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ABSTRACT. The rate of nutrient uptake and resultant yields of tomato (Lycopersicon 

esculentum Mill), grown in protected culture at different rates and methods of water and 

fertilizer applications were tested in a tropical environment.  The experiment was conducted 

in a naturally ventilated glasshouse under hot and humid conditions where the mean daytime 

temperature and evapo-transpiration rate (ET) in the greenhouse were 29±3.7
 o

C and 

65.6±4.7 mm/day, respectively. The standard irrigation method (T1) was subjected to 

changes by adjusting supply volume to 150 % of ET (T2 and T4) and doubling the standard 

volume together with drainage collection and re-circulation (T3). Standard soluble 

inorganic fertilizer dosage (in T1 and T2) was adjusted to T3 by doubling the dosage of 

essential plant nutrients, except N and Ca from the early fruit development (12 weeks after 

planting). Inorganic fertilizer dosage was completely replaced with phospho-compost and 

foliar application of plant extracts (T4). Plant and medium samples were tested for N, P and 

K compositions. Electrical conductivity and pH drifts in media and leacheate were also 

determined. Results revealed the necessity of excess irrigation from the flower initiation 

stage of tomato preferably in the form of circulation culture. Significantly high N and P 

nutrition together with adequate K improved the fruit growth and yield. Overall yields were 

below the recorded averages due to hot, humid and overcast conditions. Further 

improvements are needed for K nutrition in the circulation culture of soluble fertilizers and 

for N nutrition in phospho-compost supplemented plant nutrient supply.  
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INTRODUCTION 

 

Year-round cultivation of greenhouse crops is an integral part of commercial horticulture in 

every climatic region of the world. Apart from the main attributes of protected culture such 

as minimizing pest incidences and protection from extreme weather, enhanced root 

functioning through hydroponic culture greatly contribute to growth and yield advancements 

of greenhouse crops. Making the availability of plant nutrients in the hydroponic medium by 

adjusting pH and electrical conductivity (EC) of the nutrient feed is a very skillful task for 

the grower. It has been made easy in automated fertigation systems that are programmed to 

operate based on the demand parameters. Apart from the growth stage, the other major 

determinant of the rate of plant nutrient uptake of a species is the climate based evapo-

transpiration rate (ET).  
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Although basic research evidences are available to identify the growth stage and weather 

based rates of water and nutrient uptake rates of greenhouse crops, there are gaps in the 

available information on their performances under extreme environmental conditions such as 

humid-hot conditions in the tropics. 

 

Even though, Sri Lankan greenhouse vegetable growers mainly use the commercial complete 

fertilizer, Albert’s (CIC / Unipower, Sri Lanka) in coco-peat based hydroponic systems, their 

mean yields are yet far below the targets set forth under tropical climatic conditions (Perera, 

2004). As a result, low cost and more effective sources of fertilizer and methods of 

fertigation have been successfully tried out lately (Ranawaka et al., 2006; Weerakkody et al., 

2007). Previous work on improving fertilizer use efficiency revealed that adjusted K:N and 

N:P ratios and high dosages of Albert’s fertilizer increased the growth rate, total yield and 

the marketable yield of tomato (Ranasinghe & Weerakkody, 2006) while high EC increased 

the uptake concentration of some plant nutrients (Jang & Nukaya,1997; Weerakkody et al., 

2008). Other work on improving fertilizer use efficiency indicated that circulation of the 

drainage collection as the most promising fertigation method under mild weather and tropical 

conditions (Weerakkody et al., 2007). Meanwhile, water deficit hinders pedicel sap flux, 

imposing water and mineral limitations on leaf photosynthesis and fruit respiration of most 

crops (Araki et al., 1998; Kitano et al., 1998). On contrary, irrigating more than 75 % of ET 

reduces the harvesting index of tomato (Rummun et al., 2003). Therefore, water 

management in hydroponic culture needs careful maneuvering for better crop performances.  

 

Meanwhile, application of organic manure has been proven for increased yield, reduced 

water requirements, resistance to pest and disease attacks and reduced use of inorganic inputs 

in field vegetable cultivations (Smith, 2007). Particularly “phospho-compost” (having an 

organic matter composition of 19 %), made by mixing powdered rock phosphate in to the 

composting process, is one of the widely used organic manure despite its low potential in 

hydroponics due to low solubility characteristics (Jayawardane, 1976; Permaratne, 2002). In 

a follow-up research, amendment of “phospho-compost” to coco peat medium could save 

part of the liquid fertilizer feed by attaining comparable yields for tomato under greenhouse 

conditions (Herath et al., 2008).   

 

In the present work, different rates of water and plant nutrient supply, through different 

sources and methods, were compared with the standard dosage and supply method of Alberts 

fertilizer for greenhouse tomato under tropical greenhouse conditions, aiming improvements 

in the rate of nutrient uptake and the yield. 

