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ABSTRACT Little is known on the optimal plant densities, nutrient concentrations, and rootzone temperatures for Curly
Dwarf Pak Choy’ (CDP) production in raft hydroponic system in tropical climate. In this study, five experiments were
carried out to assess the growth and yield of CDP at 40, 50 and 61 plants/m? x 1.7, 2.2 and 2.8 mS/cm nutrient
concentrations (EC). This experiment was followed with single plant experiments in EC 2.2 mS/cm at 25°C/25°C - 27°C
versus not-controlled/25°C - 38°C (rootzone °C/ambient °C). The highest growth and yield were achieved at 50 plants/m?,
EC 2.2 mS/cm, and 25°C rootzone temperature. Marketable size was also achieved in less than 30 days at the lower
temperature. Growth and yield, however, were not depending on plant density x nutrient concentration. These three
factors need to be optimized to achieve a higher Pak Choy yield in raft hydroponic system in tropical climate.

KEYWORDS: Brassica rapa L.; raft hydroponic system; plant density; electrical conductivity; rootzone temperature.
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INTRODUCTION

Pak Choy or Brassica rapa L. (Brassicaceae) is one of the popular leafy vegetables in Asia (Cartea et
al., 2010). Apart from its economic importance, it is also known for its health benefits. Pak Choy
contains beneficial phytochemicals, provitamin A, vitamin C, minerals and fiber (Fahey, 2003;
Acikgoz, 2016). The demand and awareness about the importance of vegetable for a healthy diet are
increasing. However, the vegetable productions in Southeast Asia are still insufficient to meet the
recommended minimum intake, which are at least 146 kg vegetables and fruits per capita (WHO &
FAQO, 2005). This need can be attained with the use of modern farming technologies that allows
farmers to provide the condition for the crops to achieve its genetic growth potential. In that
direction, the soilless farming could represent the effective crop management to enhance crop yield.

In a soilless production of Pak Choy, plant density, nutrient supply and rootzone temperature are
some of the controllable factors that determine growth and yield. Plant density is the number of
plants per area. A suitable plant density can lead to optimum marketable yields, as it affects the
plants leaf area index (LAI) and light use efficiency (LUE) (Lee et al., 2003). Increment in plant
spacing increased plant height, canopy width, leaf number, leaf length, and leaf fresh and dry mass
per plant (Moniruzzaman, 2006). Cho et al. (2015) showed a linear relationship between shoot
weights (dry and fresh) per area and plant density. At high plant density, shoot dry weight per plant
decreases because inter-plant competition for light and nutrients increases. In commercial practices,
plant densities are usually decided based on the mature size of the Pak Choy which can be as low as
20-30 plants/m? in floating system (Silva et al., 2015; Bailey & Ferrarezi, 2017). Cho and Son (2005)
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suggested a much higher density of 67 plants/m? to achieve the best yield of hydroponic Pak Choy.
Wiangsamut and Koolpluksee (2020) recommended an even higher density with 167 plants/m?2. As
there is a high variation in the current recommendations, it is certainly important to reassess plant
density in soilless farming on a case-to-case basis to help farmers to decide on this factor.

A proper and balanced supply of nutrients will boost the growth and yield of hydroponic Pak
Choy. Nevertheless, an optimal EC is crop specific and depends on the environmental condition
(Sonneveld & Voog, 2009; Le Bot et al., 1998). For Pak Choy cultivation in a controlled-environment
condition, the EC is suggested from 1.5 to 2.5 mS/cm (Parks & Murray, 2011; Ding et al., 2018; Lee et
al., 2012). For open-system Pak Choy cultivation in tropical condition, however, reports on the
suitable EC are scarce. This information is vital because the air temperature in a greenhouse in
tropical climate can reach up to 38°C during midday. This promotes high rate of transpiration in
plants. In this condition, the nutrient supply, as indicated by the solution’s EC, will strongly
determine the balance between water and nutrient uptake. A combination of high EC with high
surrounding temperature will cause nutrient build up at the root surface, leading to osmotic
drought or fertiliser toxicity. Although interaction between plant density and nitrogen supply has a
significant effect on Chinese vegetable yield in conventional farming (Hill, 1990), the effect of these
two factors on the growth and yield Pak Choy in hydroponic system is yet to be known. There is a
possibility of maximizing the growth and yield of high-density hydroponic Pak Choy in tropical
region by supplying more nutrients, but this has to be tested first because it could also be
detrimental to the plants.

