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Soilless culture is the most popular cultivation method in
greenhouse farming and fertigation in soilless culture
determines the qualitative and quantitatively yield of tomato
(Solanum lycopersicum L.). The demand for plant nutrients vary
with the surrounding environment, growing medium, and plant
growth stages of the crops. Most recommended fertilizer
dosages for greenhouse crops have been developed to match
with the environmental conditions in the temperate region. This
study attempted to identify the optimum potassium (K) fertilizer
application rates for different growth stages of tomato grown in
soilless culture under semi intensive greenhouse environment
(31+2 °C daytime temperature and 75% relative humidity).
Selected dosages of K for greenhouse tomato (K treatments)
were compared at advancing growth stages (0.05-0.4, 0.1-0.55,
0.2-0.6 and 0.25-0.65 g/plant/day) in a replicated trial. At the
end of each growth stage, plant growth parameters and leaf
tissue nutrients were assessed to compare the K application
rates. Based on growth parameters, marketable yield and plant
nutrient contents, the optimum K fertilizer application rates for
vegetative, early reproductive, middle reproductive and late
reproductive growth stages of tomato were 0.1, 0.2, 0.3 and 0.35
g/plant/day, respectively. These application rates were able to
maintain the plant tissue K concentrations of 2.5, 2.1, 2.5 and
2.8% at respective growth stages. Optimum K application rates
identified in this study would be useful for making growth
specific fertigation recommendations for greenhouse tomato
grown in soilless culture under tropical conditions in order to
make protected culture is more cost effective and environmental
friendly.
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INTRODUCTION

Soilless culture is the most popular cultivation
method practiced in greenhouse agriculture all
over the world. Tomato (Solanum lycopersicom L.)
is one of the dominant vegetable crops in
greenhouse agriculture. Fertilizer usage is
comparatively high in soilless culture since the
growing medium needs to be fortified with all the
essential nutrients (Sainju et al, 2003). It is a well-
known fact that plant nutrient requirement is
dependent on the growth stage of a given crop
particularly for macronutrients such as N, P and K
(Bar-Yosef, 1992). The plant nutrient requirement
is defined in terms the critical nutrient content in
plant tissues. Therefore, plant tissue testing is an
important tool for use in achieving a high degree of
precision in fertilizer management (Hochmuth et
al, 2012). Most recently matured whole leaf is the
nutritional status of the plant. In case of tomato,
this leaf is usually the fifth or sixth leaf from the
apex (Hochmuth, 2001).

Meanwhile the yield and quality of soilless culture
tomato depend on the nutrient availability in the
growing medium (substrate) (Sainju et al.,, 2003). A
number of internal and external quality
parameters of tomato are affected by K nutrition
(Passum et al, 2007; Truffault et al, 2019).
Greenhouse growers in Sri Lanka and many other
countries apply chemical fertilizers
indiscriminately, seeking yield advantages
(Erabadupitiya et al, 2019; Ortas, 2013). It has
caused to increase the cost of cultivation in soilless
culture while polluting soil and water, as 25% of
nutrients and water are drained-out from non-
recirculating soilless culture (“open” type
hydroponics) systems (Putra and Yulindo, 2015).
Moreover, over dosages of fertilizers affect the
harmonious natural nutrient balance in the
substrate and thus the availability and uptake of
plant nutrients. Increasing K application does not
always improve tomato yield as only 45 % of the K
supplied is absorbed by the greenhouse crops
(Voogt and Korsten, 1996) and also it suppresses
Ca and Mg uptake (Liu et al, 2011). Therefore, it is
needed to provide better guidelines for growers to
optimize N and K dosages to maintain the expected
yield and quality at each growth stage of
greenhouse crops. Research done on optimizing N
dosage in soilless culture have been reported
earlier for a range of crops and greenhouse
environments (Erabadupitiya et al, 2020; Bryson
and Barker, 2002; Hochmuth, 2001). Similarly,
optimum tissue K range varies with the crop
growth stage (Voogt, 2002), and the growth stage
based K demand have been established for major
greenhouse crops (Hochmuth et al, 2012;
Campbell, 2000; Uchida, 2000;). According to the