 

 

MATERIALS AND METHODS 
 

The experiment was conducted at the Dodangolla Experimental Station of the University of 

Peradeniya, which is located in the Mid-country Intermediate Zone (580 m from the sea level 

and 1450 mm of annual rainfall). The mean maximum and minimum temperatures are 29 
o
C 

and 20.5 
o
C, respectively. The experiment was conducted in drip fertigated grow-bag culture 

in a Venlo type glasshouse with partial environment control. The early part of the cropping 

season was overlapped with the North-eastern monsoon, resulting relatively mild weather. 

As a result, the mean daytime temperature in the glasshouse ranged within 23.4-30.3
 o
C 

during vegetative stage of the crop while it was within 23.5-41.5
 o
C during reproductive 

stage of the crop. The daytime relative humidity (RH) was relatively high at early stages of 

crop growth (65–71 %) but rather lower at late stages (60–62.5 %). F1 hybrid, Volcano 
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(Seminis Korea Inc.) was grown in grow-bags, filled with coco peat and sand (1:1) mixture 

and at the crop density of 1.4 plants/m
2
. 

 

The experiment was conducted as a Randomized Complete Block Design (RCBD) with four 

treatments and three replicates. First three treatments were fertigated daily with a fully 

soluble complete fertilizer, Albert’s (CIC, Colombo) at either different dosages of fertilizer 

or different irrigation volumes at a given growth stages of tomato, causing a variable EC in 

the supply solution. The standard dosage and irrigation volume (T1) was subjected to 

changes by irrigating 150 % of the evapo-transpiration (0.91±0.15 mm/day) in T2 and 

doubling the standard volume of irrigation together with circulation of the drainage 

collection (with pH adjustments) several times a day in T3 (Table 1). Additionally, the 

dosage of plant nutrients was doubled during reproductive stage (12 – 20 WAP) of T3, 

except for the dosage of Ca(NO3)2. Hence the K : N ratio of the standard dosage was altered 

from 1.2 : 1 to 1.8 : 1 and the N : P ratio was altered from 3.3 : 1 to 2.1 : 1, during the 

reproductive growth of T3. Based on the composition of N, P and K in the Albert’s fertilizer 

(11.8, 3.54 and 13.7 g per 100 g, respectively) and the dosages applied (Table 1), on average, 

both T1 and T2 received 75 mg of N, 22 mg of P and 82 mg of K /plant
 
per day whereas T3 

received 86 mg of N, 34 mg of P and 125 mg of K. In the fourth treatment (T4) the growing 

medium was amended with phospho-compost at the rate of 1 kg in two splits, based on the 

early work (Herath et al., 2008) while irrigating a volume similar to T2 (Table 1). In 

addition, an aqueous extract of Gliricedia sepium leaves (at the dilution rate of 100 g/l and at 

the rate of 5 ml/plant
 
per day) was applied as a foliar spray for T4 plants (Lakmini et al. 

2007). The available N, P and K composition of phospho-compost is reported as 0.15, 1.66 

and 1.92 %, respectively (Menike, 2004) while the N and K contents of the G. sepium leaf 

extract is 1.8 and 2.18 %, respectively (Smith, 2007). Based on these composition data, P and 

K supply to T4 was more or less similar to the standard dosage of Albert’s fertilizer but in 

case of N, it was 50-65 % lower.  

 

Table 1. Fertigation treatments (per plant per day) of greenhouse tomatoes in grow-

bag culture 

 

Growth stage (weeks after planting) 

Fertigation 

treatment 

Early 

Vegetative 
(2 – 4) 

Late 

Vegetative 

(4 – 8) 

Flowering 

& Fruit set 
(8 –12)  

Early 

Fruit 

growth 
(12 – 16) 

Late 

Fruit 

growth 

(16 - 20) 
T1  Water (ml)  500 500 800 1000 1000 
 Alberts (g) 

EC (mS/cm) 

0.2 

0.29 

0.4 

0.51 

0.6 

0.45 

0.8 

0.51 

0.8 

0.51 
T2 Water1 (ml)  795 817 985 1462 1456 
 Alberts (g) 0.2 0.4 0.6 0.8 0.8 

 
T3 Water (ml)  1000 1000 1600 2000 2000 
 Alberts (g) 

EC (mS/cm) 

0.2 

0.14 

0.4 

0.29 

0.6 

0.22  

1.22  

0.35 

1.22  

0.35 
T4 Water1 (ml)  705 618 714 929 1021 
 Phospho-

compost3 (g) 

500 00 500 00 00 

 

1 150 % of evapo-transpiration 2 At 1:2 ratio of Ca (NO3)2: Rest of the plant nutrients  
3 As a single application per growth stage 
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Evapo-transpiration was estimated by applying lysimeter data in the soil water balance 

equation (Schwanki, 2007; Van Meurs & Stanghelini, 1992) for ET based water application 

(150% of ET) for T2 and T4. Foliar application of Ca(NO3)2 at the rate of 0.5 g L
-1
 was 

applied across the treatments during the stage of fruit development to avoid blossom-end rot 

(BER). The basic crop management practices, beginning from nursery to harvesting were 

done according to the procedures described by Ontario (2002) and Weerakkody et al., 

(2008). The plants were maintained as two stems (main stem and side shoot). The fruits were 

thinned-out, keeping 4 fruits per cluster. The medium was flushed-out fortnightly to avoid 

the risk of mineral toxicity.  

