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ABSTRACT

The effects of various water quantities were assessed on Cucumber (Cucumis sativa L.)
grown hydroponically in the greenhouse. The objectives of the study were to evaluate
influence of water quantities on: i) photosynthesis and chlorophyll content of Cucumis sativa
L.; ii) the nutrient uptake in Cucumis sativa L. iii) flavonoid and anthocyanin metabolism in
Cucumis sativa L. and iv) growth and yield in Cucumis sativa L. The treatments included 8
various water regimes (2I/h, 4l/h, 6l/h, 8I/h, 10I/h, 12I/h, 14l/h and 16l/h. The plants received
water five times a day, making it 10, 20, 30, 40, 50, 60, 70, and 80 litres per day.

Results showed that generally the Photosynthetic rate (A), intercellular CO, concentration
(C) and stomata conductance (gs) and the transpiration rate of the cucumber plants were
significantly increased by increasing water quantities compared with lower water quantities.
Additionally, there were significant improvements in leaf colour in weeks 2, 3, 4, 5, 6, 7 and
8. Overall, the foliage colour was improved as water supply was increased. The greener
leaves were documented in treatments supplied with higher water doses. Additionally, the
chlorophyll content of cucumber plants was increased significantly with varying water

quantities. The highest chlorophyll contents were found in plants treated with 161/h.

The fresh and dry weights of roots, leaves and stems were significantly (P<0.001) influenced
by different water quantities supplied to Cucumis sativa L. The largest quantity of fresh roots
was recorded in the control treatment (2I/h) in comparison with all other treatments.
However, the best growth with regard to fresh and dry weights of leaves and stems were
recorded by supplying the water quantities ranging from 10-16l/h. Altering water supply
significantly (P<0.001) affected the uptake of nitrogen, phosphorous, potassium, calcium,
sodium, copper, zinc, aluminium and iron in roots of Cucumis sativa L. Irregular results were
recorded in the uptake of these nutrients in the roots. However, leaf uptake of N, P, K, Ca,
magnesium, sulphur, Cu, Zn, manganese, boron, and Al responded significantly (P<0.001) to
the different water quantities. The best result for each was observed at quantities involving
161/h. In stems of cucumber water quantities significantly (P<0.001) affected the uptake of N,
P, K, Ca, Mg, Na, S, Cu, Zn, Mn and B. The highest uptake of N, P, Ca, Mg and S were
found at the maximum supply of water (161/h) compared with the control (2I/h). Sodium
uptake showed irregular patterns, whereas K and Zinc uptake peaked at 14l/h.

The data from this study showed that flavonoid metabolism was not significantly affected by
the different water quantities supplied to cucumber plants. However, the anthocyanin content
in roots, leaves, and stem was significantly influenced by water levels. The lowest water

quantity (2-6l/h) significantly increased the levels of anthocyanins in all tissues tested.



Increasing water quantities significantly decreased the anthocynanin metabolism in all

tissues.

Plant height displayed significant differences with water quantities from weeks 1-8. In week
1, the plant height was superior at supplying 41/h in comparison with other treatments. In
week 2 and 5 irregular trends were detected. At weeks 3 and 4, plants supplied with 8-12I/h
displayed superior plant height performance. At weeks 7-8, significant and optimal results
were observed at water quantities ranging from 4-16l/h compared with the control treatment.
Water quantities significantly (P<0.001) affected the number of leaves per plant from weeks
2-8. Irregular results were displayed in weeks 2 and 3. At weeks 4 and 5, the highest
numbers of leaves were in water quantities of 12I/h and 10I/h, respectively. Generally, leaf
numbers increased with increasing water levels from weeks 6-8. Plant vigour was
significantly affected by the alteration of water quantities at weeks 1, 2, 4, 5, 6, 7 and 8. At
weeks 1 and 4, more vigorous plants were found in the treatments that received from 10-16
I/h. At weeks 2 and 5, optimal results were found at treatments that received from 6-14l/h. At
weeks 6, 7 and 8, the most vigorous plants were found at the highest water quantity of 16l/h.
With fruit length, fruit width, rind colour, fruit quality (marketable fruit) and weight, results from
the harvest done in the first, second and third week showed that water quantities significantly
influenced these parameters. Optimal results were reported when the plants were supplied
with water ranging between 14-16l/h. During harvesting at week 4, the fruit length, width, rind
colour, were of marketable quality at 16l/h. Generally, the plants that received highest

amount of water (161/h) had the highest cucumber yields compared with all other treatments.

Higher water quantities in this study resulted in increased physiological responses such as
photosynthesis and nutrient uptake which resulted in the higher fruit yields. In water-limited
environments, results from this study could assist growers with reasonable cucumber yields

while saving water for other farm uses.
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1.1 Abstract

In Africa, yield losses in vegetable production to farmers are exacerbated by water management
practices such as those used in the hydroponic systems. As opposed to surface irrigation,
controlling water supply to plants through drip irrigation may help growers to use water more
resourcefully hence facilitate various physiological processes in plants such as photosynthesis,
nutrient uptake and assimilation of metabolites. This review focuses on the need of supplying
optimum quantities of water to obtain exceptional yields of high quality. This will help growers in

reducing extra expenditure on water and thereafter recording good profits.

Key words: anthocyanin, chlorophyll, flavonoids, growth, nutrient uptake, photosynthesis.

11 INTRODUCTION

Originating from the Cucurbitaceae family, Cucumis sativus L. (cucumber) has become one of

the most well-liked vegetable produce (Ahmad and Aniz, 2005). In intensified systems,
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cucumbers may be produced hydroponically in sterilized media such as perlite, sawdust or
rockwool (Shaw et al., 2000; Heuvelink and Kdérner, 2001). In these systems, each cucumber
plant is trained with twine hung from a cable harnessed on top of each plant with its side shoots
removed in between each node (Shetty and Wehner, 1998; Shaw et al., 2000). In the controlled
environments, the optimum temperature for cucumber crops is 24-26°C throughout the day and
18°C at night. Chung and Staub (2003) stated that cold damage can occur when temperatures
drop below 12°C.

Water is an essential component when growing vegetable crops and other plants. Cucumber
crops need great quantities of water for optimal plant development and fruit production
(Combrink, 2005). As a result of drought and water becoming very rare all over in the world
including South Africa, it is commanding to utilize less water and still get the best out of the
vegetable crops (Bajracharya and Sharma, 2005). The use of drip irrigation is one of the best
options for optimizing this scarce resource as less water is used and increased crop yields may
be achieved. This method is good because under controlled conditions such as those of
hydroponic cultivation, it is possible to establish the exact quantity of water that is necessary to

cultivate plants effectively.

One of the major difficulties experienced by vegetables producers in South Africa, is the water
management and water use efficiency. As opposed to surface irrigation, the drip irrigation may
help growers to use water more resourcefully and prevent plants from coming into contact with
water and hence preventing disease development (Shock, 2006). To solve the water crisis
problem it is imperative to establish the optimum quantities to be supplied to obtain exceptional
yields of high quality. This will help growers in reducing extra expenditure on water and

thereafter recording good profits.

13 EFFECTS OF VARIOUS QUANTITIES OF DRIP IRRIGATED WATER ON
PHOTOSYNTHESIS AND WATER USE EFFICIENCY

Photosynthesis is a process whereby energy of the photosynthetically active radiation (within
the wavelength range 400-700 nm) is used to segregate gaseous carbon dioxide and liquid
water furthermore recombining them into gaseous oxygen and a sugar called glucose (Petela,
2007). Photosynthesis, transpiration and dry matter production of plants are closely connected

procedures. In the photosynthesis procedure, water plays an important aspect by controlling the
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stomatal opening and the effects it has on plants that do not receive sufficient water (Leopald,
1964). Photosynthesis is accountable for build-up of most of the dry mass of plants, and dry

matter yield is reduced when plants are exposed to low leaf water potentials (Boyer, 1976).

Photosynthesis is proportional to stomatal opening under various conditions and is therefore
sensitive to adjustments in water relations which have an influence on the stomatal function.
The decrease in photosynthesis accumulation during midday is partially due to the fact that
there is a shortage of water and this leads to the stomata being to some extent closed. Ashton
(1956) confirmed a significant decrease in photosynthesis in sugarcane when soil tensions were
near the permanent wilting point. Generally, plants that are exposed to limited water have a
decrease in photosynthetic activities (Schapendonk et al., 1989; Pezeshki, 2001; Blanco et al.,
2008). Li et al. (2003) have shown that plants receiving excessive amounts of water go into a
temporary photosynthesis reduction, but near the end of the investigation the photosynthetic
rate increased. Similarly, Schneider and Childers (1941) reported a 15% drop in photosynthesis

in apple leaves due to limited water conditions, a situation caused by low leaf water potentials.

Stomata conductance regulates the photosynthetic activities in the plant. For example, stomatal
closure is associated with reduction in photosynthesis through reduction of internal CO,
concentration in the foliage. In crops, water stress can reduce the photosynthetic rate indirectly
by stomata closing or directly by reducing the photosynthetic capacity of leaves by inhibiting the
Calvin cycle or the rate of electron transport above the chloroplast membranes (Kaiser, 1987).
Research by Bradford and Hsiao (1982); Ceccarelli (1984) have shown that larger resistance of
the stomata to CO, diffusion leads to a decrease in the CO, concentration within the foliage and
as a result lessened the rate of photosynthesis. As stated before, stomatal closure results to
decreases in CO, assimilation (Chaves, 1991) and furthermore in growth and yield. Studies
have suggested that when plants are exposed to mild limited water conditions the stoma plays a
primary function in directing the decrease of the net CO, uptake by leading to reduction in leaf
internal CO, concentrations (Kaiser, 1987; Cornic and Briantais 1991; Cornic 2000; Souza et al.
2003). However, CO, build-up controlled by stomatal closure encourages unevenness among
activity and electron necessity for photosynthesis (Krause 1988; Long et al. 1994). In cowpea,
crops exposed to drought stress experienced decreases in CO, assimilation rates by relying on
stomatal closure, hence reducing accessible internal CO, and limited the water loss via

transpiration.
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Flexas et al. (2007) recommended that limited water conditions can affect photosynthesis
directly or indirectly by reducing the CO, availability due to gas diffusion limitations and
alterations in photosynthetic metabolism (Lawlor and Cornic, 2002). To ascertain this, Silva et
al. (2010) indicated that after plants were exposed to limited water conditions, the CO,

assimilation rate was reduced drastically in comparison with the control treatments.