Rootzone temperature affects plant growth and the balance between water and nutrient uptake
(Mozafar et al., 1993; Marschner et al., 1996; Bode Stoltzfus et al., 1998). In tropical climate, the
temperature of the surrounding area is high. This condition may increase the hydroponic solution
temperature. As a result, osmotic concentration in the rootzone also increases. Water and nutrient
uptake balance are disordered and interrupted the photosynthesis. A severe situation occurs when
the ambient temperature is also high, as temperatures above 35°C will halt the primary
photosynthetic process in green plants (Al-Khatib & Paulsen, 1989). Lettuce, on the other hand, can
be grown in tropical ambient temperature by lowering the rootzone temperature (He & Lee, 1998;
Cometti et al., 2013). Lowering the rootzone temperature minimizes the effects of high EC and
increases the concentration of dissolved oxygen. Hence, it facilitates plant water and nutrient uptake
at higher ambient temperature. Pak Choy has a better tolerance to high ambient temperatures than
lettuce, and thus controlling the rootzone temperature may be less critical. From another
perspective, however, the need to control the rootzone temperature for Pak Choy stands on
economic factor where a few previous studies indicate a remarkable yield of these vegetables in hot
weather due to the lower rootzone temperature.

Based on the above review, little is reported in the literature about the optimal plant density,
nutrient concentration and rootzone temperature for hydroponic production of leafy vegetables in
tropical regions. Hence, this study was carried out to determine those values to achieve a higher
growth and yield of Brassica rapa L. ‘Curly Dwarf Pak Choy” (CDP) in raft hydroponic system in
tropical climate. The data will fill up the relevant knowledge gaps for the benefits of the local
farmers.
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METHODOLOGY

This study was carried out in the Faculty of Sustainable Agriculture, Universiti Malaysia Sabah,
Sandakan campus. The experiments on density and nutrient concentration were carried out in an
insect proof rain shelter (IR). The ambient temperature and relative humidity in the IR were 25°C —
38°C and 50% — 91% respectively; it is an open-air rain shelter of 24m x 6m — the roof is UV plastic
and the wall is an insect net. The experiments on rootzone temperature were carried out in a
controlled-environment house (CE). The CE is an 8 m x 4 m greenhouse with corrugated
polycarbonate wall and roof. The temperature, humidity and CO: levels inside the CE can be
programmed to certain values using a computer. During this study, the temperature and relative
humidity in the CE was controlled at 25°C — 27°C and 65% — 96%, respectively.

Plant Materials and General Cultural Method

The seeds of Brassica rapa L. ‘Curly Dwarf Pak Choy’ (CDP) were purchased from authorised
local seed supplier. The CDP was first germinated in 1,536 4-cm-diameter hydroponic cups placed in
eight 88cm x 56cm x 5cm trays filled each with 13L of 1 mS/cm nutrient solution. Cotton yarns were
placed in the cups as the media and about 4-5 seeds were germinated directly on the yarn. The
solution level in the trays were maintained by adding 3L filtered tap water every 2-3 days, or when
necessary, to maintain the EC and pH of the solution. These seedlings were all established in the IR.
On day 10 after sowing (DAS), the seedlings were thinned to retain two healthy seedlings per cup.
The cups with the best seedlings were then selected and transplanted to the experiments (i) on
density and nutrient concentration and (ii) on rootzone temperature. On day 10 after transplanting
(DAT), a second thinning was carried out to retain only one seedling per cup until harvest. The
plants were harvested at 27 DAT (37 (DAS). Monitoring of pest and disease were carried out daily
throughout the study. Detected pests were removed by hands.