 

Plant growth was determined in terms of shoot and root growth parameters, determined in 

frequent intervals of the vegetative growth while yield characteristics were determined 

during reproductive stage and at harvesting. The plant nutrient compositions were 

determined as an estimate of plant nutrient uptake while nutrient analysis of medium and 

leachate (in T3) samples were determined to support it (Hochmuth, 2001; Van Ranst et al., 

1999). pH and EC measurements were taken in the medium and leachate samples in weekly 

intervals. GLM (General Linear Model) procedure was followed by Duncan’s New Multiple 

Range Test (DnMRT), using Statistical Analytical Systems (SAS, 1990) for testing treatment 

effect and separating treatment means, respectively.  

 

 

RESULTS AND DISCUSSION 

 

Nitrogen uptake 

 

Leaf nitrogen compositions in all the fertigation treatments gradually reduced with plant 

growth but increased again at the late fruit development stage, 20 weeks after planting 

(WAP). The leaf N levels of the treatments with Alberts fertilizer (T1 – T3) were well within 

the range specified for tomato at all four stages of plant growth (Bryson & Barker, 2002; 

Hochmuth et al., 2004) (Fig. 1). Therefore, supply of nitrogen and the conditions governing 

its uptake in the standard fertigation schedule and method (T1) appeared to be satisfactory 

throughout the crop growth at high ET rates (hot and dry weather). At higher EC of the 

solution, roots uptake water at a higher rate, enabling passive uptake of almost all plant 

nutrients (Sonneveld, 2000; Weerakkody et al. 2010). Even though the EC was lower in ET 

based fertigation treatment (T2) and circulation culture (T3) (0.29 - 0.51 mS/cm), the leaf N 

compositions did not significantly increased over the standard dosage (T1) up to 12 WAP. 

This could be an effect of low nutrient pressure on root hairs during the absorption process 

under low EC in the hydroponics solution as described in earlier reports (Jang & Nukaya, 

1997). Accordingly, at late fruit development (20 WAP), elevated EC contributed for the 

highest leaf N composition in T3 (Fig. 1).  
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Fig. 1. Leaf nitrogen composition of tomato under different fertigation methods  

 
[Vertical bars represent the S.E. of treatment means (n = 4)] 
 

This could be a general trend of rapid nutrient uptake (Terabayashi et al., 2004). Reports on 

similar work have also shown rapid nutrient uptake from the solutions having a high EC 

under warm weather (Bryson & Barker, 2002; Burns et al., 2004; Nakano et al., 2006). 

Nevertheless, the increased K: N ratio during 12-20 WAP in T3 appeared to be favourable 

for N uptake. Meanwhile the phosho-compost treatment (T4) continued to be the lowest in 

leaf N throughout the crop growth. 

 

On average, the N compositions of stems (0.77±0.22-1.68±0.69) and roots (0.99±0.2-

1.05±0.26) were 20–60 % lower than leaf N levels at respective growth stages. Their 

treatment differences were not significant throughout the growth, except the lower root N 

levels found in T4 (Table 2). Compared to the N supply (75 mg/plant), analysis of medium 

and leachate at the end of 24 hour irrigation cycle at the flowering stage (8 WAP) proved 

evidences of N depletion in the root environment (Table 3). This can be further assured by 

comparing medium and the leachate N contents with the critical levels specified for peat 

grown tomato at flowering (30 mg/kg) by Bryson and Barker (2002). The medium N was 

always much lower than the leachate N in all the treatments. Eventhough medium N in T4 

was comparable with other treatments, lower leachate N testifies for the low solubility of 

nitrogen in phospho-compost. Hence, significantly lower level of leachate N in T4 implies 

the severity of strain underwent by the plants in phospho-compost based medium, justifying 

for comparatively low N uptake (tissue contents) and resultant plant growth and yield 

retardations (as described later in the paper).  
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Table 2. Variability of stem and root nutrient compositions of tomato (in g 100/g)  

 with fertgation method, at two growth stages 
 

   N   P   K 

  4 WAP 12 WAP 4 WAP 12 WAP 4 WAP 12 WAP 

Stem 

T1 1.97±0.28a 1.35±0.45a 0.5±0.010a 0.32±0.04a 4.75±0.00a 1.57±0.07a 

T2 2.1±0.13a 0.89±0.03a 0.52±0.01a 0.36±0.02a 4.83±0.17a 1.56±0.10a 

T3 2.01±0.13a 0.79±0.06a 0.58±0.03a 0.39±0.00a 4.83±0.30a 1.32±0.10a 

T4 0.65±0.04b 0.68±0.07a 0.53±0.03a 0.37±0.02a 4.5±0.140a 1.63±0.10a 

Root 

T1 0.76±0.14b 1.18±0.08a 0.1±0.030a 0.37±0.00a 0.39±0.12a 0.18±0.08a 

T2 1.18±0.06a 1.24±0.04a 0.15±0.04a 0.29±0.00b 0.57±0.06a 0.22±0.04a 

T3 1.13±0.05a 1.13±0.10a 0.12±0.02a 0.19±0.03c 0.46±0.01a 0.34±0.03a 

T4 0.90±0.01b 0.66±0.3b 0.06±0.03a 0.26±0.00b 0.22±0.10a 0.57±0.08a 
 

*Means with same letters are not significantly different with each other. 
 

