

***

***

***

n.s.

n.s. n.s.

n.s.

n.s.

*

Interaction

n.s.

n.s.

n.s.

n.s.

n.s.

n.s.

n.s.

n.s.

n.s.

n.s. n.s.

n.s.

n.s.

n.s.

*: α< 0.05, **: α< 0.01, ***: α< 0.001, n.s.: not significant, LSD-test, n=25.

Fig. 4: Cumulated fruit yield of tomato plants trimmed to one or two shoots (S) and subjected to inflorescence thinning
to either 5 or 10 flowers (F) per inflorescence in a greenhouse experiment in Central Thailand during the rainy season
2006 (RS) and the dry season 2006/2007 (DS). Diﬀerent letters above and beside the bars indicate significant diﬀerences
between the treatments in total yield or in individual yield fractions, respectively (LSD-test, α < 0.05, n=25, note that
yield quantity per plant is given in g for the RS and in kg for the DS).
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4 Discussion
Although the daytime air temperatures in the dry season (DS) and rainy season (RS) were of similar magnitude (Fig. 1) when averaged across the entire respective experimental period the duration of the period during which a tomato crop could be reasonably cultivated
inside the greenhouse was much shorter in the RS (14
weeks) as compared to the DS (21 weeks, Fig. 3). In
part, this was probably due to lower solar irradiation,
higher relative humidity (RH) and thus lower VPD in
the RS which limited plant growth as well as total and
marketable fruit yield in comparison to the DS (Table 2,
Fig. 4). Moreover, during the RS the daily means of
daytime air temperature continuously ranged between
30 and 32 °C whereas during the course of the DS the
temperature profile alternated strongly with very hot periods at their beginning and end, but comparably low
temperatures between 7 and 16 WAT (Fig. 1). This
cooler period coincided with flowering and fruit set in
the first trusses and eventually resulted in higher total
and marketable fruit yields from the respective clusters.
However, the most decisive diﬀerence regarding temperature profiles between the seasons was probably the
lower night-time air temperatures during the DS which
were additionally accompanied by lower RH. The observation of distinctly decreased numbers of marketable
fruits during the RS is in line with results of Peet & Bartholemew (1996) as well as Willits & Peet (1998) who –
although temperature level generally was much lower
as in our experiments – reported significant yield reductions when night-time temperatures particularly during
fruit set exceeded 21 °C as compared with control treatments where temperature at night was kept below 20 °C.
The fact that in our experiments parthenocarpic fruits
constituted the major share of the non-marketable yield
fraction, particularly in the RS appears to corroborate
the assumption that reduced pollen fertility entailed by
a lack of pollination was the main reason for poor fruit
set and eventually the very low marketable yield. As
compared to the dry season, distinctly lower total fruit
yields accompanied by simultaneously increased proportions of the non-marketable yield fractions during the
rainy season were likewise observed in previous experiments (Kleinhenz et al., 2006; Max et al., 2009; Max
& Horst, 2009). Similarly, results of Hernández et al.
(2014) demonstrate that seasonal influences do not only
influence yield quantity but also the quality of the harvested tomato fruits.
Furthermore, in accordance with results of Kleinhenz et al. (2006) who found the percentage of total
biomass distributed to tomato fruits to be much lower in
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Central Thailand than reported for temperate climates,
our results suggest that inhibited allocation of photoassimilates into the fruits, due to low sink strength might
have been another important reason for the very low total yield observed particularly in the RS: The additional
reduction of the generative sink-strength imposed by
the truss-thinning treatments invariably lead to smaller
quantities of tomato fruits, indicating that not the competition for assimilates between individual trusses but
the cumulative sink strength of all clusters present at a
time was decisive for yield formation. In previous (e.g.
Liebisch et al., 2009; Max et al., 2009) as well as in experiments conducted in parallel (Max & Horst, 2009),
where the number of fruits per cluster was not manipulated, total yield was always higher as in this study. Further reducing the fruit load by restricting the number of
flowers to 5 flowers per truss further decreased total fruit
yield compared to the treatments with 10 flowers per
truss, a finding similarly reported for other indeterminate growing tomato cultivars by e.g. Heuvelink (1997)
and Adams & Valdés (2002). The result that, in the tropical climate of Central Thailand, double stem cultivation
led to increased total yields in both seasons (whereof
in the RS only the quantity of undersized fruits was increased) point into the same direction: Apparently, double stem cultivation is associated with an increase in assimilate availability due to greater leaf area in combination with significantly higher numbers of trusses (Fig.
2) per plant and thus increased overall generative sink
strength. Under tropical and subtropical climates similar
results were reported for other indeterminate (Kleinhenz
et al., 2006) and semi-determinate (Hesami et al., 2012)
tomato cultivars as well as for cherry tomato (Charlo
et al., 2006). In contrast, for commercial greenhouse
tomato production in temperate climates, however, single stem production is common since – particularly during periods with low solar irradiation – double stem cultivation alike increased planting densities may decrease
light interception to undesirable low levels entailed by
reduced assimilate availability and dry matter allocation to the fruits (Heuvelink, 1995; Adams et al., 2001;
Navarrete & Jeannequin, 2000).
Thus, strategies aiming at increasing the productivity
of tomato plants under climatic conditions as those prevailing in Central Thailand should consider measures to
shift the sink-source ratio in favour of the sinks. This
could include measures to increase pollination success
(e.g. by bumble bees), targeted removal of parthenocarpic fruits, the application of artificial growth regulators, and greenhouse cooling to generally improve pollination and fruit set.
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Generally, compared to the fraction of undersized
fruits, BER and FC incidences were only of minor importance in reducing the marketable yield fractions in
both seasons. However, besides the enormous diﬀerences between dry and rainy season regarding the quantities of undersized fruits as well as total and marketable
yields, also marked seasonal influences on the incidences of the physiological disorders blossom-end rot
(BER) and fruit cracking (FC) were evident. While BER
occurrence was higher in the DS than in the RS, the
opposite was true for FC, which was almost negligible
during the DS whereas it contributed significantly to the
share of non-marketable fruits in the RS. During the RS
an increase in RH towards the harvesting period (Fig. 1)
resulted in increased fractions of cracked fruits, as this
was shown to be caused by large diﬀerences in water
potentials between leaves and fruits (Lara et al., 2014).
The incidence of BER in the RS was only 50 % of that
in the DS (Table 2), which could be attributed to the
higher solar irradiation during the DS, since, according
to Hanssens et al. (2015), “high light decreases xylem
contribution to fruit growth in tomato”.
The eﬀects of the treatments on BER incidence were
more pronounced during the RS whereas they exerted
a stronger influence on FC during the DS. Reducing
the number of flowers per inflorescence significantly increased quantity and percentage of BER-aﬀected fruits
in the RS, an eﬀect which was only visible as a trend in
the DS (Table 2). It was shown earlier that truss thinning leads to increased BER incidences (DeKock et al.,
1982). A probable reason for this observation is that
the increased sink strength of individual fruits in trusses
may shift the balance between sap-influxes via xylem
and phloem towards increased phloem influx and thus
to decreased relative Ca 2+ import into the fruits via the
xylem.
Cultivating the plants with only one shoot resulted in
higher quantities (significant only for the RS) as well as
significantly higher percentage shares of BER aﬀected
fruits as compared to double stem cultivation in both
seasons (Table 2) a result similarly reported by Hesami
et al. (2012). It could be speculated on several factors,
such as more balanced distribution of water and assimilates within the plant (Kim et al., 2014) which may individually or interactively cause this eﬀect. For example, in double stem plants the relative assimilate partitioning to leaves and fruits is shifted in favour of the
fruits (Kleinhenz et al., 2006) which may influence the
relation between leaf and fruit transpiration possibly entailing increased relative influxes of xylem sap and thus
Ca2+ to the fruits, hence decreased BER incidence. A
higher “self-shading eﬀect” within the canopy of indi-