| 463

plant nutrient requirements, five main growth
stages have been identified for greenhouse tomato
crop, namely the nursery stage, vegetative stage,
flowering/early reproductive stage,
fruiting/middle reproductive stage and heavy
fruiting/late reproductive stage in which plant
nutrient requirements are variable (Bryson and
Barker, 2002; Mayakaduwa et al, 2008; Growing
greenhouse vegetables, 2010). Therefore, the
recommended K dosages for maintaining optimum
tissue K levels of a crop grown under temperate
conditions and a specific growing medium cannot
be directly applied to coco-peat medium grown
crops under hot and humid conditions prevail in
tropical semi-intensive greenhouses.

Therefore, this study was carried out to determine
the plant growth stage specific optimum K
application rates for tomato grown in coco-peat
medium based soilless culture under hot and
humid greenhouse conditions prevail in the
tropics.

METHODOLOGY

A field study was conducted under greenhouse
conditions (having semi-intensive environment
controls) in the University Experimental Farm at
Meewathura, Peradeniya (agro-ecological zone;
WM?2) during May-September, 2018. The day and
night temperatures of the greenhouse were at 29-
339Cand 26-28 °C, respectively, while the day time
relative humidity was at 75-80% during the
season.

K treatments and soilless culture of
tomato

The seeds of tomato cv. Larisa F1 [Best Seed (Pvt.)
Ltd.,, Colombo, Sri Lanka] were propagated in
plastic crated, using properly washed coco-peat
(coconut pith with nearly 10% of coconut fiber) as
the growing medium under greenhouse conditions.
Since coco-peat does not contain significant plant
nutrients since, available salt in coir dust can be
easily removed with a heavy irrigation (Cresswell,
1992). The plants in the nursery were supplied
with a foliar application of Albert’s fertilizer, (CIC
(Pvt.) Ltd., Colombo, Sri Lanka), a hydroponics
fertilizer twice a week (a routing practice
recommended for greenhouse nursery
management). At the end of the four weeks nursery
period seedlings were transplanted to vertically
oriented coco-peat filled 12 L dual colored
polythene grow bags, having drainage holes at the
bottom. The coco-peat medium was thoroughly
washed and steam sterilized before using as a
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Table 1. Potassium application rates under each K treatment at different growth stages of tomato

K application rates in treatments (g/plant/day)

Growth stage

T1 T2 T3 T4b T5 T6 T7
Vegetative stage (1-3 WAT?) 0.05 0.10 0.20 0.25 0.3 0.35 0.4
Early reproductive (4-7 WAT) 0.10 0.20 0.30 0.35 0.4 0.5 0.55
Middle reproductive (8-11 WAT) 0.20 0.30 0.40 0.45 0.5 0.55 0.60
Late reproductive (12-15 WAT) 0.25 0.35 0.45 0.50 0.55 0.60 0.65

aWAT: Weeks after transplanting
bK-rate widely practiced by commercial farmer

growing medium where its chemical properties
(pH of 6.5 and EC of 0.6 mS cm'1) were within the
recommended range (Cresswell, 1992). Grow bags
were kept at the planting density of 3 plants/m?
and on plastic trays (in order to collect the leachate
and circulate 1-2 times per day). Crop management
practices including plant protection were done as
described by Weerakkody et al, (2008). As plants
grew, all lateral shoots were removed manually
and the main stem was trained to a vertical string.