Phosphous uptake 
 

Similar to the trend observed with respect to leaf N compositions, leaf P compositions also 

gradually reduced with plant growth but without a marked increase in the latter part of 

reproductive development. All fertigation treatments maintained the leaf phosphous 

compositions within or near the favourable range for tomato throughout the crop growth 

(Hochmuth et al., 2004). The Circulation treatment (T3) contained the highest leaf P levels 

from flowering to late fruit growth (8–20 WAP) (Fig. 2). Therefore, the availability of P and 

the conditions governing its uptake in T3 appeared to be satisfactory. As reported by Nukaya 

et al. (1995) and Kim et al. (2008), the uptake concentration of P is less than K and NO3-N. 

Therefore, the reason for higher rate of P uptake in T3 might not be due to active uptake but 

due to improved availability of P within the root zone, as a result of repeated flow 

(circulation) through the growth medium (Weerakkody et al., 2007). 
 

Meanwhile relatively high P composition of phospho-compost (T4) have been able to keep 

the leaf P composition within the favourable range throughout the time unlike some other 

treatments which falls below at certain growth stages (Fig. 2). 
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Fig. 2. Leaf phosphorus composition of tomato under different fertigation methods  
 

[Vertical bars represent the S.E. of treatment means (n = 4)] 
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Table 3. Nutrient contents in coco-peat medium and the leachate at flowering stage     

(8 WAP)  

 

Treatment  Medium 

(mg/kg) 

  Leachate 

(mg/l) 

 

 N P K N P K 

Standard dosage 

(T1) 

0.12 4.43
a
 122.2 2.2

 a
 4.49

 a
 81.5

 a
 

ET based 

(T2) 

0.22 3.01
 ab
 100.0 1.9

 a
 3.62

 a
 56.5

 b
 

Circulation 

(T3) 

0.25 5.42
 a
 133.3 2.36

 a
 1.89

 b
 96.8

 a
 

P-compost 

(T4) 

0.22 2.03
 b
 133.3 1.31

 b
 3.69

 a
 102.4

a
 

 

On average, the P compositions of stems (0.2±0.05 - 0.53±0.03) were highly fluctuating 

around the leaf P levels at different growth stages while it was always 25–50 % lower in 

roots (Table 2). Root P compositions gradually increased along with crop growth, from 

0.11±0.04 to 0.28±0.07 until early fruit growth stage. Similar to N, P content in the medium 

and the leachate at the flowering stage were much lower than the supply concentration (for 

T1–T3) at the end of 24 hr fertigation cycle. Critical P levels in the cocopeat medium (30 mg 

kg
-1
), given by Bryson and Barker (2002) indicates a depletion of P in the medium after 24 

hours, similar to the fate of N. Hence, roots might have undergone a strain during last few 

hours of the fertigation cycle with respect to uptake of N and P. The medium P concentration 

in T4 was significantly lower than the other treatments but it was not considerably low 

compared to the P composition in phospho-compost (Table 2). Meanwhile, leachate P in T3 

was significantly lower, probably due to rapid uptake as shown in leaf P data. Unlike the 

case of N, P contents of the medium and the leachate were at a similar range.  

 

Potassium uptake  
 

Leaf potassium composition of fertigation treatments were within or near the range specified 

for tomato (Hochmuth et al., 2004) only during 4 WAP and 20 WAP. K reserves in leaves 

appeared to be depleting to cater to the demand from reproductive boom of the plant during 

8–12 WAP. The treatment differences in leaf K were not significant, except at 8 WAP, 

where the differences were in the order of T1 and T2 > T3 > T4 (Fig. 3). Even though 

circulation culture have catered to the high N and P demand during flowering and fruit 

growth relatively well, its contributions to the K demand was not significant. This is 

contradictory with the earlier reports where a major portion of K and NO3-N uptake were 

active from a hydroponics solution with low EC (Nukaya et al., 1995). However, the reports 

on the low priority received by cations (i.e. K
+
) over anions in the process of penetrating 

through membranes of root tissues (Halvin et al., 2005) support this result.  
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Fig. 3. Leaf potassium composition of tomato under different fertigation methods  
 

[Vertical bars represent the S.E. of treatments means (n = 4)] 

 

Meanwhile, the effect of elevated dosage of fertilizer and K:N ratio in circulation culture 

during 12–20 WAP has been limited to increase in leaf N, showing a deviation from the 

general trend of macro nutrient uptake (Nakano et al., 2006; Weerakkody et al., 2010) and 

particularly K uptake (Klaring et al., 1999; Kim et al., 2008). Therefore, unlike the early 

stages, low leaf K contents at 20 WAP could not be a sole effect of low uptake rate but be 

attributed to partitioning of K into fruit sink, as testified by the yield data.  