vidual double stem plants may further enhance this effect. However, for an actually reasonable explanation
of this finding certainly more detailed studies would be
required. The same is true for the observation that FC
incidence was significantly increased by trimming the
plants to one shoot in both seasons. This could be attributed to increased assimilate and water influxes to the
fruits via the phloem. Even when the overall photosynthetic activity is reduced, each of the remaining fruits
receives more assimilates which enhances fruit growth
(Rahmatian et al., 2014), thus the weight of individual
fruits is higher (Table 1), and so is, eventually, the probability of fruit cracking (Max & Horst, 2009). Even
though the sink strength of individual fruits is considered to increase when the number of fruits in one cluster
is reduced, no significant eﬀect of inflorescence thinning
on the incidence of FC was observed.

5 Conclusion
Our results clearly demonstrate that a production of
greenhouse tomato with the cultivation practices currently available and applied in a semi-humid tropical
monsoon climate is only reasonable during the dry season. For that period of the year, the causal connection
between temperature profiles and yield data indicate that
adjusting the scheduling of crop production period to
the temperature profile of the DS, i.e. moving the time
of sowing and transplanting forwards to the later weeks
of the RS, oﬀers opportunities to prolong the production
period and hence yield quantity as well as the quality of
a major proportion of the harvested fruits. When cooling
facilities (e.g. evaporative cooled nursery greenhouses)
are available, the production period could be further prolonged by 2–4 weeks. To enable a successful production
during the rainy season, however, profound improvements and development of novel techniques and production strategies are required. To ensure the economic viability of such newly developed systems assessments of
the cost-eﬀectiveness and profitability are indispensable
for respective future studies.
Clearly, for tomato production in climates resembling
that of Central Thailand, pruning tomato plants to one
stem - independent of seasonal influences - is neither
beneficial for yield nor for fruit quality. Thus, as earlier proposed by Kleinhenz et al. (2006) it is recommended to grow tomato with two stems as this strongly
increases yield and, moreover, reduces the incidences of
FC and BER. Inflorescence thinning on the other hand
did not appear to be an appropriate measure to increase
total marketable yield. Blossom removal to numbers
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less than 10 flowers per truss, thus, cannot be recommended. For the identification of the optimal fruit load
further research would be required.
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