The experiment was laid-out according to a RCBD,
having seven potassium (K) dosage treatments
(specific for each growth stage) and three
replicates. Potassium treatments were decided to
maintain a gradual deviation towards higher as
well as lower sides from the widely practiced K
dosage by  commercial farmers (T4)
(Erabadupitiya et al, 2019). Potassium supply in
each treatment was maintained by toping up of the
K dosage available in the standard dosage of
Alberts fertilizer (K ranged 0.3-0.1 g per plant)
with commercial grade KCl. Total potassium rate
applied in each treatment were ranged within 0.05-
0.4, 0.1-0.55, 0.2-0.6 and 0.25-0.65 g/plant/day in
vegetative [1-3 weeks after transplanting (WAT)],
early reproductive stage (4-7 WAT), middle
reproductive stage (8-11 WAT) and late
reproductive stage (12-15 WAT), respectively
(Table 1). At the end of the growth stages, total K
contents supplied for treatments K1 through K7
were 16, 26, 36, 42, 47, 54 and 59 g/plant. The
optimum N application rates developed earlier
(Erabadupitiya et al, 2020), were applied to
supplement nitrogen at each growth stage (0.01,
0.05, 0.09 and 0.14 g/plant/day) at the above
mentioned four growth stages, respectively and N
rates were adjusted using calcium nitrate.
Meanwhile, Phosphorus and other essential plant
nutrients were supplied at the standard dosage
(Saparamadu et al, 2011) using Albert’s fertilizer
[CIC (Pvt) Ltd., Colombo, Sri Lanka], the most
popular source of plant nutrients for soilless
culture vegetable cultivations in Sri Lanka
(Erabadupitiya et al, 2019).

The irrigation volume was increased from 500
mL/plant/day, to 1200 mL/plant/day along with
the advancing plant growth stages using reported
by Mawalagedera et al, (2012) for semi-intensive
greenhouse conditions in the tropics, assuring
adequate moisture availability (without significant
plant nutrients) in the growing medium
throughout the day. The drainage collection (10-
20 % of the supply volume) were applied back to
the growing medium manually (at individual plant
basis) within the latter part of the day in order to
assure the full availability of the K dosage. The EC
and pH levels of the supply solution were at the
range of 2-3 mS cm? and 5.6-6.5, respectively
across the K treatments. At the end of each growth
stage, growth medium was flushed out with water
until the medium was free from accumulated plant
nutrients, bringing the pH and EC back to the initial
level (pH-6.5, EC-0.5-0.6 mScm-1).

Assessment of plant growth and tissue
nutrient composition

Plant growth was analyzed in terms of plant height,
stem diameter (at 15cm below the growing tip),
number of leaves, third leaf length, total leaf area
and total shoot dry weight per plants at each
growth stage. Measurement of third leaf length was
from tip to the end of petiole of the third leaf from
the apex. Total leaf area was measured using leaf
area meter (AM 350, ADC Bioscientific Ltd.) and the
dry weight of the shoot (leaves, stem and
flower/fruit clusters) was taken after drying in hot
air oven (placed in paper bags) at 70 °C for 36-48
hours until constant weight was obtained. It was
followed by assessment of number of flower
clusters at the early reproductive stage and weekly
sampling of mature ripened fruits at the middle
and late reproductive stages for determining the
marketable yield and yield parameters.

The tissue nutrient contents (N, P, K, Ca and Mg) of
the fifth leaf of tomato plants were analysed at the
end of each growth stage. The fifth leaf (with
petiole) from the apex of tomato plant in each
treatment were sampled, covered with tissues and
taken for laboratory analysis. The samples were
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oven dried and ground to prepare tissue samples
for plant nutrient analysis for total N, P, K, Ca and
Mg. Total nitrogen content was determined using
the Kjeldahl procedure. The analysis of P and K was
carried out after dry ashing of 1 g of prepared
tissue samples in a muffele furnace (450 °C) and
dissolve in nitric acid to obtain a plant extract.
Phosphorus in plant tissue was determined
through Olsen method using a visible light
spectrophotometer at 880 nm while K and Ca were
determined using a flame photometer method. An
atomic absorption spectrophotometer was used to
determine leaf tissue Mg content. In addition to
that, temperature and day and night relative
humidity within and outside the greenhouse were
also recorded.