 

Treatment differences in stem and root K compositions were not significantly different. 

Stems contained more or less the same K composition to leaves while roots contained only 

25–40 % of the leaf K compositions at any given stage of plant growth (Table 2). K contents 

in the medium and the leachate were much higher compared to N and P contents at the 

flowering stage (Table 3). In contrast to N, and P, the medium and leachate K levels did not 

show a notable reduction from the daily supply (82 mg/plant) within a 24 hour period, 

indicating lower uptake rate as well as partial adherence to cation exchange sites. Low 

leachate K contents (30–50 %) compared to the medium K contents testifies for low mobility 

of K in the medium. However, yet the medium and leachate K contents were much lower 

than the critical level specified for K in cocopeat grown tomatoes at flowering (300 mg/kg, 

Bryson & Barker, 2002), leading to the suggestion for more intensive K fertigation in Alberts 

fertilizer based methods.  

 

Residual nutrients in the medium  

 

The EC of the medium (coco peat) determined at the end of 24 hr irrigation cycle during the 

stages of flowering and fruit set were much lower than the set level in T1 and T2 (from 0.51 

to 0.08 mS/cm) but it was more or less the same in the leach ate, indicating a well balanced 

nutrient and water uptake. However, the change in the medium EC of circulation culture (T3) 
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after 24 hours (from 0.29 to 0.12 m/cm) was lower than T1 and T2 while the leachate EC has 

increased (to 0.56 m/cm), indicating accumulation of mineral ions in the medium with 

circulation of the nutrient solution. Furthermore, the uptake balance has been on the side of 

the water compared to overall mineral uptake. Relatively high N and K in the medium and 

leachate of T3 (Table 3) together with its complementary ions (data not presented) support 

this result.  

 

Meanwhile the leachate EC of phospho-compost treatment (T4) was significantly lower 

(0.28 mS cm
-1
) than soluble fertilizer (Albert’s) applied treatments. This may be a 

consequence of low rate of nutrient release from pohspho-compost. Meanwhile, retardation 

of early vegetative growth in phospho-compost treatment (T4) mainly due to low N 

availability (30 mg/plant
 
per day) could have given arise to low demand for water. Thus, low 

rate of water uptake together with the low EC in the leachate could be the main reasons 

behind the low rate of plant nutrient uptake from the phospho-compost based medium, 

despite the fact that the compositions of P and K in the leachate were comparable with the 

other treatments. 

 

Meanwhile, pH values of the leachate showed a general drift towards alkalinity 24 hrs after 

fertigation, causing possible low availability of P and other micro elements (Schwarz, 1995) 

at least towards the end of the 24 hour fertigation cycle. The drift towards alkalinity is much 

higher in the phospho-compost treatment (8.17), compared to Albert’s treatments (7.67+0.3). 

Lower P contents in the leachate of T4 (Table 3) support this fact.  

 

Fruit yield and yield components  

 

Based on the reports on varietal trials, the variety Volcano bears nearly 26 marketable fruits 

with an average weight of 140 g, giving a marketable yield of 2-3 kg per plant under 

favourable greenhouse climatic conditions in the wet zone of Sri Lanka (Ranasinghe & 

Weerakkody, 2006; Wahundeniya et al., 2006). In contrast, this research performed much 

lower fruit number (13-15 per plant) and lower mean fruit weight (78 -110 g), contributing to 

a marketable yield of 1.2–1.5 kg/plant from the Albert’s treated plants at the end of the 

harvesting period (20 WAP). The treatment having a limited water supply (T1) was at the 

lower extreme while transpiration based water supply (T2) and excess water supply through 

circulation (T3) were at the upper extremes of the yield and fruit size charts (Fig. 4). For 

instance, relatively small fruit formation and low yield of standard fertigation (T1) compared 

to ET based fertigation (T2) can be attributed to under-irrigation in T1 (with respect to ET) 

where tissue compositions of N, P and K between the two treatments were not significantly 

different in almost all the growth stages.  
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Fig. 4. Marketable yield and fruit size of tomato under different fertigation methods  
  

[The same letter within one yield parameter indicates statistical similarity among treatments (DMRT/P<0.05). 
Vertical bars represent the S.E. of treatment means (n = 4)] 

 

As reported by Kitano et al. (1998) suppressed respiration in tissues under water deficit 

inhibits the expansive growth and sugar accumulation in the fruits. Hence, suppressed sap 

flow and fruit respiration affect the fruit growth in water deficit plants. The suppression of 

fruit growth and resultant low yield in less water applied treatments could have been driven 

through reduced rate of photosynthesis in leaf tissues and moisture accumulation in fruit 

tissues as a consequence of low rate of uptake and transportation of water (less than the ET 

demand) (Moore et al., 1958; Waister & Hudson, 1970; Pill & Lambeth, 1980; Mitchell et 

al., 1991). Rudich et al. (1977) and Tan (1988) reported that water stress causes to form 

small fruits and reduce the fresh yield, specifically in tomato. Hence, the severe set back 

found in the mean fruit weight and yield of tomato in this experiment could have been 

heavily influenced by the water stress under tropical (hot and humid) conditions in the 

greenhouse.  

