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Abstract
We have studied partial rootzone drying (PRD), on soilless grown greenhouse tomato. The tomato plants were grown hydroponically during 253 

days of period from September to June in greenhouse in Mediterranean climate. Four treatments were used in the experiment: (1) Full-open irrigation 

and (2) full-close irrigation, where all roots under both treatments were wetted in every irrigation, (3) PRD open and (4) PRD close treatments where 

30 to 50% reduced nutrient solution was applied compared to full irrigation treatments. Under the PRD treatments, the plant root system was 

separated to two parts and the root zone were interchanged every irrigation in subsequent irrigations during the day. In the open systems the excess 

irrigation or nutrient solution was discharged as drainage from the greenhouse. In the close systems drainage effluent from the base of the growth 

containers was collected, re-cycled and therefore re-used in the system. Irrigation frequency during the experiment was changed between 4 to 20 

times, every hour or every 45 minutes from 6.00 am to 20.00 pm, per day depending on plant age and climatic conditions. There was no adverse effect 

of PRD on both plant growth and yield in soilless grown greenhouse tomato. The reason may be the frequent interval of the wetting and drying cycles 

of plant rootzone in soilless practice. The interval of changing the irrigated halves of the root zone may be as short as hours or even minutes. The 

soilless growing systems give better benefits to the plants to manipulate physiological responses in more proper conditions than in PRD soil 

application. The results additionally showed that the nutrient solution use efficiency was highest in “PRD-Close” due to saving of nutrient solution 

by the combined effects of deficit irrigation with PRD and re-cycling of nutrient solution. As conclusion the PRD applications in soilless grown 

greenhouse crops have good potential for saving water and nutrient solution as well as its environment friendly nature with minimized drainage 

discharge.
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Introduction

Water has now become the most precious limiting resource in the 

world for irrigation which is essential for meeting food and fiber 

demand of ever increasing World s population. Climate change 

scenarios predict increasing aridity in major areas of high 

agricultural production potential in coming decades owing to 

global warming. The situation is critically summarized in United 

Nation Millennium Declaration as “more crop per drop” 1.

Therefore, saving irrigation water and developing new techniques 

for increasing water-use efficiency are the major issues attracting 

increasing research efforts. Recently, partial rootzone drying (PRD) 

practice, developed based on split root studies, has been proposed 

as a new deficit irrigation technique to increase crop water use 

efficiency and thereby to save irrigation water 9, 10, 23-25, 37, 39, 40. In 

the PRD practice, only one half of the roots are watered whilst 

leaving the other half dry during irrigation. The wetted and the 

dry half of the roots are alternated in the subsequent irrigations 

and thus significant savings of irrigation water can be achieved 

compared to fully irrigated plants 13, 28. Plant water status is expected 

to equilibrate with the wettest part of the rhizosphere and 

maintaining therefore high leaf water potential similar to well- 

watered plants 19. The partially dry half of the roots promotes 

abscisic acid (ABA) synthesis. The increased concentration of 

ABA in the xylem flow from root to leaves leads to partial stomatal 

closure to promote sparing use of water 7, 17. Other mechanisms 

controlling stomatal aperture include hydraulic signals and pH 

changes of xylem sap 7, 38. The half of the roots that are adequately 

irrigated and the other half remaining partially dry cause only 

small reduction of photosynthesis with, however, significant 

increase of water use efficiency 34.

   Yield, fruit quality and crop physiological responses to PRD 

have been recently documented for grapevines 8, 10, 34, pot-grown 

tomato 6, processing tomato 39, 40, greenhouse soil grown table 

tomato 23, hot pepper 9, common bean 37, maize 25 and apple 36.

   Soilless greenhouse cultivation is expending and preferred over 

soil grown greenhouse vegetables in recent years 16, 17, 27, 31. Soil- 

borne pathogens are the main reasons for increasing preference 

of soilless systems. As hydroponics has proven to be an excellent 

alternative to soil sterilization, use of chemical soil sterilants is or 

will be soon forbidden due to the high toxicity 31.  However, to our 

knowledge only one earlier work 5 was carried out on assessing 
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how the evolving new irrigation practice (PRD) would affect plant 