Statistical analysis

Biofilm-forming ability was compared by analysing
the differences in the degree of biofilm formation
using one-way ANOVA and Duncan’s multiple
range test in SPSS (IBM) software (Version 15,
IBM). The parametric data were analyzed at each
growth stages separately. For vegetative growth
stage data were analyzed through the PROC
ANOVA procedure while other stages; early
reproductive, middle reproductive and late
reproductive stages, data were analyzed using
analysis of covariance (ANCOVA). Leaf areas (LA)
and shoot dry weights (SDW) of vegetative stage
were used as covariates for LA and SDW analysis in
early reproductive stages and the SDW of
vegetative stage was used as the covariate for
number of flower cluster in early reproductive
stage. Similarly, LA and SDW of previous growth
stages were used as covariates of LA and SDW
analysis of middle and late reproductive stages.
SDW data of early reproductive stage were used as
the covariate for marketable yield of middle
reproductive stage and marketable yield of late
reproductive stage was analyzed using covariate as
the yield data of middle reproductive stage. The
mean separation was done using Duncan’s new
Multiple Range Test (DnMRT) procedure using
statistical software, SAS (ver. 9, SAS Institute, Cary,
NC). Significances of treatment means were
determined at P< 0.05.

RESULTS AND DISCUSSION

Vegetative growth stage of tomato (1-3
WAT)

During the vegetative growth stage [3 WAT (weeks
after transplanting)], growth parameters were not
affected by K treatments. The mean plant height,
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number of leaves, leaf area, length of the 3rd leaf
and stem diameter were 60+0.8 cm, 11.65+0.28,
0.16+0.02 m?/plant, 21.6+0.26 cm and 1.7+0.04 cm
respectively. The shoot dry weight was also not
significantly different among the treatments and
mean shoot dry weight was 14+01 g/plant.
According to the Growing greenhouse vegetables
(2010), properly nourished tomato plants may
have a 10 mm stem diameter at 15 cm below the
growing tip, during the vegetative growth, and all K
treatments at this stage were found to be within
this standard. Mean leaf area, plant height and leaf
number at this growth stage were almost similar to
earlier reports for greenhouse tomato (Herath et
al., 2008; Weerakkody et al., 2007). This confirmed
the adequacy of the least amount of K rate for
maintaining the plant growth during the vegetative
stage of tomato and this was well below the mean
K rates applied at the vegetative stage by
commercial farmers in Sri Lanka (0.25
g/plant/day) as reported by Erabadupitiya et al,
(2019).

The lowest (1.8%) and highest (3.3%) plant tissue
K concentration [K] were found at the lowest (0.05
g/plant/day) and highest (0.4 g/plant/day) K
application rate treatments respectively. Tissue [K]
of treatment 2 to 5 were not significantly different
(Figure 1), which were within the adequate range,
reported earlier (Hochmuth et al, 2012).
Therefore, the treatment 2 (0.1 g/plant/day) can
be selected as the minimum K rate required in this
vegetative stage of tomato. Plant tissue
concentration of nitrogen [N], phosphorus [P],
calcium [Ca] and magnesium [Mg] were not
affected by the K treatments and mean values were
41+0.1, 0.6£0.06, 1.4+0.12 and 0.4%0.01
respectively in vegetative stage of tomato.

Early reproductive stage of tomato (4-7
WAT)

The results showed that, there was no significant
effect of covariates (LA and SDW of vegetative
stage) on leaf area (p=0.1543), shoot dry weight
(p=0.5570) and number of flower clusters
(p=0.7288) in early reproductive stage. However,
the treatment effects were significant.

At the end of early reproductive/flowering stage,
number of flower clusters, leaf area and shoot dry
weight were significantly higher at K application
rates above T2 (0.2 g/plant/day) (Table 2). When
increasing the K rate from 0.2 to 0.55 g/plant/day,
number of flower clusters did not show a
significant further increase. As reported by Fontes
et al, (2000) higher number of flower clusters
could contribute to a higher yield and thus the K
application rate corresponding to the significantly
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higher number of flower clusters can be considered
to be the optimum at this stage of tomato.
Meanwhile, there was no significant change in
plant diameter (3.53+0.02 cm) in response to K
application rates. Therefore, the K application rate
of 0.2 g/plant/day (T2) could be identified as the
optimum dosage at the early reproductive stage of
tomato.