The intercellular CO, concentration (C;) is another important aspect which can affect the
photosynthesis processes. When there is a deficiency of water in plants, a low concentration of
CO., will be supplied for photosynthesis and as a result the intercellular CO, concentration (C))
will decrease (Farquhar and Sharkey, 1982). Smith and Osmond, (1987); Hubick et al., (1988);
Ehleringer et al., (1992); Donovan and Ehleringer, (1994) revealed that intercellular CO,
concentration (C;) decreased when plants were exposed to limited water conditions (Smith and
Osmond, 1987; Hubick et al., 1988; Donovan and Ehleringer, 1994).This difference between
gas exchange data and additional measures of intercellular CO, concentration (C;) is a result of
patchy stomatal closure when exposed to water stress (Brodribb, 1996; Lawlor, 2002; Flexas et
al., 2004). Limited water conditions in plants may perhaps enhance photorespiration and
deplete intercellular CO, due to stomatal closure restricting CO, concentration into intercellular
air spaces (Ben et al., 1987; Kaiser, 1987; Cannon and Roberts, 1994; Wingler et al., 1999;
Cornic and Fresneau, 2002; Noctor et al., 2002).

Water use efficiency refers to the yield per unit of water consumed (Hsiao and Acevedo, 1974).
Water use efficiency is a significant issue with regards to irrigation systems and water
management will definitely become even more essential in the future as water becomes scarcer
(Cetin and Uygon, 2008). Studies have proved that various irrigation regimes affect water use
efficiency in crops as plants supplied with less water had higher water use efficiency than those

with higher amounts (Cetin and Uygon, 2008).

Hence, it is vital to study the impact of water availability on photosynthetic parameters such as
photosynthetic rate (A), intercellular CO, concentration (C;), stomatal conductance (gs) and
water use efficiency in vegetables exposed to different water quantities under green house

conditions.
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1.4 EFFECTS OF VARIOUS QUANTITIES OF DRIP IRRIGATED WATER ON
CHLOROPHYLL FORMATION
The chlorophyll content in plants is highly sensitive to environmental stresses such as limited
moisture availability (Younis et al., 2000) which can significantly lower the chlorophyll content
(Guerfel et al., 2008). Lower water content in plant tissues affects the chlorophyll content by
reducing the photosynthetic electron - chain activity in plant chloroplasts and ultimately affecting
the photosynthetic content (Keck and Boyer, 1974). In plants, the chlorophyll is stored in the
chloroplast and during moisture stress periods molecular damages take place on chloroplasts
and hence, affect chlorophyll synthesis (Alberte et al., 1975; Thornber 1975). A study by Alberte
et al. (1975) revealed that chlorophyll synthesis was inhibited to a minimum of 50% when leaves

were exposed to mild water drought situations.

The reduction of chlorophyll in plants, when exposed to water stress, is due to its sensitivity to
water scarcity. Therefore, there is a need to study the influence of various water quantities on
the chlorophyll content in plants grown under intensively managed systems such as those found

in the glasshouse.

1.5 EFFECTS OF VARIOUS QUANTITIES OF DRIP IRRIGATED WATER ON NUTRIENT
UPTAKE

Nutrient availability (i.e. macro-and micronutrients) for plant growth and development in
hydroponics systems is very important for vegetable production. However, crop nutrient uptake
is affected by various quantities of water and transpiration rates. It was previously reported that
the higher the transpiration rate, the greater the nutrient uptake (Tanguilig et al., 1987). For
example, when a small amount of water is supplied to the crop, nutrient uptake by the roots is
reduced and so does their transport to the shoots. The reduced nutrient uptake has been
reported to be due to restriction in the transpiration rates leading to impaired active transport
and membrane permeability (Greenway and Klepper, 1969; Viets, 1972; Hsiao, 1973; O'Toole
and Baldia, 1982; Yamboa and O'Toole, 1984; Pinkerton and Simpson, 1986; Tanguilig et al.,
1987; Kramer and Boyer, 1995; Alam, 1999). Reduction in nutrient accessibility by roots is also
one of the crucial factors that restrict plant growth under limited water conditions (Hu et al.,
2006). For example, it was reported that when plant roots were exposed to limited water,

nutrient uptake was generally reduced (Viets, 1972; Pinkerton and Simpson, 1986). The
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reduced nutrient uptake was related to a reduced rate of diffusion of nutrients to the plant roots

due to low soil moisture (Viets, 1972; Pinkerton and Simpson, 1986).

Water stress has also been reported to decrease nutrient uptake and their transportation
process in plants (Wardlaw, 1967). Smika et al. (1965) studied the associations between water
accessibility and nitrogen (n) fertilizer, and reported that enhanced crop yield was achieved only
when fertilizer was dissolved in a sufficient amount of soil solution. Like nitrogen (n), the mobility
of potassium (k) also declines when the soil water content decreases under limited water
conditions. Studies done by Beringer and Trolldenier (1978) and Scherer (2001) showed that
when onion plants were exposed to low soil moisture conditions, crops wilted due to k,
magnesium (mg) and sulphur (s) deficiency. In a research project conducted by Huluka et al.
(1994) on cotton plants to test the effect of water stress on plant nutrition status, it was identified
that the n and protein content of leaves, stems and roots decreased in plants exposed to low

quantities of water, suggesting that low amounts of water affects a crops™ nutrient levels.

Water stress can cause damage to the plant as a result of impaired ion uptake. However, the
damage will depend on the severity of the water stress. Although decreasing of the water
potential does not lower the build-up of anions in the cells and xylem sap of the roots, it
decreases the sum of the ions that are transported to the shoots as a result of reduced water
flow (Greenway, 1967). For example, Erlandsson (1975) showed that a change in the water
potential of plants caused by water stress has an effect on the active ion uptake mechanism.
So, decreased uptake of plant mineral elements under limited water conditions is due to low

moisture and reduced transpiration flow (Marschner, 1995; Baligar et al., 2001).

The amount of water a plant receives has a direct effect on the amount of nutrients it will
contain. Water will therefore determine if a plant will have a lot of nutrients or not. This will be a
useful tool for growers to obtain the optimum amount of water required that will lead to optimum

nutrient absorption in plants for optimum crop production.

1.6 EFFECTS OF VARIOUS QUANTITIES OF DRIP IRRIGATED WATER ON PHENOLIC
COMPOUNDS

The word Flavonoid a phenolic compound, is a word that is universally used to describe a broad

collection of natural products of which the chemical strucuture consist of a carbon framework
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(Marais et al., 2006). Flavonoids are polyphenolic plant secondary metabolites which are
synthesized along the polypropanoid pathway with phenylalanine as its activation molecule.
Flavonoids have attracted a lot of attention because of its influence on green, red, blue and
purple pigmentation found in plants and its association with the health benefits of wine,
chocolate and commonly with diets rich in fruits and vegetables (Winkel, 2006). Benefits for
instance, the blue colour is indication of the presence of anthocyanins (delphinidin-based) in
petals. Various plant flavonoids play a role in defence against microbes, insects and mammalian
herbivory. A few of them namely; isoflavones, flavons and flavanones are acknowledged as
constitutive antifungal plant agents (Harborne and Williams, 2000; Ndakidemi and Dakora,
2003; Makoi and Ndakidemi, 2007; Makoi et al., 2010; Makoi and Ndakidemi, 2012). Flavonoids
are capable of modifying enzymatic and chemical reactions, which can have a positive or
negative impact on human health (Beecher, 2003). Flavonoids are commonly acknowledged for
their antioxidant activity. Antioxidants are compounds that guard cells against the harmful
effects of reactive oxygen species (Kuki¢ et al., 2006). Epidemiological research has identified
beneficial effects of dietary flavonoids in reducing chronic diseases such as cancer (Chung et
al., 2005; Ramos, 2007).

Anthocyanins also play a role in the autumn colours in humerous plant species and photo-
protection in leaf cells. Their capability of being a natural UV filter comes from their absorption of
light in the 280 - 315 nm regions. The production of these phenolic compounds in plants is
facilitated by stress conditions (Chalker-Scott, 1999; Ndakidemi, 2006). Mattivi et al. (2006);
Castellarin et al. (2007b) stated that limited water conditions increase anthocyanin accumulation
via the stimulation of anthocyanin hydroxylation, by up-regulating the gene encoding the
enzyme. Castellarin et al. (2007b) stated that early exposure to limited water conditions in grape
berries led to increased sugar accumulation, which hastens anthocyanin synthesis. Given the
induction of anthocyanins by osmotic stress, it is not astonishing to learn that plant tissues
containing anthocyanins are commonly resistant to limited water conditions. Decades ago,
anthocyanin accumulation in Populus shoots was linked with limited water conditions (Wettstein-
Westersheim, 1962). Drought tolerant plants which illustrates great tolerance to drought,
accumulates three to four times more anthocyanins throughout dehydration, compared with their
fully hydrated state (Sherwin and Farrant, 1998).

Even though the concentration of anthocyanins and other phenolic compounds have constantly

increased in reaction to limited water conditions, it is important to assess the effects of various
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quantities of drip irrigated water on the flavonoid and anthocyanin metabolism in Cucumis sativa
L. grown in hydroponic culture. The presence of phenolic compounds may affect the quality and
taste of cucumber fruits and can alter its digestibility, or even cause undesirable browning and
structural modifications which could adversely alter the functional properties of the proteins and

their behaviour.

1.7 EFFECTS OF VARIOUS QUANTITIES OF DRIP IRRIGATED WATER ON
VEGETATIVE GROWTH

Growth can be defined as an unalterable growth or increase of cells in size. Cell enlargement
cannot be maintained without simultaneous synthesis of membranes (Hsiao and Acevedo,
1974) which is the process involving complex reactions supported by water and other
metabolites. Water is essential for every plants™ growth, flower and fruit formation (Smittle et al.,
1994). The growth of any organism depends on the growth of its individual cells. Most of a cell’s
content consists of water and hence, for a cell to enlarge its volume it requires water (Hopkins
and Huner, 2004).

Water transport is an essential component of the growing process. It plays role in cell expansion
and is responsible for most of the increase in cell volume, characterizing growth (Hsiao, 1973;
Westgate and Boyer, 1985). Plant response to water shortage depends on the amount of water
lost, the speed of water loss from the plants and how long the plants are exposed to limited
water conditions. Cellular water deficit can result in a concentration of solutes, changes in cell
volume and membrane shape, disrupting membrane integrity and denaturation of protein and
finally hindering growth (Bray, 1997). Water stress can also limit meristematic cells from
expanding to the maximum size and hence lowering the general enlargement of the plant organ
(Hsiao, 1973). Therefore, for cell volume to increase to initiate growth, plants requires adequate

water uptake.