growth, nutrient uptake and fruit production in hydroponically 

grown plants in soilless greenhouses with the PRD s claimed 

benefits of water saving. Soilless cultivation is used in protected 

agriculture to improve control of the growing medium and to avoid 

any likely problems of watering and maintaining proper nutrient 

concentrations. Good control of plant growth and development 

in soilless cultivation of vegetables give proportionally higher 

yield and better quality crops compared to traditional greenhouse 

production in soil. The soilless cultivation technique is practiced 

with two ways: (1) using substrate medium and (2) hydroponic 

technique where plants are grown in continuously circulating 

nutrient solution. Two main systems are used with the substrate 

medium. The first is the “open” system with the surplus nutrient 

solution is discharged as waste. This is wasteful of water and 

nutrients and results in pollution of groundwater and soil. The 

second is the “closed” system with re-cycling and re-using of 

nutrient solution. Although the recycling of the nutrient solution 

brings about some difficulties in controlling of plant nutrition, it 

gives indispensable benefits in saving of both water and nutrients 

in addition to its environmental friendly characteristics 4. The 

objective of this work was therefore to assess comparative benefits 

of open and closed systems under full and PRD practice of irrigation 

using soilless-greenhouse-grown tomato under Mediterranean 

climate. 

Materials and Methods

Plant material and experimental conditions: The research was 

conducted over 253 days of growth period from 30 September 

2004 to 7 June 2005 in a greenhouse at Cukurova University (36º 

59' N, 35º 18' E, 20 m above sea level). The glass covered greenhouse 

oriented in north-south direction was 12m x 42 m in size. Plant 

material was tomato (Lycopersicon esculentum Mill., cv. F
1
M19 ) 

and perlite was used as growing medium. During winter, for the 

period of November 15 till March 15, the greenhouse was heated 

to maintain a minimum temperature of 10ºC at nights. Seedlings 

were planted in density of 3.18 plants m-2 in perlite-filled containers 

made of white PVC in dimension of 78cm x 38cm x 22cm. Each 

container had 3 plants with 12 liters of perlite per plant. 

Treatments: A randomized complete block experimental design 

with 4 replicates, 18 plants in each replicate, consisting of four 

irrigation treatments was used. Complete nutrient solution 4 was 

applied to meet water and nutrient requirements of the plants. The 

four irrigations treatments were: (1) Full-open (F-O), (2) Full-closed 

(F-C), (3) PRD-open and (4) PRD-closed systems. Under full 

irrigation treatments (F-O and F-C), all roots were wetted in every 

irrigation with the applied amount of nutrient solution using one 

line of drip irrigation. The treatments of PRD system received 30 

to 50% reduced nutrient solution compared to full irrigation 

treatments (Table 1). In the open systems (F-O and PRD-O), the 

excess nutrient solution was discharged as drainage from the 

greenhouse. In the closed systems (F-C and PRD-C), drainage 

effluent from the base of the growth containers was collected and 

recycled in the system. The amount of nutrient solution applied in 

full treatments was determined based on daily measured drainage 

fraction from the base of the containers 32. Range of drainage 

fraction was kept between 20% and 40% during the experimental 

period 32 (Table 1). Drainage ratio (i.e., discharged over applied 

water) and the irrigation frequencies were controlled and adjusted 

depending on plant age, and greenhouse climatic conditions 

(temperature and light). Total of 4 to 20 irrigations were made daily 

at every hour or every 45 minutes from 6:00 am to 20:00 pm. 

Irrigation frequency during early stage of experiment, until 30 days 

after transplantation, was daily 4  irrigations and gradually 

increased up to daily 20 irrigations at later stages (192 days after 

transplantation) of production. The irrigation frequency was the 

same in all treatments and it was timer controlled automatically. 

   The full-open (F-O) irrigation treatment which is commonly 

preferred in soilless greenhouses, was considered as the control 

among the tested treatments. Under the PRD treatments, both 

open (PRD-O) or closed (PRD-C), each half of the root system 

was separated using a hard polyethylene sheet to prevent leaching 

of the nutrient solution from one half to the other. Two drip 

irrigation lines with each line irrigating separately only one half of 

the root system were used. Only one half side of the root system 

was irrigated at a given irrigation event under the PRD treatments. 

The irrigated sides of the root zone were interchanged every 

irrigation in subsequent irrigations during the day. 