 

According to the same argument, the comparative yield advancements shown by the 

circulation culture (T3) could have been partly influenced by extra irrigation as reported by 

Karlen et al., (1985). As discussed earlier the concentration of plant nutrients, denoted by EC 

of the supply solution, mainly determines the uptake rates of water and mineral ions. Hence 

low EC maintained in T3 might have a better tendency for the water uptake, emphasizing its 

influence of more water uptake for the fruit enlargement.  

 

The rate of mineral uptake which increases leaf area and net assimilation rate (Nakano et al., 

2006; Weerakkody et al., 2010), could be another contributing factor for the fruit yield. The 

duel role of leaf area, by increasing the rate of photosynthesis (Bhattarai, 2005) and 

increasing the rate of transpiration based rapid transport of mineral nutrients and water (Tan, 

1988) would be the driving forces behind the synthesis and partitioning of dry matter in 

tomato. Based on the correlations of fruit size and yield with tissue compositions of the three 

macro nutrients, the contribution of P for fruit growth is more pronounced, despite the fact 

that its regression has been earlier identified to be nonlinear (Terabayashi et al., 2004). In 



Mawalagedera et al. 

 214

addition, enhanced N uptake during fruit development could also have favoured this yield 

advancement.  

 

Low mean harvest index (HI) is another indicator for further improvement needs in the yield.  

Similar to yield and fruit size records, HI of circulation culture treatment (T3) was 0.5, which 

was much higher than the other treatments. This is an indicator of its better crop management 

and high-yielding ability (Scholberg, et al., 2000). According to some other studies, HI starts 

decreasing when irrigation exceeds 0.75 fold of ET for tomato (Rummun et al., 2003). 

Therefore, the irrigation regime maintained in T3 appeared to be within the favourable range 

of irrigation (0.5 - 0.75 % of ET). 

 

Phospho-compost treatment (T4) had significantly lower fresh marketable yield and fruit size 

than the other treatments. Apart from the water stress, this situation could also be attributed 

to low availability of major plant nutrients (i.e. N and K) in the growth medium. The fruit 

number was similar in all Albert’s fertilizer treatments due to cluster pruning but T4 

produced significantly lower fruit numbers per plant. Therefore, fruit weight or size would be 

the only reliable yield parameter.  

 

 

CONCLUSIONS 

 

Standard fertigation of 0.2 g of Albert’s fertilizer dissolved in 500 ml/plant
 
per day

 
provided 

adequate N, P and K nutrition for tomato grown in coco peat bag culture during the 

vegetative growth under tropical greenhouse conditions. The subsequent growth stages 

needed excess irrigation (800 – 1500 ml) under warm/sunny weather. Fertigation with twice 

high dosage of essential plant nutrients, (other than N and Ca) beginning from the early fruit 

development (12 WAP) in circulation culture improved N and P nutrition leading to 

improved fruit growth and yield. Application of 1 kg of phospho-compost/plant in two splits 

together with foliar spraying of Gliricidia sepium leaf extract could not be identified as a 

replacement for fully soluble fertilizer in bag culture of tomato except for the rate of P 

uptake. Further improvements can be suggested for K nutrition in the circulation culture of 

fully soluble fertilizers and for N availability in the phospho-compost based plant nutrient 

supply. 

 

 

ACKNOWLEDGEMENT 

 

The authors wish to acknowledge the institutional supports of Postgraduate Institute of 

Agriculture, University of Peradeniya and Rajarata University of Sri Lanka. 

 

 

REFERENCES 

 

Araki, T., Kitano, M., Hamakoga, M. and Eguchi, H. (1998). Analysis of growth, water 

balance and respiration of tomato fruits under water deficit by using a multiple chamber 

system. Biotronics. 27, 61-68. 

 

Burns, I.G., Lee, A. and Escobar-Gutierrez, A.J. (2004). Nitrate accumulation in lettuce, 

Acta Hort. 633, 271-278.  

 



Circulation culture of tomato in tropical climates 

 215

Bhattarai, S.P. (2005).The physiology of water use efficiency of crops subjected to 

subsurface drip irrigation, oxygenation and salinity in a heavy clay soil. PhD Thesis, School 

of Biological and Environmental Sciences, Faculty of Arts, Health and Sciences, Central 

Queensland University. Rockhampton, QLD, Australia. 

 

Bryson, G.M. and Barker, A.V. (2002). Determination of optimal fertilizer concentration 

range for tomatoes grown in peat-based medium. Commun. Soil Sci. Plant Anal. 33(5&6), 

759-777. 