Water has an important role to play in the production of dry or fresh matter for the plant. The
end product of leaf photosynthesis is starch. Starch build up in leaves undergoes the following
process: 6 CO, + 12 H,0 — C¢H;,06 + 6 O, + 6 H,0. In the presence of carbon dioxide and
water, the starch builds up in leaves. The starch is the primary element of dry weight
accumulation in plants (Huber et al., 1984). When plants are exposed to limited quantities of

water, photosynthesis is hindered, and plant biomass can decrease (De Herralde et al., 1998).
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Plant growth is highly sensitive to limited water conditions. As soon as a limited water condition
develops, water potential in plant tissue is altered and drops. A decrease in water potential
reduces the growth of plants (Davies and Zhang, 1987, 1991; Zhang and Davies, 1989; Davies
et al., 1994). As water potential drops to zero, plant growth will come to an end (Green, 1968). It
is nevertheless known that alterations in turgor can directly influence changes in growth that
could lead to a number of changes through biological regulatory mechanisms. As soon as the
turgor pressure in plants has changed, it affects critical physiological processes. In numerous
instances any reduction in tissue pressure, lowered growth and led to a complete stop in growth

when the water potential was lessened (Boyer, 1968; Acevedo et al., 1971).

Various researchers have concluded that root growth is generally privileged compared with
shoot growth under limited water conditions. For example, El Nadi et al. (1969); Hoffman et. al.
(1971); Pearson (1966) reported increased root to shoot ratio in plants under limited water
conditions. The reason for roots outgrowing the shoots of the plant under limited water
conditions was due to their greater ability to adjust osmotically when the amounts of water
supplied are less (Green, 1968). Therefore, leaf growth is recognized to be very sensitive to
limited water conditions while root growth is much more resistant (Boyer, 1968; Westgate and
Boyer, 1985). The mechanism involved suggests that only when the roots own growth
requirement for water has been achieved; it will then supply water to the shoots (Westgate and
Boyer, 1985). Alvarez et al. (2009) showed that the root/shoot ratio of Dianthus plants exposed
to drought, was superior to those supplied with large amounts of water. In this study, a hormonal
signal was sent from the root to the shoot of the plant to close the stomata and slow down the

growth.

Guehl et al. (1994) revealed that when tree species were exposed to frequent watering
conditions, both the stem height and root collar diameter increased significantly in size. On the
other hand when trees were exposed to drought conditions the stem elongation and diameter
growth were reduced in size (Guehl et al., 1994). Research by Zeng et al. (2009) showed that
growth of Cucumis melo L. (stem diameter, number of leaves and plants height) increased when
plants were subjected to more water. In banana trees, researchers have learned that when
trees were exposed to drought there was a reduction in growth rate, stem girth, plant height,
stem circumference and leaf length (Robinson and Alberts, 1986). This was attributed to

reduced cell division and or cell expansion and hence, decreased plant physique. In other
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studies, exposing plants to drier regimes resulted in the production of smaller leaves, shorter
internodes sections, reduced flower numbers, size and quality (Cameron et al., 1999; Sanchez-
Blanco et al., 2002; Cabello et al., 2008). In tuber crops such as potatoes, a reduction in water
supply caused a decrease of yield by reducing growth of the crop canopy and biomass and thus
lowering the tuber yields (Yuan et al., 2003). In fruit crops, plants that received large amounts of
water produced larger fruits and plants that were treated to less water had small size fruits
(Begg and Turner, 1976; Mao et al., 2002; Kumar et al., 2007; Zeng, 2009).

1.8 CONCLUSION
In conclusion, growth plays a major role in crops as it affects yield. Therefore, understanding the
optimum quantities of water required by plants to achieve maximum growth in hydoponic

systems is essential.
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2.1 Justification

Cucumber (Cucumis sativa L.) is one of the most widespread vegetables grown hydroponically
in South Africa. It is commonly grown by large scale cucumber farmers in open fields where the
climatic conditions are suitable. However, it is much more beneficial to grow the crop in a
greenhouse under a control environment, as this will provide better quality yield of crop, higher
yield and crops can be grown throughout the entire year. The growers could also save on
expenses if they knew precisely what quantity of drip irrigated water is required to obtain high-
quality fruits and plant growth from the crop. There is currently limited information available on
the effect various quantities of fertigated water will have on cucumber crops grown under

hydroponic systems in South Africa.

Plants that are subjected to various quantities of drip fertigated water could react differently in
growth, photosynthesis, yield and manufacturing of plant metabolites consisting of phenolic
compounds such as flavonoids and anthocyanins in plant tissues, which are known to influence
produce quality. The proposed research will enable us to study the physiological and
biochemical effects various quantities of drip fertigated water will have on nutrient uptake,
photosynthesis, transpiration rate, chlorophyll content, flavonoid content, anthocyanin content,
growth and yield on Cucumis sativus L. in a controlled greenhouse in Elsenburg, Stellenbosch,
South Africa.

2.2 Hypothesis

Delivering various quantities of drip irrigated water to Cucumis sativa L. will have a different
effect on the following parameters: nutrient uptake, photosynthesis, transpiration rate,

chlorophyll content, flavonoid content, anthocyanin content, growth and yield.

2.3 Aim

This research was aimed at studying the physiological and biochemical effects of various
quantities of drip fertigated water on nutrient uptake, photosynthesis, transpiration rate,
chlorophyll content, flavonoid content, anthocyanin content, growth and yield on Cucumis

sativus L. under controlled greenhouse conditions in South Africa.
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2.4 Objectives of the research

2.4.1 Main Objectives
To investigate the effects of various quantities of drip irrigated water on the growth processes

and yield of Cucumis sativa L.

2.4.2 Specific Objectives

1) To assess the effects of various quantities of drip irrigated water on photosynthesis and
chlorophyll formation in Cucumis sativa L.

2) To assess the effects various quantities of drip irrigated water on the nutrient uptake of
Cucumis sativa L.

3) To assess the effects of various quantities of drip irrigated water on the flavonoid and
anthocyanin metabolism in Cucumis sativa L.

4) To assess the effects of various quantities of drip irrigated water on the growth and yield

of Cucumis sativa L.
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3.1 Abstract

Effects of various quantities of water were investigated on the photosynthesis and chlorophyll
content of cucumber plants that was grown hydroponically in a controlled greenhouse. The
treatments included 8 various water regimes (2l/h, 4l/h, 6l/h, 8l/h, 10l/h, 12l/h, 14l/h, and 16l/h.
The plants received water five times a day, making it 10, 20, 30, 40, 50, 60, 70 and 80 litres per
day. Results showed that generally the Photosynthesis (A), intercellular CO, concentration (C;),
stomatal conductance (gs) and the transpiration rate (e) of the cucumber plants were
significantly increased by increasing water quantities compared with lower water quantities.
Additionally, there were significant improvements in leaf colour at weeks 2, 3, 4, 5, 6, 7 and 8.
Overall, the foliage colour was improved as water supply was increased. The greener leaves
were documented in treatments supplied with higher water doses. Additionally, the chlorophyll
content of cucumber plants was increased significantly with varying water quantities. The

highest chlorophyll contents were found in plants treated with 16l/h.

Key words: intercellular CO, concentration, stomata conductance, transpiration rate.
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3.2 INTRODUCTION

Photosynthesis is a process by which in the presence of chlorophyll, the energy of the
photosynthetically active radiation (within the wavelength range 400 — 700 nm) is used to
separate geaseous carbon dioxide and liquid water and recombining them into gaseous oxygen
and a sugar named glucose (Petela, 2007). Photosynthetic rate (A), intercellular CO,
concentration (C;), stomatal conductance (gs), transpiration rate (e) and dry matter production of
plants are narrowly linked processes. These processes are closely supported by water
availability in plants. Photosynthesis is responsible for the accumulation of the majority of dry
mass in plants, and dry matter yield is decreased when plants are exposed to limited water

conditions (Boyer, 1976).

At limited water conditions, plants can decrease the photosynthetic rate indirectly by closing the
stomata or directly by decreasing the photosynthetic capacity of foliage by inhibiting the Calvin
cycle or the rate of electron transport above the chloroplast membranes (Kaiser, 1987). Studies
by Bradford and Hsiao (1982), Ceccarelli (1984) showed that the greater the resistance of the
stomata for CO,, diffusion, results in a reduction of CO, concentration inside the leaves and as a
whole reduces the rate of photosynthesis. Bodlaender et al. (1986) showed that limited water
conditions reduced leaf water potential in potato crops by decreasing the internal CO,

concentration and finally decreased the photosynthesis by 58%.

Photosynthesis is proportional to stomatal conductance (gs). Any changes in water relations will
manipulate stomatal functioning. For instance, reduced photosynthesis build up through midday
is due to limited amount of water which leads to the stomata being partially closed. The stomata
plays a pivotal role in guiding the reduction of the net CO, uptake through a mechanism
involving reduction of leaf internal CO, concentrations when crops are exposed to mild limited
water conditions (Cornic and Briantais, 1991; Cornic, 2000). Nevertheless, CO, accumulation
managed by stomata closure promotes irregularity among activity and electrons essential for
photosynthesis (Krause, 1988; Long et al., 1994). In cowpea crops exposed to limited water
conditions, the CO, assimilation rates were reduced due to stomata closure, and as result
decreased available internal CO, and limited water loss via transpiration. This indicates that

decrease in net CO, uptake is the end result of stomata closure.
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Several studies have shown that the reduction in chlorophyll (Chl) build up in plants is a result of
limited water conditions (Mondal and Paul, 1992; Begun and Paul, 1993; Moran et al., 1994,
Zayed and Zeid, 1997; Younis et al., 2000). Water stress may decrease the photosynthetic
electron-chain activity in plant chloroplasts and eventually the chlorophyll content in plants
(Keck and Boyer, 1974). The chlorophyll loss is an outcome of a reduction in the lamellar
content of chlorophyll a/b which is targeted particularly by limited water conditions (Alberte and
Thornber, 1977). Alberte and Thornber (1977) mentioned that the majority of Chl exposed to
limited water conditions is lost from the mesophyll cells. The reason for this loss is a result of the
mesophyll cells being farther detached from the vascular supply of water than the bundle sheath
cells, and consequently developing better cellular water deficiency which leads to greater loss in
Chl.