Tissue [K] at this stage was significantly higher in
T7 (0.55 g/plant/day), the highest K application
rate compared to other treatments. The
corresponding tissue [K] of T2 (0.2 g/plant/day),
the selected K application rate was 2.1% (Figure 1).
Although this level was lower than the earlier
reported adequate range (Hochmuth et al,, 2012),
contribute to have higher number of flower
clusters and crop growth in this stage. Leaf tissue
[K] was low at this stage may be due to the K
partitioning for flower cluster formation, without
showing deficiency symptoms. Plant tissue N, P, Ca
and Mg concentrations (4.2+0.6, 0.5+£0.06, 1.7+0.4,
and 0.25%0.06 %, respectively) did not show
significant treatment effect. Similar to the
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vegetative growth stage they were within the
adequate ranges, reported earlier.

Middle reproductive stage of tomato (8-11
WAT)

The selected covariates (LA and SDW of early
reproductive stage) effect was insignificant on LA
(p=0.4529.), shoot dry weight (p=0.9441) and
Marketable yield (p=0.5743) in middle
reproductive stage of tomato.

At this stage, the early harvest of tomato was
assessed with respect to K treatments. Compared
to other K application rates, shoot dry weight and
marketable yield were higher at the K application
range of 0.3 -0.5 g/plant/day while the leaf area
was not affected by the treatments (Table 3). At the
fruit harvesting stage, comparatively higher plant
nutrient supply is required for plant growth and
fruit development (Liu, 2019). The K rate of 0.3
g/plant/day (T2) could be identified as the
optimum K dosage for the middle reproductive
stage of tomato.

Table 2. Effect of K application rates on growth parameters at the early reproductive stage of

tomato.

K-rate Stem diameter  No. of flower Shoot dry weight Leaf area
(g/plant/day) (cm) clusters/plant (kg/plant) (m2/plant)

0.10 3.52a 4.8b 0.09> 0.660

0.20 3.552 5.82 0.122 0.862

0.30 3.552 6.02 0.132 0.92a

0.35 3.532 5.82 0.132 0.902

0.40 3.51a 5.82 0.132 0.972

0.50 3.542 5.92 0.122 0.932

0.55 3.532 5.92 0.122 0.882

Values in columns followed by the same letter are not significantly different (DMRT/p<0.05).

Table 3: Effect of K application rates on growth parameters and yield at middle reproductive stage

of tomato.
K-rate Leaf area Shoot dry weight Marketable yield
(g/plant/day) (m2z/plant) (kg/plant) (kg/plant)
0.20 1.292 0.13ab 1.42b
0.30 1.312 0.162 2.02a
0.40 1.34a 0.162 1.91a
0.45 1.332 0.162 1.892
0.50 1.32a 0.162 1.90a
0.55 1.31a 0.142> 1.56P
0.60 1.292 0.13ab 1.48b

Values in columns followed by the same letter are not significantly different (DMRT/ p <0.05).
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Figure 1. Interaction of K treatments and tissue [K] of tomato at different growth stages.

Plant tissue [K] was in an increasing trend with the
increase in K application rates and Locascio et al,
(1997), reported a same scenario. The [K] 01)
which was within the adequate tissue [K] at
fruiting stage of tomato (Hochmuth et al, 2012).
Similar to early growth stage, the mean N
(4.5£0.2%), P (0.4+0.05%) and Ca (1.5+0.2%)
contents were also within the adequate range.
(Hochmuth et al., 2012). In contrast, The tissue Mg
content showed a decreasing trend along with the
increasing K application rate (Figure 02), but the
[Mg] corresponding to the K rate of 0.3 g/plant/day
was 0.28% which was within the adequate range.

Late Reproductive Stage of tomato (12-15
WAT)

Similar to the middle reproductive stage,
covariates effect could be excluded, since the

results were not significantly affected on LA
(p=0.6831), SDW (p=0.1750) and marketable yield
(p=0.5412) in this stage.

The significantly higher leaf area, and marketable
yield could be found at the K rate of 0.35-0.55
g/plant/day (T2-T5), compared to lower and
higher extremes in K supply. The shoot dry weight,
fruit diameter and fruit weight were also
significantly higher in these treatments (Table 4).
Therefore, the lowest K rate corresponding to
maximum yield and overall crop growth at this
stage, 0.35 g/plant/day could be selected as the
optimum K dosage for late reproductive stage of
tomato. Usually the peak fruiting stage requires
great amount of nutrients as reported by
Hochmuth et al, (2001).