The composition of stock solution was 186.3 mg/L NOs-N, 20.7 mg/L NHs-N, 207 mg/L K, 69
mg/L Ca and 4.14 mg/L Fe for Stock A, 41.4 mg/L P, 41.4 mg/L Mg, 0.45 mg/L B, 0.12 mg/L Cu, 2.07
mg/L Mn, 0.02 mg/L Mo, and 0.28 mg/L Zn for Stock B; nutrient composition and concentration
were rationalised based on the nutrient content in dry plant tissue as reported in Resh (2013). The
nutrient solution was prepared by diluting the stocks with filtered tap water accordingly to the
targeted ECs (1.7, 2.2 and 2.8 mS/cm). The pH was adjusted by adding 20% nitric acid to a
favourable range of 5.5-6.5. The EC, pH and dissolved oxygen (DO) of the nutrient solutions in all
experiments were measured and recorded every 3 days using EC/TDS tester (HI98318, Hanna
Instrument), Eutech pH6+, and Eutech DO 6+ (Eutech Instruments, Thermo Fisher Scientific). An
external data logger (HOBO® Pro v2 U23-002; www.onsetcomp.com) was placed 30cm above the
ponds or the mini raft systems to record the temperature and relative humidity of the environment
inside the IR and CE every hour throughout the study.

Effect of Plant Density and Nutrient Concentration

The experiments were carried out in the IR. Twelve 2.44m x 1.22m ponds were constructed and
placed in 9m x 5m area in the shelter to collectively become semi-commercial raft hydroponic
system. Each pond had four pieces of 0.6m x 1.2m Styrofoam-rafts and a capacity of 220L nutrient
solution. A 1800L/h submersible water pump was placed in each pond to stir the nutrient solution in
order to avoid sedimentation and to maintain the DO in the solution above 2ppm. The power of the
water pump was controlled with a digital timer; it was set to work every 1 hour, with 2-hour rest in
between throughout the day. The growth and yield of the CDP were assessed in a 3 x 3 factorial
experiment with three levels of plant densities (PD) and nutrient concentration (EC) (Table 1). Nine
units (ponds) of the semi-commercial raft hydroponic system were used in the experiment per
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production cycle. The experiment was laid out in a completely randomized design with five
replications, or five production cycles.

Table 1. List of factors and treatment levels in Experiment 1.

Factors PD (plants/m?) EC (mS/cm)
40 (15x15cm)t 1.7
Treatments 50 (12 x 15 cm) 2.2
61 (12 x 12 cm) 2.8

Note: PD = plant density; EC = nutrient concentration.
t plant spacing: distance between and within the rows of two hydroponic cups.

Effect of Rootzone Temperature

The experiments were carried out in 10 mini raft systems following the suspended raft and non-
circulating method by Kratky (2010). Each mini raft system made of 24 cm (L) x 17 cm (W) x 14 cm
(H) plastic container. Each system had one Styrofoam-raft; 4-cm hole was drilled at the centre of the
Styrofoam to accommodate one hydroponic cup. The seedlings raised in the IR were selected and
grown in EC 2.2 mS/cm nutrient solution as a single plant in each of the mini raft systems. Five
systems were placed in the IR and CE, respectively, following a completely randomized design. The
replicates in the IR represented not-controlled/ 25°C — 38°C (rootzone °C/ ambient °C: T1). The
rootzone temperature was not controlled; it depended on the ambient temperature. The replicates in
the CE represented 25°C/ 25°C — 27°C (rootzone °C/ ambient °C: T2). The rootzone temperature was
controlled at 25°C using a 70W thermostat. The mini raft systems were placed in an 88cm x 56cm x
5cm tray that were filled with water and the water was run through the thermostat where the
temperature was set to chill the water to 25°C. A thermometer was used to confirm that the rootzone
temperature in the mini raft systems was 25°C.