From the above background, this study was conducted to ascertain the impact of water
availability on photosynthetic parameters such as photosynthetic rate (A), intercellular CO,
concentration (C;), stomatal conductance (gs), transpiration rate (E) and chlorophyll
concentration in Cucumis sativa L. subject to different water quantities under controlled

greenhouse conditions.

3.3 MATERIALS AND METHODS

3.3.1 Site location and description

The research was conducted at the greenhouse of the Agronomy and Vegetables Department
of the Cape Institute for Agricultural Training in Elsenburg, South Africa during the 2009-winter
season and 2009-2010 summer season. The greenhouse had a fully automated fertigation
system. The cucumber plants were placed in 20l black bags consisting of sawdust as a growth
medium. The plants were irrigated via drip irrigation and plants were staked with polyethylene

twines.

3.3.2 Experimental design and treatments

The experiment was set out in a randomised complete block design. The treatments included 8

various water regimes. These different water regimes were 2I/h (control), 4l/h, 61/h, 8I/h, 10l/h,
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12l/h, 14l/h, 16l/h. The plants received water five times a day, making it 10, 20, 30, 40, 50, 60,
70, 80I per day.

Seeds of Cucumis sativa L. variety Alladin a new high yield cucumber variety in South Africa
was purchased from A. Ford & Co. (Pty) Ltd. (1 Hazelden drive Business Park Garden Pavillion,
Tel: 021 — 850 0011). These were germinated by Propagating Plants Company (Klein
Joostenburg farm, corner of R101 and R304, Tel. /Fax: 021 — 884 4513).

The trial was in a drain-to-waste system and was conducted over 3 months. There were 8
replicates and all the treatments received the same amount of nutrients. The electrical

conductivity of the nutrient solution was set at 1.65 mS.cm™(Combrink, 2005).

3.3.3 Photosynthesis and Chlorophyll measurements

Photosynthesis and other related measurements were taken at 1-8 weeks after planting. The
photosynthetic rate (A), intercellular CO, concentration (C;), stomatal conductance (gs) and
transpiration rate (E) were measured in young leaves (flag leaf) per treatment using a portable
infra-red gas analyzer (LCpro+ 1.0 ADC, Bioscientific Ltd., Hoddesdon, Hertfordshire, UK).
Measurements were done from 8 a.m to 11 a.m. Leaves were allowed to acclimatize to the light
environment in the chamber for 5 min. Under normal conditions, each measurement took
approximately 2 min, which was the minimum time allowed for the readings to stabilize before
they were recorded. During measurements, the conditions in the leaf chamber were:
photosynthetic photon flux density (PPFD) = 1100 pmol (quantum) m™2.s™, relative humidity =
44%, leaf vapor pressure deficit = 1.83 kPa, flow rate = 400 pymol.s™", reference CO, = 400 ppm,

and leaf temperature = 25°C.

Chlorophyll concentrations were extracted by dimethylsulphoxide (DMSO) (Hiscox and
Israelstam, 1979). One third of the plants™ foliage, starting at the tip, was collected and placed in
a bag. One hundred (100) mg containing the central section of fresh leaf pieces was positioned
in a 15mL vial consisting of 7mL DMSO and incubated at 4°C for 72 hours. After the incubation,
the extract was diluted to 10 mL with DMSO and 3 mL of extract was used to read the
absorbance at 645 nm and 663 nm on a spectrophotometer (UV/Visible Spectrophotometer,
Pharmacia LKB. Ultrospec Il E) against DMSO blank.
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Chlorophyll levels were calculated using the following equations used by Arnon (1949).
Chla= 12-7D663 - 2.69D645

Chl b = 22.9D645 - 4.68D663
Total Chl = 20.2D645 + 8.02D663

3.3.4 Statistical analysis
Statistical analysis was attained with the use of the 1-way analysis of variance (ANOVA) by
using the software program STATISTICA 2012 (Stat soft Inc Tulsa,Ok, USA).

3.4 RESULTS

At week 1 of the study, the A and the E of the cucumber plants were significantly (P<0.001)
increased by different water quantities compared with some other treatments (Table 1). Both

parameters were significantly higher starting at 10-161/h at week one.

At week 2, the E increased significantly in all other treatments compared with the control
treatment (Table 1). The best results were recorded in 141/h. At week 2, irregular significant

trends were reported for C; and gs.

At week 3 (Table 2), the E, C; and gs increased significantly (P<0.001). The E showed greater
increase at 10l/h in comparison with other treatments and the C; and gs displayed greater

increase at 12I/h relative to other water treatments.

In week 4 (Table 2), the E and C; increased significantly (P<0.001). The E increased as more
water was supplied in comparison with the control treatment. However, in week 4, the C;

increased between the 8I/h to 141/h water treatments

The A, E, C; and gs increased significantly (P<0.001) in week 5. The 16l/h treatment had the
best rate of A relative to the control and other treatments (Table 3). The C; and gs in week 5

peaked at treatments which received 10l/h.

At week 6, there were significant (P<0.001) increases in the A, E, C; and gs. However, irregular
trends were observed with increasing water quantities although in the A the greatest increase

was noted at 16l/h.
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At week 7 (Table 4), the A, E, C; and gs increased significantly (P<0.001) with different water
treatments. At the 16l/h treatment (Table 4) the A, E and gs displayed the greatest quantities in
comparison with other treatments. Contrarily, the C; displayed higher values at lower water

quantities.

At week 8 (Table 4), the A, E, C; and gs increased significantly (P<0.001) with changing water
quantities. However, the A displayed irregular patterns while E, C; and gs were increased at

treatments with water supply ranging between 8l/h to 14l/h.

The results of the foliage colour are shown in Table 5. There were significant improvements in
leaf colour at weeks 2, 3, 4, 5, 6, 7 and 8. Overall, the foliage colour was improved as water
supply was increased. In week 2, greener leaves were recorded in treatments supplied with
10l/h, whereas in week 3-8 foliage colour was highly improved in treatment supplied with 16l/h

in comparison with the control treatment.

The effect of water quantities on the chlorophyll content of cucumber plants is indicated in Table
6. Significant results were observed at weeks 2, 3, 7 and 8 (Table 6). The highest chlorophyll

contents were found in plants treated with 16l/h.

3.5 DISCUSSION

In this study, Cucumis sativa L. plants exposed to various water regimes showed positive
effects on photosynthesis in comparison with the control. Photosynthesis (A) transpiration (E),
intercellular CO, concentration (C;) and stomata conductance (gs) all increased with the
exposure to higher water quantities compared with the control treatment of 2I/h (Table 1-4). This
justifies that the more water the cucumber crop received the greater the increase in
photosynthesis, an important phenomenon for plant growth. The same results were reported by
Bodlaender et al., (1986); Schapendonk et al., (1989); Pezeshki, (1993); Blanco et al., (2008)
who revealed that when crops were exposed to limited water conditions there was a decline in

photosynthesis.

The C; also displayed increases at treatments higher than 2I/h (Table 1-4). This proves the
theory that if there is a decrease in water supply to crops the C; also declines (Bradford and
Hsiao, 1982; Ceccarelli, 1984; Bodlaender et al., 1986; Kaiser, 1987). This decline in C; was
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due to stomatal closure leading to reduced CO, concentration within the leaves and ultimately
resulting in a reduced rate of photosynthesis (Bradford and Hsiao, 1982, Ceccarelli, 1984,
Kaiser, 1987).

Results shown in Tables 1-4 indicated that the gs was enhanced at higher water levels supplied
to the plants. At limited water conditions, the stomata opening is greatly reduced, which will then
influence other photosynthetic parameters. Similar to this study, Leopald (1964); Cornic and

Briantais (1991) reported reduced stomata functioning with limited water supply.

Crops that were exposed to high water regimes contained more foliage green colour in
comparison with the control treatment. Foliage green colour is one indication of the chlorophyll
content in crops. At weeks 3, 6, 7 and 8 (Table 5) foliage green colour content was highest at
16l/h relative to the control treatment (2I/h). The same trend was recorded with regard to
chlorophyll content in plants (Table 6). In other similar studies by Alberte and Thornber (1977);
Pierce and Raschke (1980); Massacci and Jones (1989); Mondal and Paul (1992); Begun and
Paul (1993), it was confirmed that plants that received less water had lower chlorophyll contents
in their leaves. The lower water levels in plant tissues negatively impacts the photosynthetic
electron-chain activity, thus reducing the chlorophyll content in chloroplasts and ultimately

affecting the photosynthesis products (Keck and Boyer, 1974).

3.6 CONCLUSION

In conclusion, increasing the water supply resulted into positive improvements of photosynthesis
rate, stomata conductance, intercellular CO, concentration, transpiration rate and chlorophyll
content in leaves of Cucumis sativa L. However, in some cases, at very higher levels of water
supply, some of the photosynthetic apparatus were negatively affected. Therefore, it is

important to establish the optimum levels of water supply for Cucumis sativa L. establishment.
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Table 3.1: Effect of different water quantities on photosynthesis and gas-exchange parameters of leaves of Cucumus sativa L. as

measured from Week 1 to Week 8 during 2010.

WEEK 1 WEEK 2

Treatment A E Ci Gs A E Ci Gs

pmol CO,.m” 2 -1 mmol CO,.mol~ mmol pmol 2 4 mmol CO,.mol™" mmol H,O.m™
L.h" 2g7 mmol.m=.s" 1 . H,O.m?2.s™ CO,.m%2s™ mmol.m=.s™ . 27
2 10.20+1.06ab 1.24+0.12d 227.70+£10.82a 0.15+0.02a 3.65+0.36a 0.92+0.12c  243.20#14.98bc 0.06+0.01ab
4 9.00+0.76bc 1.88+0.14bc 207.20£8.29a  0.15x0.01a 2.92+0.28a 1.38+0.11ab 281.60+6.48a 0.07+0.01a
6 6.35+1.17d 1.87+0.12bc 242.10£16.92a 0.11%£0.01a 3.60+0.25a 1.15+0.11bc 213.50+14.62c  0.05+0.01b
8 7.40+1.31cd 1.65+0.17¢  222.20+£16.38a 0.17+0.04a 2.911+0.17a 1.26+x0.17b  242.60+10.47bc 0.05+0.01b
10 11.76+0.23a  2.19+0.02ab 185.80+4.44a 0.16x0.01a 3.40+0.41a 1.42+0.11ab 251.10#8.66ab  0.06+0.00ab
12 10.42+0.86ab 1.81+0.10c  221.20+9.11a  0.19+0.02a 2.63+0.40a 1.38+0.08ab 281.70+11.89a 0.06+0.01ab
14 11.11+0.57ab 2.49+0.08a 213.50+6.77a  0.20+0.01a 3.89+0.34a 1.65+0.06a 270.20+11.55ab 0.07+0.00a
16 11.19+0.32ab 2.20+0.09a 226.20+£12.30a 0.18+0.02a 3.40+0.34a 1.32+0.07b  271.10#9.11ab  0.07+0.00a
One - Way ANOVA (F-Statistic)
Rep 5.001*** 11.282*** 2.135ns 2.1195ns 1.7459ns 3.768*** 4.374%%= 2.4040***

Values (Mean £ SE, n = 10) followed by dissimilar letters in a column are significantly different at ***: P<0.001, ns: non-significant
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Table 3.2: Effect of different water quantities on photosynthesis and gas-exchange parameters of leaves of Cucumus sativa L. as
measured from Week 1 to Week 8 during 2010.