 

Halvin, J.L., Beaton, J.D. and Tisdale, S.L. (2005). Soil Fertility and Fertilizers: An 

Introduction to Nutrient Management, Pearson, New Jersey, 515p. 

 

Herath, H.M.N.K., Sooriyagoda, L.D.B., Amarasiri, K.E.S.N., Premaratne, K.P. and 

Weerakkody, W.A.P. (2008). Applicability of straight fertilizers and compost in greenhouse 

tomato cultivation.  Sri Lankan J. Agri. Sci. 45, 35-46. 

 

Hochmuth, G. J. (2001). Production of Greenhouse Tomatoes [online]. Florida Greenhouse 

Vegetable Production Handbook, Vol 3. University of Florida, Institute of Food and 

Agricultural Sciences (UF/IFAS), [Accessed on 20.04.2009]. Available at 

http://edis.ifas.ufl.edu 

 

Hochmuth, G., Maynard, D., Vavrina, C., Hanlon, E. and Simonne, E. (2004). Plant Tissue 

Analysis and Interpretation for Vegetable Crops in Florida [online]. HS964. Florida 

Cooperative Extension Service, Institute of Food and Agricultural Sciences, University of 

Florida, [Accessed on 05.02.2009]. Available at http://edis.ifas.ufl.edu  

 

Jang, H. and Nukaya, A. (1997). Relationship between concentration of nutrient solution and 

uptake of nutrients in musk melon grown in rockwool culture J. Japan Soc. Hort. Sci. 66(6), 

307-312. 

 

Jayawardane, D.E.S. (1976). The Eppawala Carbonative Complex in North-West Sri Lanka. 

Colombo. Geological Survey Department. Bull.3, 41p. 

 

Karlen, D.C., Camp, C.R. and Robbins, M.L. (1985). Fresh market tomato response to N and 

K fertlization and water management practices. Commun. Soil Sci. Plant Anal. 16(1), 71-81. 

 

Kim, K.D., Lee, E.H. and Lee, J.W. (2008). Daily changes in rates of nutrient and water 

uptake, sap flow of hydroponically grown tomatoes. Hort. Environ. Biotechnol. 49(4), 209-

215. 

 

Kitano, M., Araki, T. And Eguchi, T. (1998). Temperature dependance of post phloem 

transport regulated by respiration in tomato fruits. Biotronics 27, 33-39. 

 

Klaring, H.P., Schwarz, D., Cierpinski, W. (1999). Control of concentration of the nutrient 

solution in soiless growing systems, depending on greenhouse climate – advantages and 

limitations. Acta Hort. 507, 133-139. 

 

Lakmini, W.G.D., Rupika, S.T.J. and Kaliadasa, P.E. 2007. A preliminary study on the 

effects of Gliricidia leaf extract on growth performances of tomato (Lycopersicon 

esculentum) [on line]. Ruhuna J. Sci. 2, 111-114.  

 



Mawalagedera et al. 

 216

Manike, B.M.K.S. (2004). The influnce of rice straw composting on the solubility of 

Eppawala rock phosphate. BSc Dissertation, Faculty of Agriculture, University of 

Peradeniya. 

 

Mitchell, J.P.C., Shennam, S.R. and May, D.M. (1991). Tomato fruit yield and quality under 

water deficit and salinity. J. Am. Soc. Hort. Sci. 116 (2), 215-221. 

 

Moore, J.N., Kattan, A.A. and Fleming, J.W. (1958). Effects of supplemental irrigation, 

spacing and fertility on yield and quality of processing tomatoes. Proc. Am. Hort. 71, 356-

367. 

 

Nakano, Y., Watanabe, S., Kawashima, H. and Takaichi, M. (2006). The effect of daily 

nutrient applications on yield, fruit quality, and nutrient uptake of hydroponically cultivated 

tomato. J. Jap. Soc. Hort. Sci. 75(5), 421-429. 

 

Nukaya, A., Jang H., Ui. N., Goto, K. and Ohkawa, K. (1995). Changes of mineral 

concentrations in plant sap during the growth period of musk melons grown in rock-wool. 

Acta Hort. 396, 167-172.  

 

Nukaya, A.and Jang, H.G. (2000). Effect of composition and concentration of nutrient 

solution on the uptake of mineral elements by musk melon grown in rockwool during fall. J. 

Jap Soc Hort Sci. 69(5): 655-657. 

 

Ontario. (2002). Growing Greenhouse Vegetables. Ministry of Agriculture, Food and Rural 

Affairs. Canada, 115p. 

 

Perera, S. (2004). Unpublished Report, Protected Culture Entepreneurs Association, Uda 

Irriyagama, Peradeniya (Sri Lanka). 

 

Pill, W.G. and Lambeth, V.N. (1980). Effect of soil water regime and nitrogen form on 

blossom-end rot. Yield relations and elemental composition of tomato. J. Am. Soc. Hort. Sci. 