Growth and Yield Assessments

Growth was evaluated as the height (H), number of leaves (LN), leaf area (LA), fresh root weight
(FWR) and root to shoot ratio (R:S) of the CDP. Before harvesting, H was measured using a 30cm
long standard scale as the length from the surface of hydroponic media to the highest free-standing
point of the CDP crown. LN was counted including leaves that were just beginning to unfold, or
once the leaf has expanded to lcm? or greater. After harvesting, CDP were rinsed with water to
remove dust or debris, and excess water was dried using laboratory grade tissue. LA was measured
using leaf area meter (LI-3100 Area Meter, LI-COR Biosciences). Roots were separated from the
shoots by cutting the stem just above the hydroponic media. FWR was weighed using a top balance
(Model TLE3002E, Mettler Toledo). The shoots and roots of CDP were dried in oven (Model FD 23 —
20L, Binder) at 80°C until constant weight was attained (42 hours), and weighed immediately using
a top balance. The R:S per plant sample was calculated based on the root and shoot dry matter
weights.

Yield was measured as the fresh (FWS) and dry (DWS) shoot weights of the harvested CDP.
Fresh weight was measured just after harvesting using the top balance. DWS was extracted from the
R:S assessment explained above. Productivity per area (PV) was measured as the total yield of CDP
per Im?of area grown.

Plant Nutrient Uptake
Concentrations of N, P and K in dry plant tissue were measured as nutrient uptake of CDP.
Sample was pre-treated, dried at 70°C for 42 hours (Sonneveld & van Dijk, 1982) and ground before
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analysis. Total N was determined using dry combustion-based analyser (CHN-600, LECO
Corporation, St. Joseph, MI). Analyses of dry plant tissue for determination of total P and K were
carried out using dry ashing method (Isaac & Johnson, 1975) with some minor modifications.
Approximately 0.5g of the ground sample of dry plant tissue was weighed into a porcelain crucible.
The sample was placed in a muffle furnace and ash at 300°C for 1 hour. The temperature was raised
to 520°C and continued ashing for 5 hours until sample turns white. The sample was left to cool
before inspection. Then, a few drops of distilled water were added to moisten sample, followed by
1ImL of concentrated HCl. Sample was evaporated to dryness on a hotplate. Then 5mL of 20% HNOs
was added and placed in a water bath 1 hour. All digestion was conducted in the fume hood
following standard practices. After the digestion process has completed, the solution was filtered
into a 50mL volumetric flask through a filter paper (Whatman No. 2). The volume of the solution
was then made to the mark by adding deionized water. The concentration of K was determined by
Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES Optima 5300 DV, Perkin
Elmer). Total P was estimated using a benchtop photometer (HI83099, Hanna Instrument).

Statistical Analysis

Growth and yield of the CDP in the different PDs and ECs were statistically analysed by
performing a two-way ANOVA on the data obtained. Normality and variance homogeneity test on
the data were carried out prior to analysis; the tests showed that the data were normally distributed
and had homogenic variances. The means were separated using Tukey HSD test. A T-test was
performed to determine the effects of rootzone temperature on growth performance and yield of the
CDP. All statistical analyses were carried out using SAS Version 9.4 (SAS Institute Inc., 2002) at
alpha =0.05.

RESULT

Effects of Plant Density and Nutrient Concentration

There was no significant effect of interaction between PD and EC on the growth and yield of the
CDP either on H, LN, LA, FWR, R:S, FWS, DWS, or PV (Table 2). The effect of PD on H, LN and LA
was not significant. Root growth as root weight was significantly lower at PD 60 plants/m?. Hence,
root to shoot ratio was higher at the highest PD treatment. Fresh and dry yield and productivity per
area were significantly lower at PD 60 plants/m? EC had no effect on the growth parameters. Fresh
yield was significantly higher at EC 2.8 mS/cm. Total yield per area significantly increased at EC 2.2
mS/cm, and it further increased at EC 2.8 mS/cm.