WEEK 3 WEEK 4

Treatment A E Ci Gs A E Ci Gs

pmol 2 4 mmol CO,.mol™" mmol pmol 2 4 mmol CO,.mol™"  mmol
L.h" CO,.m2s" mmol.m=.s™ i H,0.m?.s™ CO,.m2s" mmol.m™.s air H,0.m?2.s™
2 3.96+0.34a 0.90+0.06cd 236.10+11.94cd 0.07+0.01cd 3.97+0.28a 0.76+0.10cd 187.00+£9.92d 0.12+0.08a
4 5.00+0.61a 1.22+0.09b 253.00+7.67bc  0.09+0.01b 3.40+0.36a 1.1740.14a 220.90+19.29bcd 0.06+0.01a
6 4.20+0.61a 1.16+0.10b 234.20+9.81cd 0.06+0.01d 3.16£0.43a 0.96+0.13ab 204.50+15.38cd 0.03+0.01a
8 3.57+0.32a 1.09+0.07bc  250.20+6.90bc 0.06+0.01cd 2.91+0.24a 0.92+0.09abc 253.80+11.64ab 0.05+0.01a
10 4.87+0.32a 1.43+0.09a 220.40+6.32d 0.07+0.01cd 2.68+0.28a 0.98+0.09ab 266.60+5.81a 0.05+0.01a
12 3.42+0.58a 1.14+0.04b 316.00+8.90a 0.13%#0.0l1la 2.94+0.31a 0.66+0.06d 252.40+5.33ab 0.05+0.01a
14 4.86+0.71a 1.16+0.06b 274.10+6.67b 0.08+0.01bc 2.91+0.41a 1.03+0.06ab 277.30+12.62a 0.07+0.01a
16 4.13+0.42a 0.86+0.06d 249.00+10.51c 0.06+0.01d 3.16+0.32a 0.75%+0.07cd 222.60+11.74bc 0.05+0.01a
One - Way ANOVA (F-Statistic)
Rep 1.41ns 5.81*** 11.31*** 7.83*** 1.41ns 2.96%** 6.68*** 0.92ns

Values (Mean + SE, n = 10) followed by dissimilar letters in a column are significantly different at ***: P<0.001, ns: non-significant
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Table 3.3: Effect of different water quantities on photosynthesis and gas-exchange parameters of leaves of Cucumus sativa L. as
measured from Week 1 to Week 8 during 2010.

WEEK 5 WEEK 6

Treatment A E Ci Gs A E Ci Gs

pgmol CO,.m’ 2 1 mmol CO,.mol  mmol pmol 2 mmol CO,.mol~ mmol
L.h* 2g™" mmol.m=.s" 1 i H,O0.m?2.s™ CO,.m%2s™ mmol.m™.s T air H,0.m?2.s™
2 3.17+0.30e 0.73+0.05d 256.20+8.42bc 0.05+0.00d 4.06£0.22ab  1.01+0.08ab  262.40+10.53b  0.10+0.02a
4 3.46+0.23de 1.31+0.10ab 277.70+14.97b 0.08+0.02c 2.41+0.37c 1.17+0.09a  301.80+10.76a 0.08+0.0l1ab
6 3.47+0.23cde 1.23+0.07ab 232.60+9.10c  0.05+0.00d 3.52+0.48ab 1.08+0.09ab  250.10+12.14b  0.06%0.01b
8 4.01+0.26bcd 1.29+0.12ab 265.00+12.43b 0.06+0.01d 3.41+0.31b  1.13+0.08ab  262.80+5.54b  0.06%0.01b
10 4.20+0.18ab  1.33+0.03a  323.50+7.10a 0.17+0.0la 3.59+0.41ab  0.75+0.11c 252.60+8.53b  0.06+0.01b
12 4.12+0.24abc 1.15+0.05ab 318.20+4.11a 0.13+0.01b 4.00+0.41ab 0.97+0.09abc  255.10+7.34b  0.08+0.0lab
14 4.18+0.23ab  1.12+0.05bc  306.00+6.54a 0.13+0.01b 3.49+0.15ab 0.91+0.06bc  245.50+9.59b  0.06+0.00b
16 4.67+0.19a 0.92+0.04cd 279.70+6.62b 0.12+0.01b 4.41+0.26a 1.04+0.05ab  256.20+7.02b  0.07+0.01b
One - Way ANOVA (F-Statistic)
Rep 4.58*** 9.25%** 11.70%** 28.10*** 3.07*** 2.56%** 3.66*** 2.19%**

Values (Mean £ SE, n = 10) followed by dissimilar letters in a column are significantly different at ***: P<0.001
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Table 3.4: Effect of different water quantities on photosynthesis and gas-exchange parameters of leaves of Cucumus sativa L. as
measured from Week 1 to Week 8 during 2010.

WEEK 7 WEEK 8

Treatment A E Ci Gs A E Ci Gs

pumol 2 1 mmol CO,.mol™"  mmol H,O.m" pmol CO,.m’ 2 -1 mmol CO,.mol~ mmol
L.h" CO,.m2s" mmol.m™.s air 2g7 2g™" mmol.m=.s" 1 .. H,O.m?2.s™
2 4.18+0.42b  1.14+0.03de  284.80+7.60ab 0.10+0.01c 451+0.40ab 1.00+0.07cd 270.60+7.28¢c 0.10+0.01bc
4 2.72+0.39c 1.03+0.10e 290.10+24.19a 0.06+0.01d 3.93+0.38bc  1.29+0.07ab 273.20+9.95bc 0.09+0.01cd
6 3.77+0.35b  1.15%+0.08de 237.90+8.54c¢ 0.06+0.01d 4.20+0.38abc 1.15+0.08bc  243.90+4.72d 0.07+0.01d
8 3.23+0.39bc 1.27+0.12bcd 252.00+12.68bc  0.06%0.01d 2.95+0.16d 1.39+0.07a 292.20+7.92ab 0.08+0.01cd
10 4.12+0.48b 1.19+0.07cde  288.50+5.00a 0.12+0.0labc 4.79+0.35ab 1.23+0.03ab  298.10+4.98a  0.15+0.01a
12 1.13+0.01d 1.42+0.08abc 247.50+10.94c  0.13+0.0l1ab 3.43+0.34cd  0.94+0.04d 306.80+5.90a 0.12+0.01b
14 5.78+0.29a  1.43+0.06ab 247.50+4.64c¢ 0.11+0.01bc 4,59+0.33ab 1.13+0.05bc  301.20%#4.39a  0.15+0.0l1a
16 6.73+0.18a 1.61+0.08a 250.50+8.13c 0.14+0.01a 5.03+0.34a 1.17+0.04b 298.80+8.31a  0.18+0.01a
One - Way ANOVA (F-Statistic)
Rep 25.68*** B.70%** 3.34%** 13.53*** 4.,32%** 6.26%** 9.46*** 19.04***

Values (Mean £ SE, n = 10) followed by dissimilar letters in a column are significantly different at ***: P<0.001
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Table 3.5: Effect of different water quantities on foliage colour of Cucumus sativa L. as measured from Week 1 to Week 8 during

2010.

WEEKS
Treatment 1 2 3 4 S 6 7 8
Foilage Colour (scale from 1-5)

L.h"
2 3.75£0.10a  3.75#0.10bc  3.15+0.15d  3.45+0.14bc  3.40+0.17bc 3.05+0.15d 3.00+0.10d 3.50+0.11c
4 3.8510.08a 3.25+0.12d  3.30+0.18cd 3.30+0.16¢c 3.30+0.15¢ 3.05+0.17d 3.60+0.18c 3.90+0.07b
6 4.00+0.00a 3.75+0.10bc  3.80+0.14ab  4.00+0.10a  3.75+0.20abc 3.65+0.17bc  3.95+0.18bc 3.90+0.07b
8 3.9040.07a  3.55+0.15cd  3.65+0.20bc  3.75+0.18ab  3.85+0.18ab  3.25+0.18cd 4.25+0.16b 3.85+0.08b
10 3.80£0.09a 4.10+0.10a  3.60+0.13bc  3.65+0.15abc 3.75+0.18abc 4.05+0.15ab 4.70+0.13a 4.20+0.12a
12 3.8540.08a 3.70+0.11bc  3.85+0.13ab  3.70+0.13ab  3.85+0.18ab 4.154+0.17a 4.85+0.08a 3.75+0.12bc
14 3.85+0.08a 3.95+0.09ab  4.10+0.12a 3.85+0.13a 4.15+0.17a  3.95+0.14ab 4.80+0.09a 4.35+0.11a
16 3.9540.09a 3.85+0.08abc  4.10+0.14a 3.90+0.14a 4.00+0.19a 4.204+0.14a 4.851+0.11a 4.45+0.14a
One - Way ANOVA (F-Statistic)
Rep 1.00ns 5.64*** 5.17*** 2.66* 2.56* 9.62*** 25.59** 9.29%**

Values (Mean + SE, n = 10) followed by dissimilar letters in a column are significantly different at *: P<0.1; **: P<0.01; ***: P<0,001;

ns: non-significant.
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Table 3.6: Effect of different water quantities on chlorophyll of Cucumus sativa L. as measured from Week 1 to Week 8 during 2010.