   The implementation of the PRD treatments was initiated fifty-six 

days after transplanting (DAT). During the following 117 days, 

the plants under the PRD treatments were grown under 50% deficit 

irrigation. The plant growth and fruit load increased with rising of 

spring-season temperature and of light intensity in the 

greenhouse. Therefore the levels of irrigation deficit implemented 

under the PRD treatments were reduced, respectively, to 42% and 

31% of the full treatments for 21-day period starting 172 DAT and 

59-day period starting 193 DAT of the experiment. Table 1 shows 

the amount of nutrient solution applied per plant, mean drainage 

rate, mean EC and pH values of nutrient solution during the 

progress of the experiment. The pH of nutrient solution was always 

maintained between 5.5 and 6.5 by applying nitric or phosphoric 

acids.

Nutrient solution: During the experiment the open-system plants 

were supplied with following nutrient solution 4 (in mg L-1) : NO
3
-

N (135-200), NH
4
-N (15-28), P (40-70), K (200-400), Ca (150-200), 

Mg (50-75), Fe (2.8-5.0), Mn (0.8-1.0), Cu (0.3-0.4), Zn (0.3-0.4), B 

(0.3-0.4) and Mo (0.05-0.1). The EC values of nutrient solution of 

the open systems were between 2.0-2.9 dSm-1 during the 

experiment. The EC values under PRD-C and F-C treatments varied 

within the range of 2.0-4.2 dSm-1 and 2.0-3.9 dSm-1, respectively 

(Table 1). 

Plant and root medium measurements: Some plant growth 

parameters such as plant height, leaf number and stem diameter 

between 3rd and 4th nodes were determined 31, 122 and 210 DAT 

(Table 2). At the end of the experiment, total shoot fresh weight 

including stem and leaves and plant leaf area were determined. 

Early yield and total yield and some fruit quality parameters were 

also investigated. Periodical plant leaf analysis for N, P, K, Ca, 

Mg, Fe, Mn, Zn, Cu and Na was conducted in order to compare 

nutritional status of the tomato plants grown under different 

treatments. The leaf samples were collected from  the 9th or 10th

leaves from the tops of the plants. Tomato leaves were dried at 

65ºC for 48 hours. After drying, the samples were grounded to 20 

mesh sieve size. Leaf powder was ashed at 550ºC for about 8 h and 

dissolved in 3.3 % HCl. The concentrations of K, Ca, Mg, Fe, Mn, 
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Zn, Cu, Na in leaves were assessed with atomic absorption 

spectrometry 2, 21. Nitrogen and phosphorus concentrations were 

determined by Kjeldahl and Barton methods, respectively 22.

   In order to determine ion accumulation in root medium, the water 

extracts of perlite-water mixture in ratio of 1:2 (v/v), were used 14.

The growth medium samples which were collected from the top to 

the bottom of the growth containers at the beginning and at the 

end of growing period. NO
3
-N concentration was determined by 

the distillation of the water extracts with MgO and Devarda alloy, 

SO
4
 and PO

4
concentrations were determined by the colorimetric 

methods 35. The concentrations of K, Ca, Mg, Fe, Mn, Zn, Cu and 

Na were again determined by the atomic absorption spectrometry. 

The chloride (Cl) concentration was measured with AgNO
3

titration 20.

Data analysis: Treatment effects in the experiment were analyzed 

with analysis of variance (ANOVA) and treatments means were 

compared using L.S.D. (P = 0.05) procedure. 

Results

Plant vegetative growth: Adverse effects of water stress on plant 

development were not evident under PRD practices which were 

irrigated with 30% to 50% less water compared to fully 

irrigated treatments (F-O and F-C). Although the plant-height 

measurements on 122 DAT and 210 DAT were showed some 

differences and the F-C plants were significantly (P = 0.05) shorter 

than those of the other 3 treatments (F-O, PRD-O, and PRD-C) 

(Table 2), however there were no significant differences among 

the treatments in respect to the number of leaves (Table 2). It was 

further noted that the plants, grown under open systems, had 

similar height as the PRD-C plants, irrespective of whether they 

were irrigated under full or PRD practice (Table 2). Although there 

were some differences in the stem diameter among the treatments 

on 31 and 122 DAT, at the end of the production period all 

treatments produced the same stem thickness. 

   Tomato plants under the treatments PRD-O, PRD-C and F-O had 

similar shoot fresh weight (leaves + stem) and leaf area (Fig. 1). 

However these parameters were higher, although not significantly 

(P= 0.05), than F-C plants (Fig.1). Total shoot fresh weight and 

leaf area were 16.5% and 16.0% lower with F-C plants, compared 

with plants under F-O. 