There was no significant effect of interaction between PD and EC on the nutrient uptake of the
CDP either on N, P or K (Table 3). Plant density had no significant effect on the accumulation of N, P
and K in the plants. However, increment in nutrient concentration increased the uptake of N and K.
N and K significantly accumulated in EC 2.8 mS/cm. Based on the growth, yield and nutrient
accumulation response of CDP, the best PD and EC are 50 plants/m? and 2.2 mS/cm, respectively.
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Table 2. Growth and yield responses of CDP in different PD and EC.
Treatment H (cm) LN LA (cm?) FWR (g) R:S FWS (g) DWS (g) PV (kg/m?)
PD (plants/m?)
40 13.67+0.26at 14.39+0.26a 56.21+2.63a  5.04+0.29a  0.10+0.004b  87.96+3.99a" 4.46+0.18a  4.49+0.36a
50 13.93£0.19a  14.27+0.25a 54.49+2.71a 4.37+0.27ab 0.1120.003ab  83.20+2.96a  4.02+0.69ab  4.21+0.27ab
61 14.15+0.22a  13.69+0.22a 52.58+2.43a  3.84+0.18b  0.12+0.005a  72.03+2.85b  3.53+0.38b  3.69+0.29b
EC (mS/cm)
1.7 13.73+0.23a  13.86+0.24a 51.50+2.10a  4.51+0.24a  0.11+0.005a  73.16£3.25b  3.77+0.15a  2.93+0.13c
2.2 14.09+0.23a  14.15+0.25a 52.58+2.20a 4.54+0.32a  0.11+0.005a  82.58+3.18ab  3.95+0.17a  4.13x0.16b
2.8 13.93+0.23a  14.35+0.26a 59.21+2.98a 4.20+0.27a  0.11+0.005a  87.44+3.76a  4.29+0.20a  5.33+0.23a
PD NS Ns NS * *3% %% *%% *%
EC NS NS NS NS NS o NS e
PD x EC NS NS NS NS NS NS NS NS

tData are means + SE (n = 5). Values in each column followed by a different lower-case letter indicate significant difference
by the Tukey’s multiple range test (P < 0.05).

*

probability; NS = not significant

= significant at 5% level of probability; ** = significant at 1% level of probability; *** = significant at 0.1% level of

Table 3. N, P and K accumulation in dry tissue of CDP in different PD and EC.

Treatment N (ppm) P (ppm) K (ppm)
PD (plants/m?)

40 59516+3460.0a* 94.81+3.97a 461.93+43.75a
50 58507+4039.88a 90.00+2.08a 428.77+41.91a
61 58890+3294.13a 91.11+4.41a 405.94+31.44a

EC (mS/cm)
1.7 50253+2390.62b 91.11+1.67a 337.86+25.55b
22 58418+3360.49b 90.74+4.37a 416.69+27.58b
2.8 68243+1383.86a 94.07+4.30a 542.09+28.13a
PD NS NS NS
EC *X% NS %

PD x EC NS NS NS

t Data are means + SE (n = 3). Values in each column followed by a different lower-case letter indicate
significant difference by the Tukey’s multiple range test (P < 0.05).
*** = significant at 0.1% level of probability; NS = not significant

Effect of Rootzone Temperature

Controlling rootzone temperature at 25°C showed positive effects on CDP growth and yield
(Table 4). H and LN of CDP was not significantly affected by rootzone temperatures. Root growth
increased by 77% and leaf expansion by 58% compared to those of CDP in T1. Visual observation of
size revealed that CDP in T2 was much larger where 20 DAT of T2 was similar in size to 27 DAT of
T1 (Figure 1). For yield, fresh and dry yield per plant increased by 88% and 47% respectively,
compared to those of CDP in T1. Controlling the rootzone temperature, however, did not affect
accumulation pf N, P and K in dry tissue of CDP; concentration of these elements were not
significantly different between T1 and T2 (Table 5).
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Table 4. Growth and yield parameters of CDP in different rootzone temperatures.