Treatment

L.h"
2

4

6

8
10
12
14
16

WEEKS
1 2 3 4 5 6 7 8
Chlorophyll
46.1241.54a 47.37+2.22d  50.41+0.81b 49.59+0.85a 50.81+1.42a 52.21+1.59a 54.02+1.87bcd 52.63+1.40c
50.48+1.56a 51.37+2.48cd 50.98+0.78b  48.56+0.88a 50.80+1.79a 53.77+1.89a  51.71+1.71d 63.88+3.38a
51.81+2.84a 51.54+1.79bcd 51.30+0.96b 49.83+1.04a 51.8840.90a 54.63+0.94a 52.73t+1.46cd 60.50+1.87ab
51.46+1.73a 51.99+0.73bc  50.06+0.64b  49.35+0.74a 52.66+1.14a 55.75+1.71a 56.73x1.77abc 61.19+2.32ab
52.26+0.75a 56.65+1.39a  55.33+0.82a 51.78+1.30a 53.35%1.27a 52.94+1.62a 56.97+1.05ab  63.32+2.60a
53.05t1.14a 55.12+1.09abc 51.81+1.05b 48.70+1.48a 51.93+1.32a 57.54+2.02a 56.45+1.28abc 60.78+1.69ab
52.77+1.05a 57.10+1.41a  56.56+1.05a 53.40+1.57a 54.44+1.13a 57.87+1.59a  58.20+1.30a 55.54+1.72bc
50.56+1.22a 55.99+0.92ab  54.82+1.40a 50.98+1.71a  53.15+0.78a 56.35+1.58a  60.14+0.92a  63.90+1.48a
One - Way ANOVA (F-Statistic)
1.92ns 4.39*** 6.82%** 1.79ns 1.02ns 1.62ns 3.81** 3.62**

Rep

Values (Mean * SE, n = 10) followed by dissimilar letters in a column are significantly different at **: P<0.01; ***: P<0, ns: non-
significant .
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41 Abstract

The effects of various quantities of water were assessed on their potential to influence the
nutrient uptake of cucumber plants grown hydroponically in the greenhouse. The treatments
included supplying 8 different water quantities 2I/h, 4l/h, 6l/h, 8I/h, 10I/h, 12I/h, 14l/h, 161/h. The
plants received water five times a day, making it 10, 20, 30, 40, 50, 60, 70, and 80 litres per day.
Results from this study showed that fresh and dry weights of roots, leaves and stems were
significantly (P<0.001) influenced by different water quantities supplied to Cucumis sativa L. The
largest quantity of fresh roots was recorded in the control treatment (2I/h) in comparison with all
other treatments. However, the best growth with regard to fresh and dry weights of leaves and
stems were recorded by supplying the water quantities ranging from 10-16l/h. Altering the water
supply, significantly (P<0.001) affected the uptake of nitrogen, phosphorous, potassium,
calcium, sodium, copper, zinc, aluminium and iron in roots of Cucumis sativa L. Irregular results
were recorded in the uptake of these nutrients in the roots. However, leaf uptake of N, P, K, Ca,
Mg, S, Cu, Zn, manganese, boron, and aluminium varied significantly (P<0.001) in the different
water treatments. The best result for each was observed in treatments involving 16l/h. In stems
of cucumber, water quantities significantly (P<0.001) affected the uptake of N, P, K, Ca, Mg, Cu,
S, Cu, Zn, Mn, B. The highest uptake of N, P, Ca, Mg and S were found at the maximum supply
of water (161/h) compared with the control (2I/h). Na uptake showed irregular patterns, whereas
K uptake and Zn peaked at 14l/h.

Key waords: nitrogen, phosphorous, potassium, nutrient uptake.
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4.2 INTRODUCTION

Nutrient uptake originating from the growth medium involves numerous processes such as: ionic
equilibrium between growth medium and solution, transport of nutrients to roots, and the
absorption of nutrients by roots. All these processes are influenced by the amount of water
supplied to plants which may ultimately limit nutrient uptake by plants. Nutrients™ accessibility for
plant development and growth in hydroponics systems is imperative particularly for all year
round vegetable production. In controlled hydroponic systems, nutrient availability is one of the
fundamental growth factors that may be influenced by the amount of water supplied to the

plants.

Water stress influences the uptake of mineral elements in plant tissues by affecting root
development and nutrient movement in the growth medium and ultimately the nutrient uptake in
plant tissues (Fageria et al., 2002, Samarah et al., 2004). The most significant end-product of
water deficits is observed on the mobility of nutrients to the root and on root enlargement and
expansion. The decrease in nutrient element absorption is a result of an interference with
nutrient uptake and unloading mechanisms and reduction in transpiration flow (Marschner,
1995; Baligar et al., 2001). Tanguilig et al. (1987) reported that the greater the transpiration rate,
the higher the nutrient uptake. This is clearly identified when little quantities of water is provided
to the crop. At less supply of water, nutrient uptake by the roots is then decreased and so does
their movement to the shoots (Richards and Wadleigh, 1952; Menzel et al., 1986; Fageria et al.,
2002; Samarah et al., 2004). This decreased nutrient uptake is a result of limitation in the
transpiration rates which lead to impaired active transport and membrane permeability
(Greenway et al., 1969; Viets, 1972; Hsiao, 1973; O 'Toole and Baldia, 1982; Yamboa and
O Toole, 1984; Tanguilig et al., 1987; Pinkerton and Simpson, 1986; Kramer and Boyer, 1995;
Alam, 1999).

Water stress can cause harm to the crop due to impaired ion uptake. The damage will however
depend on how severe the water stress is. A decrease in water potential reduces the total
amount of ions that are transported to the shoots due to a decrease in water flow (Greenway,
1967; Erlandsson, 1975). Therefore plants exposed to limited water conditions will reduce the
uptake of plant mineral elements as a result of low moisture and reduced transpiration flow
(Marschner, 1995).
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The quantity of water that plants receive has a significant influence on the amount of nutrients it
will contain. Identifying the optimum amount of water, to obtain the optimum nutrient
concentration in crops is useful, as this will have a significant effect on the final yield. This study
was aimed at quantifying the effects of supplying different quantities of water, on macronutrients
(Phosphorous, Potassium, Calcium, Magnesium, and Sodium) and micronutrients (Copper,

Zinc, Manganese, Iron, Aluminium, Boron) uptake in Cucumis sativa L.

4.3 MATERIALS AND METHODS

4.3.1 Site location and description

The research was conducted at the greenhouse of the Agronomy and Vegetables Department
of the Cape Institute for Agricultural Training in Elsenburg, South Africa during the 2009-winter
season and 2009-2010 summer season. The greenhouse had a fully automated fertigation
system. The cucumber plants were placed in 20L black bags consisting of sawdust as a growth
medium. The plants were irrigated via drip irrigation and plants were staked with polyethylene

twines.

4.3.2 Experimental design and treatments

The experiment was set out in a randomised complete block design. The treatments included 8
various water regimes. These different water regimes were 2I/h (control), 4l/h, 61/h, 8I/h, 10l/h,
121/h, 141/h, 16l/h. The plants received water five times a day, making it 10, 20, 30, 40, 50, 60,
70, 80l per day.

The crop Cucumis sativa L. variety Alladin was purchased from A. Ford & Co. (Pty) Ltd. (1
Hazelden drive Business Park Garden Pavillion, Tel: 021 — 850 0011) and the seeds were
germinated by Propagating Plants Company (Klein Joostenburg farm, corner of R101 and
R304, Tel. /Fax: 021 — 884 4513). This was a new high yield cucumber variety in South Africa.

The trial was in a drain-to- waste system and was conducted over 3 months. There were 8
replicates and all the treatments received the same amount of nutrients. The electrical

conductivity of the nutrient solution was set at 1.65 mS cm™(Combrink, 2005).
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4.3.3 Plant harvest and sample preparation

After 91 days each plant for each treatment was harvested. The stems, leaves, roots and fruits
were cut up for each treatment and placed in separate brown bags. The fresh weights were then
determined for each bag by using a small scale. Samples were then dried in an oven at 65°C for
72 hrs, weighed, ground into a fine powder (0.85 mm) and stored prior to the bioassay for

nutrient uptake and accumulation in plant tissues.

4.3.4 Measurement of nutrients in plant tissue

Measurements of P, K, Ca, Mg, Na, Fe, Cu, Zn, Mn, B and Al were determined by ashing 1 g of
ground sample in a porcelain crucible at 500°C overnight. This was followed by dissolving the
ash in 5 mL of 6 moles of HCI| and placing it in an oven at 50°C for 30 min and 35 mL of
deionised water was added. The mixture was filtered through Whatman no. 1 filter paper.
Nutrient concentration in plant extracts was determined using the ICP (Giron, 1973). Sulphur (S)
was determined by wet digestion procedure using 65% nitric acid. In each case, 1 g of milled
plant material was digested overnight with 20 mL of 65% nitric acid in a 250 mL glass beaker.
The beaker containing the extract was then placed on a sand bath and gently boiled until
approximately 1 mL of the extract was left. After that, 10 mL of 4 mol. of nitric acid was added
and boiled for 10 min. The beaker was removed from the sand bath, cooled and the extract
washed completely in a 100 mL volumetric flask and filtered through Whatman no. 2 filter paper.
Sulphur in the sample was then determined (FSSA 1974) by direct aspiration on the calibrated

simultaneous ICP. Total N was determined by the micro-Kjeldahl method (Bremner, 1965).

Nutrient uptake (mg.plant™) was then calculated as the product of nutrient concentration (mg.g™,

data not shown) and the weight of the plant part dry matter (g.plant™).

Nuptake (mg plant_l) = ONCOHC- (mgg N DM )X Odrymass (g plant_l)

Where: N,ake = Microelement uptake, ONgonc = Organ nutrient concentration, Ogpy mass = Organ

dry mass.

4.3.5 Statistical analysis
Statistical analysis was attained with the use of the 1 - way analysis of variance (ANOVA) by
using the software program STATISTICA. 2012 (Stat soft Inc Tulsa,Ok, USA).
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4.4 RESULTS

In Table 7, both fresh and dry weights of roots, leaves and stems were significantly (P<0.001)
influenced by different water quantities supplied to Cucumis sativa L. The largest quantity of
fresh roots was recorded in the control treatment with the lowest amount of water (2I/h control)
in comparison with all the other treatments. With dry roots, the best results were obtained by
supplying plants with 6l/h and 8I/h of water compared with the other treatments (Table 7).
However, the best growth with regard to fresh and dry weights of leaves and stems, were

recorded by supplying the water quantities ranging from 10-16l/h (Table 7).