 Early and total yield: Early tomato production was higher under 

PRD practices. The highest early yield (the period from January 

3 to March 31) was obtained from the PRD-O treatment as 

6.8 kg m-2 (Fig. 2). The PRD-C and F-O irrigations gave similar 

early yields (5.9 and 6.1 kg m-2, respectively), and the lowest early 

tomato crop was from F-C plants as 5.5 kg m-2 (Fig. 2). 

   Effect of the treatments on total yield was significant (Fig. 2). 

The highest total yield (19 kg m-2) was obtained from the plants 

under F-O system. Tomato yields under PRD-C and PRD-O 

treatments were 18.0 kg m-2 and 17.1 kg m-2, respectively. The yield 

reductions in these treatments compared to F-O were 5.3% and 

9.9%, respectively. The lowest yield was from the F-C treatment 

as 16.9 kg m-2 which was 11.3% lower compared with F-O. 

 Amount of nutrient solution applied: Although the plants under 

PRD treatment received 50% deficit irrigation from 25 November 

2004 to 20 March 2005, for a period of 117 days, the deficit was 

first reduced to 42% and later to 31% owing to increased 

temperature, light intensity and fruit load in spring (Table 1). 

Therefore the overall irrigation deficit under PRD treatments was 

36% compared to full irrigation (F-O, F-C) treatments. The plants 

in the full and PRD treatments received 356 L and 228 L nutrient 

solutions per plant, respectively during the whole experimental 

period (Fig. 3). The recycling of the nutrient solution contributed 

129 and 65 L plant-1 for the closed systems, F-C and PRD-C 

treatments, with the fresh nutrient solution used was 227 and 163 

L plant-1, respectively (Fig. 3). The closed systems saved 29% 
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Figure 1. Total shoot fresh weight (TSFW), including leaf and stem 

excluding fruit, and leaf area (LA) per plant at the end of the experiment. 

Both data TSFW and LA are not significantly different at P = 0.05. 

PRD-O: Partial rootzone drying-open system, PRD-C: Partial rootzone 

drying-closed system, F-O: Full-open system, F-C: Full-closed system. 

Data in each column followed by different letters show least significant difference at P = 0.05 

PRD-O: Partial rootzone drying-open system, PRD-C: Partial rootzone drying-closed system, F-O: 

Full-open system, F-C: Full-closed system, DAT: Day After Transplanting 

Table 2. Effects of the treatments on the plant growth at the 

different growth stages. 
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and 36% nutrient solution under PRD and full treatments, 

respectively, compared to open systems. The combined use of 

deficit and recycling under PRD-C treatment saved 54% fresh 

nutrient solution compared to F-O treatment (Fig. 3). 

Water use efficiency: Water use efficiency (WUE) was calculated 

as the amount of nutrient solution for producing 1 kg tomato. The 

re-cycling of nutrient solution is rather indispensable and worthy 

practice in soilless production systems for saving water and 

fertilizer with additional advantage of reduced drainage discharge 

to environment. Therefore in closed applications (F-C and PRD- 

C), only the amount of fresh nutrient solution used was considered 

and re-cycled solution was ignored in calculation of WUE. In this 

case the WUE was 42.4 , 28.8, 59.6  and 42.8 L   kg-1 in PRD-O, PRD- 

C, F-O and F-C irrigation treatments, respectively. It should be 

noted that the WUE under closed systems was higher compared 

with the open systems. The PRD and full irrigations under closed 

systems showed 52% and 28% higher WUE compared with open 

system of full treatment (F-O), respectively. 

Fruit properties: The fruit properties as mean fruit weight and 

total soluble solids in juice were different significantly (P = 0.05) 

among the tested treatments (Table 3). The heaviest fruits were 

from F-O irrigation. Both PRD treatments and F-C plants had similar 

fruit weights. The high soluble solids of fruit juice were noted 

under closed systems of both PRD and the full irrigation 

treatments (PRD-C and F-C) (Table 3). 

Leaf nutrient content: The bi-monthly leaf analysis for N, P, K, 

Ca, Mg, Fe, Mn, Zn, Cu and Na showed that the tomato plants 

were adequately fed throughout the growth period (Table 4). 

Although the nutrients concentrations changed depending on 

the sampling time, the differences observed were not significant 

(P = 0.05) for a given sampling time. The ranges of nutrient 

concentrations recorded were within the order of “adequate level” 

except K which was lower than required ranges in March and 

May 3, 29.