TCC)  Hi(em) LN LA (cm?) FWR (g) R:S FWS (g) DWS (g)

T1 13.4+0.54a" 14.5+0.34a  71.03+5.84 Db 7.31+0.70b  0.12+0.009 a 85.28+5.02 b 5.44+0.17 b
T2 13.5+0.64a 17.0+0.73a 111.90+8.45a 12.93+1.21a 0.12+0.004 a 160.08+10.13a  8.01+0.46 a

Note: T1 = uncontrolled temperature; T2 = 25°C.
t Data are means + SE (n = 5). Values in each column followed by a different lower-case letter indicate
significant difference by the Tukey’s multiple range test (P < 0.05).

Table 5. N, P and K accumulation in dry tissue of CDP in different rootzone temperatures.

T (°C) N (ppm) P (ppm) K (ppm)
T1 60127 + 2721t 248+26.34 471.17 £ 33.2
T2 58284 + 2361 265+19.45 425.89 + 18.71

Note: T1 = uncontrolled temperature; T2 = 25°C.
tData are means + SE (n = 3).

Uncontrolled
temperature

¢ { 10 DAT ‘ 15DAT 20 DAT 27 DAT (HARVEST) —>

Controlled
temperature

Figure 1. Growth stages of CDP in uncontrolled and controlled solution temperature. (scale: lcm =
5cm)

DISCUSSION

Effect of Plant Density

CDP in PD 40 and 50 plants/m? achieved the highest growth and yield compared to that in 60
plants/m? (Table 2). Plants are known to develop adaptation strategy as a response to unfavourable
growing conditions. Plant root system would expand in the presence of lower-ground competition
especially water and nutrients, or decrease due to above-ground light competitions (Le Bot et al.,
1998). In this study, the root mass was significantly lower at PD 60 plants/m?2. This trend was also
observed in R:S of the CDP. This could be the respond of plants in the highest PD to light
competition, as when density increased many more leaves overlapped and adjacent plants shaded
one another. Light is insufficient, leading to poor energy biosynthesis for shoot and root
developments.

Planting density could determine the crop productivity as increased yield is the result of higher
number of plants in an area. Cho and Son (2005) reported that the best marketable yield of Pak Choy
was obtained at plant density 67 plants/m?2. Surprisingly, in this study, the yield of the CDP was
significantly lower at PD 60 plants/m?, which is still lower than the recommended density. This
opposing finding could be a varietal factor where the Pak Choy variety used in this study is a semi-
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erect with leaves expanding horizontally rather than semi-vertically. In other words, shading effect
is much severe. Cho et al. (2015) reported that productivity per area of Pak Choy increased with
increasing plant density but at the same time shoot dry weight per plant decreased due to
competition for light and nutrients. In this study, however, both yield per area and shoot dry weight
per plant decreased as PD increased. This trend was well explained by Cho and Son (2005) where
above the ideal density, both total yield and marketable yield (judged from individual yield) will
significantly drop. It is known that accumulation of N and K was not affected by PD as nutrients are
continuously available in the system. Hence, even a smaller root system is sufficient to absorb
adequate amount of nutrients (Greenwood, 1983). In other words, the poor yield at PD 60 plants/m?
is purely resulted from light competition, poor photosynthetic activity and low energy biosynthesis
for growth rather than because of low nutrient availability.

Effect of Nutrient Concentration

EC affects growth performance of Pak Choy. Ding et al. (2018) reported that leaf area of Pak Choy
was small when the plants were grown in EC 0 to 1.2 mS/cm, but it expanded when the nutrient
concentration was increased to EC 1.8 to 4.8 mS/cm; however, it decreased once the nutrient
concentration was increased to EC 9.6mS/cm. Leaf area and stomatal conductance decrease once the
plants are grown in high nutrient concentration (Albornoz & Lieth, 2015). In this study, the leaf area
size was reasonable irrespective of EC, as the ECs tested were all in the range suggested by Ding et
al. (2018). The fresh yield per plant was significantly higher at EC 2.8mS/cm, while fresh yield per
area was significantly increased at EC 2.2mS/cm. Yield continued to increase as EC increased. This
increment is the result of increased macronutrients (NPK) supply at higher EC. Nitrogen is essential
in chlorophyll synthesis, the primary light harvesting compound of photosynthesis. Phosphorus is
essential in energy metabolism while, potassium functions in protein synthesis, activation of
enzymes, and photosynthesis. Supplying these elements at the right amount increases
photosynthetic rate and leads to increment in fresh yield, such as, the case for the CDP in this study.
This trend was also reported by Albornoz and Lieth (2015) in their study on the effects of
macronutrient content increment on photosynthetic rates in lettuce.