105(5), 730-735. 

 

Premaratne, K.P. (2002). The effect of phosphor-compost on phosphorus uptake, growth and 

yield of rice. Sri Lankan J. Agric. Sci. 39, 40-50. 

 

Ranasinghe, R.A.S. and Weerakkody, W.A.P. (2006). Effects of fertilizer dosage and 

nutrient balance on growth, yield and nutrient uptake of greenhouse tomatoes. Trop. Agri. 

Res. 18, 394-398. 

 

Ranawaka, R.A.G. de Alwis, P.A.I.S. Weerakkody, W.A.P. Premalal, K.P.S.B. and 

Abeysinghe, U.S.K. (2006). Hydroponics bell pepper production and plant nutrients under 

tropical climate. pp. 277-278. In: Fotyama, M. and Kaminkska, B. (Eds.) Proc. Bibliotheca 

Fragmenta Agronomica (IX ESA Congress) (Part II). Sept., 4
th
-7
th
, Warsaw, Poland.   

 

Rudich, J., Kalmar, D. Greizenberg, C. and Harel, S. (1977). Low water tensions in defined 

growth stages of processing tomato plants and their affect on yield and quality. J. Hort. Sci. 

52, 391 – 399. 

 



Circulation culture of tomato in tropical climates 

 217

Rummun, K., Teeluck, M., Muthy, N.K. and Ah Koon, P.D. (2003). Yield response of fresh 

market tomato (Lycopersicon esculentum Mill) to deficit irrigation, Food and Agri. Res. 

Council, Reduit, Mauritius, pp 103-108. 
 

SAS (1990). SAS/STAT software, Institute Inc., Carry, N.C.27513, USA. 
 

Scholberg, J., McNeal, B.L., Jones, J.W., Boote, K.J., Stanley, C.D. and Obreza, T.A. 

(2000). Growth and Canopy Characteristics of Field-Grown Tomato. Agron. J. 92, 152–159.  
 

Schwanki, L. (2007). Irrigation management. pp. 231 – 245.In: Newman, J. (Ed.) 

Management Practices to Protect Water Quality: A Manual for Greenhouses and Nurseries. 
 

Schwarz, M. (1995). Soilless Culture Management: Advanced Series in Agricultural Science, 

Springer Pub., Germany. 
 

Smith, R.T. (2007). Organic farming sustaining earth and people. Center for Sustainable 

Farming and Energy, Dalugama, Kelaniya (Sri Lanka), 167p. 
 

Sonneveld, C. (2000). Effects of salinity on substrate grown vegetables and ornamentals in 

greenhouse horticulture. Wageningen University dissertation no. 2765. 
 

Tan, C.S. (1988). Effect of soil moisture on leaf and root growth of two processing tomatoes. 

Acta Hort. 228, 291–298. 
 

Terabayashi. S., Muramatsu, I., Tokutani, S., Ando, M., Kitagawa, E., Shigemori, T., Date, 

S. and Fujime, Y. (2004). Relationship between the weekly nutrient uptake rate during 

fruiting stages and fruit weight of tomato (Lycopersicon esculentum Mill.) grown 

hydroponically. J. Jap. Soc. Hort. Sci. 73(4), 324-329. 
 

Van Meurs, W. and Stanghellini, C. (1992). Use of an off-the shelf electronic balance for 

monitoring crop evapo-transpiration in greenhouses. Acta Hort. 304, 219-225.  
 

Van Ranst, E., Verlo, M., Demeyer, A. and Pauwels, J.M. (1999). Manual for soil chemistry 

and fertility laboratory. University of Ghent, Ghent, Belgium. 
 

Wahundeniya, W.M.K.B., Ramanan, R., Wickramatunga, C. and Weerakkody, W.A.P. 

(2006). Comparison of growth and yield performances of tomato varieties under controlled 

environment conditions. Ann. Sri Lanka Dept. of Agri., ASDA. 8, 251 – 262. 
 

Waister, P.D. and Hudson, J.P. (1970). Effects of soil moisture regimes on leaf water deficit, 

transpiration and yield of tomatoes. J. Hort. Sci. 45, 359-380. 
 

Weerakkody, W.A.P., Mayakaduwa, M.A.P. and Weerapperuma, K.N. (2007). Effect of 

supply volume and weather based EC adjustments on the growth and yield of greenhouse 

tomato and bell pepper. Acta Hort. 742, 105-111. 
 

Weerakkody, P. Wahundeniya, K.B. and Yasakethu, K. (2008). Arakshitha Gruhathula 

Bhoga wagawa (in Sinhala)(Greenhouse Crop cultivation), Interactive CD ROM, AVC, 

Extension and Training Division, Department of Agriculture, Gannoruwa (Sri Lanka).  
 

Weerakkody, W.A.P.,Wakui, K. and Nukaya, A. (2010). Plant nutrient uptake in 

recirculation culture of tomato under growth stage based EC adjustments. J. Nat. Sci. Fond. 

39(2), 139-147.  