Ion concentration in the growth medium: Ion concentrations in 

plant-rooting zone at the beginning and at the end of growing 

period are given in Table 5. Generally the ions increased toward 

the end of season in perlite (except Mg). At the end of the season, 

K and Ca concentrations were higher, although not significantly 

(P = 0.05), under full treatments (F-O and F-C) than with PRD 

practice. Under the closed-full treatments, the perlite had higher 

concentrations of K, Ca and Mg than with open-full treatments. 

The similar trend was observed as for the concentrations of 

H
2
PO

4
-P, NO

3
 and NH

4
 ions. Although undesired accumulation of 

Na, Cl and SO
4
 may be expected particularly under the closed 

systems, such as the treatments of F-C and PRD-C, the SO
4
 data 

of the PRD-C treatment did not confirm such expectation. Only Cl 

and Na accumulation were noted under the full treatments, 

and especially Cl content was higher compared with other 

treatments (Table 5). 

Discussion

Some previous studies 8, 11, 15, 23, 33 have shown that plant growth 

would be reduced under PRD practices,      although the growth 

reduction would not essentially be accompanied with significant 

yield reduction in soil grown plants. Contrary to these 

studies, the vegetative plant growth was not significantly 

reduced with PRD practice in soilless grown tomato (Table 

2 and Fig. 1). Non significant reductions of leaf area were 

4.0% and 4.8%, and total shoot fresh weight reductions 

were only 4.0% and 1.2%, in PRD-O and PRD-C treatments 

compared to F-O, respectively. In soybean plants reported 

that leaf area was not affected by withholding irrigation 

until leaf turgor had been significantly reduced 26.

Although we have not measured leaf turgor we did not 

anticipate any reduction of leaf turgor with the small 
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Figure 2. Early (from January 3 to March 31) and total (from January 

3 to June 7) tomato yields (kg m-2). Data shown with bars of the 

same shading and topped with different letters show least significant 

difference at P = 0.05. PRD-O: Partial rootzone drying-open system, 

PRD-C: Partial rootzone drying-closed system, F-O: Full-open 

system, F-C: Full-closed system. 

Treatment Fruit number per 

m-2
Mean fruit weight 

(g)

Mean juice TSC 

(%)*

PRD-O 164 104.6  b 5.3  b 

PRD-C 168 110.3  b 5.7  a 

F-O 153 124.3  a 5.4  b 

F-C 157 107.5  b 5.6  ab 

P 0.1415 0.0010 0.0163 

LSD 0.05 1.449 7.538 0.258 

Table 3. Effects of the treatments on some fruit quality properties. 

*: Total Soluble Content or Brix Data in each column followed by different letters show least significant difference 

at P = 0.05. PRD-O: Partial rootzone drying-open system, PRD-C: Partial rootzone drying-closed system, F-O: Full- 

open system, F-C: Full-closed system 
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unsignificant reduction (4.0% and 4.8%) noted in leaf area with 

the PRD treatments. However, it is difficult to explain the decrease, 

although not significant, of 16% in leaf area and 16.5% in total 

shoot fresh weight of plants, under closed system of full irrigation 

(F-C). One reason might be toxic ion (e.g. Na, SO
4
, Cl) accumulation 

and general increase of EC in continuously re-cycling nutrient 

solution. However, only accumulation of Cl ion was observed in 

the growing medium at the end of season  (Table 5), in spite of 

maintaining EC of the substrate below 4.5 dS m-1 with washing if 

needed. 

   Although the PRD plants received up to 50% less nutrient 

solution (over all 36% throughout the season), there was no 

adverse effect evident on plant growth and fruit yield  (Table 2 

and Fig. 1). Although a reduction in supply of nutrients during 

switching from wet to dry cycle might have occurred, the nutrient 

solution available in the wet side of the root-zone was presumably 

sufficient for supplying nutrients to sustain plant growth as well 

as water. Some authors 9 indicated that plant water status would 

normally be determined through equilibration with the sufficiently 

moist part of the root-zone under PRD practice. We may expect 

therefore that the wetter part of the plant root-zone would similarly 

supply plant nutrients. 

   Results of this study showed that the PRD practice in soilless 

grown tomato was quite effective for saving water and nutrients. 