A proper and balanced supply of nutrients to hydroponic Pak Choy is important for maximizing
growth and yield. Based on the data of this study, EC 2.2 mS/cm is proposed as the appropriate
nutrient concentration. It satisfies both the EC and the acceptable nitrogen limit in vegetables
recommended in the literature. EC of 1.5 to 2.5 mS/cm have been suggested as the best EC for
higher-yield hydroponic Pak Choy farming in controlled-environment conditions (Parks & Murray,
2011; Ding et al., 2018; Lee et al., 2012). In this study, the yield of the CDP, however, was still
increasing even after the EC was increased beyond the range suggested above (Table 2). Hence, if it
is not because of the concern about nitrogen limit in vegetable for safer consumption, the higher EC
used in this study would rightly be suitable for hydroponic Pak Choy cultivation in tropical
condition. The acceptable daily intake (ADI) of nitrate as determined by the Scientific Committee on
Food (SCF) was 0 to 3.7 mg/kg body weight/day (Santamaria, 2006). This amount is equivalent to the
intake of 222 mg nitrate/day for and adult weighing 60kg, which was also found to be more-or-less
the concentration of nitrate in 96g plant tissue of Pak Choy grown in EC 2.2 mS/cm. In Malaysia, the
average consumption of green leafy vegetables among 40% of adults was 96g/day (Norimah et al.,
2008), meaning EC 2.2. mS/cm offers the safest limit of nitrogen concentration in vegetable. It is
indeed considered to be safe, as the total recommendation of leafy greens consumption by WHO is
240g per day (Striegel-Moore et al., 2006).
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Effect of Rootzone Temperature

A lower rootzone temperature resulted in higher growth and yield of the CDP (Table 4). This was
because root mass was higher at a lower solution temperature (Table 4). At a higher solution
temperature, root death and bolting would be common as a result of reduced dissolved oxygen
(DO) concentration and limited cellular respiration (Cometti et al., 2013). With a higher root volume,
CDP in T2 had higher water and nutrient uptake, resulting in a significantly higher yield. Crop
growth accelerates when exposed to a lower temperature (Dodd et al., 2000). Controlling the
rootzone temperature at 25°C was also found to have shortened the time to achieve the marketable
size to 30 days (Figure 1). In another perspective, this advantage could also reduce fertilizer use and
increase production cycle a year.

CDP in T2 had higher water content of 95.0% compared to 93.6% in T1. It was reported that the
average water content in hydroponic lettuce increased from 94.6% to 95.2% once the temperature
was controlled at 26°C (Cometti et al., 2013). A low solution temperature speeds up the metabolic
processes, inducing water and nutrient uptake, and promotes the increase in shoot growth (Moorby
& Graves, 1980). Nutrient accumulation, however, was not affected by solution temperature (Table
5), meaning the increment in the growth and yield (Table 4) is thought to be the result of a more
balanced water and nutrient uptake of the plants at 25°C rootzone temperature.

CONCLUSION

Based on the data obtained, the optimal plant density, nutrient concentration and rootzone
temperature for CDP production in raft hydroponic system in tropical climate are 50 plants/m?, 2.2
mS/cm EC, and 25°C, respectively. There is also no significant effect of interactions between plant
densities and nutrient concentrations on growth and yield of CDP. Controlling the rootzone also
shortens the growing period of this Pak Choy. It has to be noted that the optimal density
recommended is lower than the rate recommended in the literature, because for CDP, higher plant
spacing is required to reduce light competition. Optimal plant density and nutrient requirement
differ for different types of leafy vegetables, meaning optimizing the three factors are crucial for a
higher leafy vegetable production in raft hydroponic system under tropical climate.
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