Table 4: Effect of K application rates on growth parameters and yield at late reproductive stage of

tomato.
K-rate Leaf area Shoo_t dry Marlfetable .Fruit Fr_uit
weight yield diameter weight
(g/plant/day)  (m*/plant) ./ 1ang (kg/plant) (cm) (g/fruit)
0.25 1.552 0.155b 2.01b 16.5b 112.6°
0.35 1.652 0.1752 2.44a 19.62 129.92
0.45 1.642 0.1772 2.532 20.12 137.2a
0.50 1.652 0.1762 2.512 21.22 137.72
0.55 1.642 0.1782 2.482 20.82 146.32
0.60 1.572b 0.175a 1.96b 19.82 131.2a
0.65 1.43b 0.156P 1.87b 17.45 115.3b

Values in columns followed by the same letter are not significantly different (DMRT/P<0.05).
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Figure 2. Relationship between tissue [Mg] and K treatments in middle (11 WAT) and late (15

WAT) reproductive stages of tomato

Similar to middle reproductive stage, plant tissue
[K] of tomato increased with increasing K rates at
the late reproductive stage (Figure 1). This trend is
agreed with the previously published data for
tomato (Locascio et al, 1997). The tissue [K]
corresponding to the selected optimum K
application rate (0.35 g/plant/day) was 2.8%
(Figure 1), just above the upper limit reported by
Hochmuth et al. (2012). Leaf tissue concentrations
of N (4.5£0.3%), P (0.35%£0.06%), Ca (1.6+0.1%)
and Mg at the optimum K application rate (0.35
g/plant/day) were also remained within adequate
range (Hochmuth et al, 2012). Negative response
for some growth parameters, fruit diameter and
weight, finally the yield, to further increase of K
rates may be due to Mg deficiency (Figure 2).
Decreasing tissue [Mg] with increasing tissue [K] of
tomato could be described as a physical barrier of
entering through the cellular membrane of the
roots, may be due to the competition of nutrient
(Ortas, 2013; Jones, 2005).

Measuring leaf nutrient contents indicate tomato
plants absorb major plant nutrients at different
rates during different growth stages, because of the
variability of their demands (Terabayashi et al,
1991). Considering overall crop growth and yield
due to the cumulative effect of K treatment 2 of
each growth stage (0.1, 0.2, 0.3 and 0.35
g/plant/day for vegetative, early reproductive,
middle and late reproductive stages, respectively)
can be selected as optimum K application rates
required for soilless culture tomato grown in coco
peat medium. Further increase of K application
rate did not significantly increase the plant growth
or yield of tomato. It supports the inference made
by earlier researchers on lack of further yield
improvements in response to increasing K
application rates, as excess K supply can reduce the

absorption of some other plant nutrients (Jones,
2005; Liu, 2019).

CONCLUSIONS

Considering the growth parameters and
marketable yield in the main growth stages of
tomato, the optimum K fertilizer application rates
could be identified as 0.1, 0.2, 0.3 and 0.35
g/plant/day for vegetative, early reproductive,
middle reproductive and late reproductive stages,
respectively. The corresponding tissue [K] of these
K application rates were 2.5, 2.1, 2.5 and 2.8% at
the same growth stages, respectively. These
growth stage specific optimum K application rates
were able to maintain the plant growth and
flowering at their optimum and formation of the
highest marketable yield of relatively large fruits
(higher fruit weight and fruit diameter) in coco-
peat based soilless culture of tomato under hot and
humid greenhouse environmental conditions in Sri
Lanka. These established optimum K application
rates and critical tissue K concentrations would be
used as standards for determining K fertilizer
dosages of soilless culture tomato under a range of
greenhouse environmental conditions, especially
in the tropical region. Relatively low optimum K
application rates identified in this research is
meritorious for managing the economic and

environmental sustainability of greenhouse
agriculture in the tropics.
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