The reduction of total fruit yield noted under the PRD practice 

was not significant (P =  0.05). In processing tomato 40 the reduction 

of tomato yield under PRD practice depends largely on the 

frequency by which the irrigation was shifted to dry half of the 

roots. In our study, the irrigated side was alternated at rather 

short intervals, in minutes to hours, during the day. The short 

interval between the irrigations is the most important property of 

soilless growing technique. Therefore, marginal fruit yield 

Data in each column followed by different letters show least significant difference at P = 0.05. PRD-O: Partial rootzone drying-open system, PRD- 

C: Partial rootzone drying-closed system, F-O: Full-open system, F-C: Full-closed system DW: Dry weight 

Table 4. Effects of the treatments on nutrient concentrations of tomato leaf (9-10 leaf from the 

top) during different periods of the growing. 
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reduction of about 5 to 10% was not significant (P = 0.05) under 

the PRD practice where any adverse effect of plant water stress, if 

occurred, was eased off  with continuous transpiration stream 

from the fully wetted side of the plant root zone. Although the 

yield reductions under PRD-O and PRD-C systems were 10% and 

5%, respectively compared with that of conventional open full 

irrigation system, savings in nutrient solution were 36% and 54%, 

respectively. The higher proportion of nutrient solution saving 

under the PRD-C system came from combined benefits of deficit 

irrigation and re-cycling of nutrient solution. The re-cycling saved 

36% nutrient solution, with however 11.3 % yield reduction, under 

F-C treatment compared to open system of full irrigation (F-O). 

Tomato WUE was the highest (54%) with PRD-C plants among all 

the tested treatments. In soil grown greenhouse tomato 23 , 17- 

22% yield reduction  was reported with 50% deficit PRD irrigation 

for soil grown greenhouse tomato, although the PRD practice 

increased water use efficiency by 45-57%. In soil grown crops, in 

contrast to the soilless grown, only part of the root system is well 

watered, and the rest of the root zone remained partially dry, 

reaching soil water potentials of the order -0.5 to -0.7 MPa 23 for 

periods up to one to two weeks which should create harsh levels 

of water stress on plants. In PRD conditions since part of the root 

system well watered, there should be some defense against water 

stress and adequate supply of water to the fruits is maintained. 

The fruits in PRD plants, being major sink for photoassimilates, 

could compete with other plant parts and thus fruit yield reduction 

may be only marginal with significant increase of water use 

efficiency. It is also speculated that xylem derived signals of water 

stress would reach to fruits at somewhat later stage of development 

which is largely controlled by the phloem derived transport 6, 33.

Thus, the fruit development is influenced the least with water 

stress under PRD practice implemented to soil grown crops. The 

decreased stomatal conductance of vines under PRD had no major 

negative impact on carbon assimilation 8. The benefits of PRD 

relative to full irrigation were result of restricted water consumption 

with however no adverse effect on CO
2
 assimilation, leading 

therefore to improved water use efficiency 8. Similar response was 

achieved in the present study and thus vegetative growth and 

yield of soilless grown tomato under PRD effect (up to 50% deficit 

irrigation) exhibited only marginal and non significant (P = 0.05) 

yield reductions. 

   Single fruit weight was significantly reduced under both PRD 

and full closed treatments, compared to full open system 

(Table 3). Fruit size can be reduced by water stress mainly as a 

result of a shorter fruit growth period 18. Therefore, higher fruit 

load under the PRD treatments, although the differences were not 

significant (P= 0.05), might have led to the observed decrease in 

fruit weight. The reverse was also true: the smaller was the fruit 

size the higher was the fruit load. Interestingly the less fruit load 

and reduced fruit size observed under full closed system (Table 3) 

confirmed the view that the fruit size can be manipulated through 

controlling electrical conductivity of the nutrient solution (salt 

accumulation in re-cycling solution) in soilless production 

systems 18. Although the plants under F-C treatment were not 

under water deficit, higher proportion of toxic ion accumulation 

(e.g. Na, Cl) in re-cycling nutrient solution caused smaller size of 

fruits. 

   Total soluble solid concentration increased under both PRD-C 

Data in each column followed by different letters show least significant difference at P = 0.05. PRD-O: Partial rootzone drying-open system, PRD-C: Partial rootzone 

drying-closed system, F-O: Full-open system, F-C: Full-closed system 

Table 5. Ion concentrations in root medium perlite at the beginning (November) and end (June) of the 

experimental  period (mg L-1).
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