Altering the water supply significantly (P<0.001) affected the uptake of N, P, K, Ca, and Na in
roots of Cucumis sativa L. (Table 8). Irregular results were recorded in the uptake of N, P and
K, Ca and Na (Table 8). The effect of varying different quantities of water on the root uptake of
micronutrients is shown in Table 9. Root uptake of Cu, Zn, Al and Fe were significantly
(P=<0.001) influenced by the different water quantities. Uneven results were recorded in the
uptake of Cu, Zn, Al and Fe in the roots (Table 9).

The leaf uptake of N, P, K, Ca, Mg and S in Cucumis sativa L. was significantly (P<0.001)
different in response to the various water treatments (Table 10). The uptake of these
macronutrients displayed higher values with increasing water supply. The best results for each

were observed in treatments involving 16l/h (Table 10).

Cu, Zn, Mn, B, Al were all noted to have significantly (P<0.001) increased (Table 11) within the
leaves of Cucumis sativa with different water quantities. Al uptake was irregular, whereas

greater quantities of Cu, Zn, Mn and B were found in the treatment supplied with 16l/h of water.

In stems of the cucumber crop, varying water quantities significantly (P<0.001) affected the
uptake of N, P, K, Ca, Mg, Na and S (Table 12). The highest uptake of N, P, Ca, Mg and S were
found at the maximum (16l/h) supply of water compared with the control (2I/h) and other
treatments (Table 12). Na uptake showed irregular patterns, whereas K uptake peaked at 14l/h.
The uptake of micronutrients (Cu, Zn, Mn, B) were significantly (P<0.001) affected by the
different water treatments. Increasing the water supply to 16l/h significantly elevated the shoot

uptake of Cu, Mn and B. The uptake of Zn peaked at 14I/h of water supply.



CHAPTER FOUR SUBMITTED TO: JOURNAL OF SOIL SCIENCE AND ENVIRONMENTAL 4-8
MANAGEMENT

4.5 DISCUSSION

In this study, Cucumis sativa L. plants exposed to different water regimes (2, 4, 6, 8, 10, 12, 14
and 16l/h) displayed significantly different effects on nutrient uptake (Table 8-13) in the fresh
and dry weights (Table 7) of the different tissues when compared with the control treatment
(21/h).

It is well established that water supply is important in promoting growth and development of
plants (Yuan et al., 2003; Sezen et al., 2005). In the roots, the plants that were exposed to the
least amount of water 2I/h had the highest root mass and hence the uptake of nutrients. This
was due to the fact that plants exposed to little amount of water manipulated a mechanism
which promoted extensive root growth to seek out for more nutrients and water. Similar to our
study, Pearson (1966); El Nadi et al. (1969); Hoffman et al. (1971) also reported improved root
growth in water limited situations. Roots from crops which received more water had to invest
little to promote root growth as water and nutrients were readily available for crop uptake
(Green, 1968).

In this study, increasing water quantities had a positive influence on the nutrient uptake in the
cucumber leaves and stems. The amount of water supplied to plants has been reported to be
one of the major factors which influence nutrient uptake and their accumulation in plant tissues
(Fageria et al., 2002; Samarah et al., 2004). The leaf and stem uptake of most macro and
micronutrients (Table 10-13) were significantly enhanced by exposing plants to higher doses of
water 161/h in comparison with the control (2I/h). At low water supply, plants invested heavily in
developing root structures and as a result decreased nutrient movement to the shoots. In
related studies, research evidence suggests that the decreased nutrient uptake in treatments
receiving reduced amounts of water and, is associated with limited transpiration rates which
lead to impaired active transport of different ions in plant tissues (Richards and Wadleigh, 1952;
Menzel et al., 1986; Fageria et al., 2002, Samarah et al., 2004). At a higher supply of water, the
transpiration rate is enhanced, nutrient removal from the solution by the roots is increased and
their movement to the shoots facilitated (Richards and Wadleigh, 1952; Menzel et al., 1986;
Fageria et al., 2002; Samarah et al., 2004). In this study, an increased nutrient uptake of macro

and micronutrients in leaves and stem tissue of cucumber plants, exposed to higher water
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quantities, was a result of higher moisture availability and improved transpiration (data not

shown here).

4.6 CONCLUSION

In conclusion, increasing the supply of water resulted in altered growth of roots, leaves and
stems of Cucumis sativa L. Furthermore, increasing water quantities significantly increased the
uptake of macro and micro-nutrients in leaves and stem tissues of Cucumis sativa L. Therefore,
it is important to establish the optimum levels of water supply to Cucumis sativa L. in attaining

maximum growth and nutrient accumulation in the hydroponic systems.
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Table 4.1: Effect of different water quantities on fresh and dry weights of Cucumus sativa L. as measured in grams during 2010
Treatment Fresh Roots Fresh Leaves Fresh Stem Fresh Fruit Dry Roots Dry Leaves Dry Stem Dry Fruit
L.h"
2 131.25+8.76a  158.49+22.96d  360.60+20.86d 22.85+3.24a  20.17+0.35b 32.53+2.97cd 45.90+1.70c 12.11+£0.96a
4 118.83+4.38ab  153.91+10.57d 423.90+20.74bc  16.27+2.39a  21.11+0.88b  29.52+1.52d  49.30+2.29c 10.07+1.32a
6 119.45+£5.08ab 193.56+20.27cd 405.04%£16.73c  24.69+2.07a 23.63%£0.79a 35.49+1.95cd 47.53%1.27c 14.43+0.36a
8 113.36+£7.70bc  152.64+15.19d 397.75+12.88cd 18.43+9.87a  23.23+0.81a 35.77+1.57cd 50.24+2.30bc  7.44+1.49a
10 98.85+4.24cd 201.71+20.92cd 454.74+15.08ab 24.52+6.32a  19.51+0.44b  39.04+2.55c 54.80+3.21ab  10.95+1.67a
12 100.44+3.68cd 242.44+27.05bc 450.50+7.30ab  12.62+3.02a 21.01+0.24b  48.33+3.83b 55.14+0.76ab  8.95+1.77a
14 85.99+4.93d 268.12+31.16ab 484.27+10.38a 9.65+3.51a 19.82+0.45b 53.27+4.25ab  57.24+1.20a 14.9619.78a
16 65.39+6.83e 313.18+22.99a  485.19+7.91a 10.95+2.79a  20.93+0.26b  58.97+3.16a 59.33tl.4la 8.05+1.56a
One - Way ANOVA (F-Statistic)
Rep 12.67*** 7.09%** 8.74*** 1.59ns 6.73*** 13.55*** 6.40%** 0.58ns

Values (Mean + SE, n = 10) followed by dissimilar letters in a column are significantly different at ***: P<0.001, ns: non-significant
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Table 4.2: Effect of different water quantities on Macro-nutrient uptake(mg.plant™) of Cucumus sativa L. roots as measured during

2010.
Nitrogen Phosphorous Potassium Calcium Magnesium Sodium Sulphur

Treatment (N) (P) (K) (Ca) (Mg) (Na) (S)
L.h"
2 9.09+0.23a 4.77+0.45a 18.91+1.72a 4.59+0.24a 1.44+0.08a 159.95+10.39a 0.95+0.08a
4 6.39+0.65b 2.99+0.25¢c 15.53+2.77abc  3.34+0.23bc 0.84+0.08c 69.88+12.81cd 0.9410.17a
6 6.47+0.51b 2.92+0.37c 11.09+1.30d 3.60+0.24bc 1.08+0.08b 74.31+9.49cd 0.65+0.05a
8 6.37+0.64b 3.22+0.34c 11.26+1.73d 3.89+0.38b 1.13+0.09b 91.28+15.36bc 0.72+0.08a
10 7.10+0.42b 3.63+0.32bc 12.23+0.72cd 3.00+0.16¢ 1.13+0.06b 78.99+10.86bcd 0.70+0.04a
12 10.44+0.28a  4.50+0.17ab  14.50+0.52bcd  3.65+0.13b 1.24+0.04b 66.12+7.02cd 0.83+0.04a
14 9.49+0.46a 4.26+0.25ab  13.91+0.94bcd  3.46+0.17bc 1.06+0.06b 52.68+2.76d 0.8040.04a
16 9.73+0.49a 4.70+0.34a 16.99+1.07ab 3.82+0.17b 1.24+0.06b 106.49+10.41b 0.87+0.05a

One - Way ANOVA (F-Statistic)

Rep 12.73*** 5.79*** 3.41%+* 4.19%* 6.21*** 10.17%** 1.923ns

Values (Mean = SE, n = 10) followed by dissimilar letters in a column are significantly different at ***: P<0.001, ns: non-significant
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Table 4.3: Effect of different water quantities on Micro-nutrient uptake(mg.plant-') of Cucumus sativa L. roots as measured during

2010.
Copper Zinc Manganese Boron Aluminium Iron

Treatment (Cu) (Zn) (Mn) (B) (Al (Fe)
L.h"
2 0.30+0.02a  1.36+0.10abc 0.93+0.05a 0.82+0.07a 7.12+1.03b 7.15+1.29bc
4 0.21+0.022d 1.53+£0.16ab 0.84+0.06a 0.74+0.20a 6.98+0.92b 7.25+0.98b
6 0.21+0.02cd 1.24+0.09c 0.78+0.070a 0.49+0.02a 8.61+0.88ab 9.59+1.22ab
8 0.26+0.01ab 1.33+£0.10bc 0.82+0.09a 0.53+0.04a 9.44+1.15a 9.98+1.14a
10 0.23+0.01bc 1.16+0.04c 0.70+0.04a 0.61+0.02a 4.02+0.58c 4.69+0.65cd
12 0.20+0.01cd 1.53+£0.07ab 0.91+0.07a 0.70+0.03a 4.02+0.34c 4.24+0.24d
14 0.19+0.01cd 1.60+0.06a 0.95+0.05a 0.65+0.02a 3.69+0.42c 3.47+0.24d
16 0.17+0.01d 1.39+0.08abc 0.79+0.05a 0.69+0.02a 3.83+0.55¢ 3.57+0.40d
One — Way ANOVA (F-Statistic)
Rep 6.36*** 2.72%** 1.93ns 1.86ns 8.98*** 9.00***

Values (Mean = SE, n = 10) followed by dissimilar letters in a column are significantly different at ***: £<0.001, ns: non-significant
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Table 4.4: Effect of different water quantities on Macro-nutrient uptake(mg.plant™) of Cucumus sativa L. leaves as measured during

2010.

Nitrogen Phosphorous Potassium Calcium Magnesium Sodium Sulphur
Treatment (N) (P) (K) (Ca) (Mg) (Na) (S)
L.h"
2 27.38+3.44c 5.27+0.64e 36.14+5.68d 60.38+11.52¢ 12.57+2.06¢c 28.30+£3.13a 6.17+0.90cd
4 29.62+3.34c 5.51+0.51e 41.0146.59cd 71.21+11.58de 11.64+2.01c 28.24+7.74a 5.54+0.70d
6 38.76+2.67c 7.52+0.53de  47.85+3.85cd 76.43+8.24cde  16.60+1.53bc  29.13+3.26a  8.30+1.23bcd
8 41.38+2.47c 8.56+0.53cde  59.02+6.48cd  116.72+11.28bc  21.23+0.96b 35.36+2.88a  9.80+1.00bcd
10 73.64+4.81b  11.13+0.75bcd  65.87+4.60c  109.47+12.07bcd 22.10+2.14b  27.36%1.82a  10.31+0.94bc
12 72.29+10.11b  11.78+2.02bc 68.08+7.27c 131.24+13.06b  16.04+1.45bc  28.69+2.76a 10.04+1.09bcd
14 77.70+11.35b 12.30+1.86b 99.02+17.00b 152.58+17.49b 22.80+2.99b  20.89+1.70a 12.69+1.99b
16 138.25+13.56a 21.01+2.04a  146.24+18.75a 343.35+31.46a 52.33t5.76a  33.62+5.02a 28.77+3.30a
One — Way ANOVA (F-Statistic)
Rep 22.93*** 15.29%** 12.50%** 31.81*** 22.37*** 1.17ns 20.95***

Values (Mean = SE, n = 10) followed by dissimilar letters in a column are significantly different at ***: £<0.001, ns: non-significant
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Table 4.5: Effect of different water quantities on Micro-nutrient uptake(mg.plant™”) of Cucumus sativa L. leaves as measured during

2010.
Copper Zinc Manganese Boron Aluminium Iron
Treatment (Cu) (Zn) (Mn) (B) (Al (Fe)
L.h"
2 0.09+0.01d 1.86+0.23d 4.58+0.42e 3.80+0.48cd 2.77+0.30cd 8.13+1.50a
4 0.12+0.01cd 1.72+0.13d 4.75+0.78de 3.08+0.41d 2.53+0.26d 11.06+£2.97a
6 0.14+0.02bc 2.14+0.25cd 6.69+0.71c 4.80+0.40bc 2.65+0.20cd 12.01+£3.05a
8 0.14+0.01bc 2.53+0.21bc 6.59+0.52cd 4.93+0.30bc  3.28+0.30abcd 7.93+0.93a
10 0.17+0.01ab 2.54+0.25bc 9.72+0.90ab 5.43+0.34b 3.86+0.54a 16.27+4.00a
12 0.17+0.02ab 2.56+0.27bc 7.83+0.53bc 4.85+0.35bc 3.76+0.44ab 10.63+1.58a
14 0.14+0.01bc 2.82+0.24b 8.71+0.66b 4.61+0.55bc  2.86+0.22bcd 8.77+1.80a
16 0.20+0.02a 3.65+0.23a 11.39+0.73a 8.26+0.57a 3.51+0.27abc 19.20+5.73a
One - Way ANOVA (F-Statistic)
Rep 5.55%** 6.92*** 12.34*** 12.17%** 2.42%+* 1.72ns

Values (Mean = SE, n = 10) followed by dissimilar letters in a column are significantly different at ***: £<0.001, ns: non-significant
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Table 4.6: Effect of different water quantities on Macro-nutrient uptake(mg.plant™) of Cucumus sativa L. stems as measured during

2010.
Nitrogen Phosphorous Potassium Calcium Magnesium Sodium Sulphur

Treatment (N) (P) (K) (Ca) (Mg) (Na) (S)
L.h"
2 50.34+4.54¢e 15.48+1.34e 121.71+11.65e 20.94+2.26¢ 6.49+0.55cd 62.82+5.49¢c 4.47+0.38d
4 47.68+4.96e  18.58+1.46de  207.70+17.91c 31.35+3.01b 6.30+£0.69d  203.53+34.31a 5.04+0.49cd
6 53.30+3.71de  16.89+1.02e 169.39+8.57d 32.56+3.18b  7.62+0.81bcd 251.58+33.43a 4.72+0.34cd
8 61.91+2.85cd 21.33+0.57cd 220.71+6.39c 32.61+1.59b 8.75+0.66ab 270.66+28.41a  5.58+0.22c
10 68.61+3.55bc 24.04+1.15bc  216.65+12.53c 29.22+1.00b 8.40+0.45ab  131.84+8.33bc  5.74+0.20c
12 74.15+2.33b 27.04+0.92b 258.04+8.12b 32.50+1.01b 8.02+0.43bc 132.60+13.51b  6.78+0.24b
14 89.56+2.91a  33.61+1.40a  298.01+11.99a 41.38+1.28a 8.89+0.35ab  104.62+9.45bc  8.34+0.29a
16 88.45+5.38a  31.63f1.72a 290.42+18.81lab  43.51+2.50a 9.93+0.59a 221.96+36.39a  8.63+0.59a
One — Way ANOVA (F-Statistic)
Rep 17.59%** 29.38*** 21.95%** 10.72*** 4.41%** 0.33*** 19.01***

Values (Mean £ SE, n = 10) followed by dissimilar letters in a column are significantly different at ***: P<0.001
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Table 4.7: Effect of different water quantities on Micro-nutrient uptake(mg.plant™) of Cucumus sativa L. stems as measured during

2010.
Copper Zinc Manganese Boron Aluminium Iron

Treatment (Cu) (Zn) (Mn) (B) (AD (Fe)
L.h"
2 0.224+0.01e 1.89+0.18e 2.26+0.22c 1.05+0.06e 0.70+0.10a 3.54+0.35a
4 0.26+0.01cd 2.52+0.26cde  2.34+0.14bc 1.31+0.06d 0.84+0.08a 3.19+0.22a
6 0.26+0.01d 2.11+0.28de 2.59+0.17bc 1.38+0.05d 0.92+0.13a 3.26+0.28a
8 0.30+0.01bc  2.88+0.23bcd 2.79+0.12b 1.56+0.03c 1.23+0.14a 3.48+0.28a
10 0.33+0.02ab 3.72+0.62b 3.58+0.25a 1.58+0.04bc 1.09+0.14a 3.82+0.15a
12 0.31+0.01b 3.79+0.22b 3.52+0.12a 1.68+0.03abc  1.21+0.23a 8.42+3.46a
14 0.32+0.02ab 4.87+0.29a 3.72+0.17a 1.69+0.04ab 0.96+0.13a 3.70+0.25a
16 0.36+£0.02a 3.20+0.32bc 3.42+0.18a 1.74+0.05a 0.87+0.10a 3.27+0.19a
One - Way ANOVA (F-Statistic)
Rep 10.44*** 9.26*** 11.67*** 26.63*** 1.80ns 2.00ns

Values (Mean = SE, n = 10) followed by dissimilar letters in a column are significantly different at ***: £<0.001, ns: non-significant
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51 Abstract

The effects of various quantities of water were assessed on their potential to influence the
metabolism of flavonoid and anthocyanin contents in different tissues of cucumber plants grown
hydroponically in a controlled greenhouse. The treatments included supplying 8 different water
quantities 2I/h, 41/h, 6l/h, 8I/h, 10l/h, 12I/h, 141/h, 16l/h. The plants received water five times a
day, making it 10, 20, 30, 40, 50, 60, 70, and 80 litres per day. The data from our study showed
that flavonoid metabolism was not significantly affected by different water quantities supplied to
cucumber plants. However, the anthocyanin content in roots, leaves, and stems were
significantly influenced by the different water applications. Lowest water quantity 2-6 I/h
significantly increased the levels of anthocyanins in all tissues tested. Increasing water
quantities to higher quantities significantly decreased the anthocynanin metabolism in all

tissues.

Key words: phenolic compounds, secondary metabolites
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5.2 INTRODUCTION

Flavonoid and anthocyanins are known around the world as a wide group of natural products of
which the chemical structure consist of a carbon framework (Marais et al., 2006). They are
polyphenolic plant secondary metabolites. Flavonoids have a great influence on colour
pigmentation originating in plants and are also linked to be beneficial to human health (Winkel,
2006). For example, the colour blue found in petals of flowers are as a result of the presence of
anthocyanins (delphinidin-based) in plant tissues. In some plant species, anthocyanins play a
vital role in the autumn colours and photo-protection of leaf cells against stress (Ndakidemi and
Dakora, 2003). It is capable of being a natural UV filter because of its ability to absorb light in
the 280-315 nm regions. A wide range of plant flavonoids act as a defence mechanism against
microbes, insects and mammalian herbivory. Furthermore, isoflavones, flavons and flavanones
are recognized as constitutive antifungal plant agents (Ndakidemi and Dakora, 2003; Makoi and
Ndakidemi, 2009; Makoi et al., 2010; Makoi and Ndakidemi, 2012). Flavonoids are also able to
transform enzymatic and chemical reactions, which can impact human health negatively or
positively (Beecher, 2003). They are also recognized for their antioxidant activity in a sense that
antioxidants are compounds that protect cells from the harm reactive oxygen species can cause
(Kuki¢ et al., 2006). Research on flavonoids revealed that it reduces chronic diseases, including
cancer (Chung et al., 2005; Ramos, 2007).

The synthesis and release of phenolic compounds such as flavonoids and anthocyanins are
induced by various biotic and abiotic factors. Phosphorous deficiency can, for example, induce
the accumulation of phenolics in plants (Ndakidemi, 2006). Studies conducted by Mattivi et al.
(2006); Castellarin et al. (2007) showed that under limited water conditions anthocyanin build up
increased through the stimulation of anthocyanin hydroxylation by up-regulating the gene
encoding the enzyme. In another case Castellarin et al. (2007) stated that when berries of
grapes were exposed to limited water conditions, early sugars build up increased which

accelerated anthocyanin synthesis.

Phenolic compounds such as anthocyanin and flavonoids have demonstrated a wide variety of
biological activities, mainly from their antioxidant activity and the potential of health benefits to
humans (Hodek et al., 2002). Research evidence suggests that plants that are tolerant to limited
water conditions build up three to four times more anthocyanins during dehydration in
comparison to when they are in their fully hydrated state (Sherwin and Farrant, 1998). At altered

water supply, phenolic compounds in cucumbers may vary in quantity and can affect the quality,
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taste and possibly its digestibility. Additionally excessive phenolic compounds can cause
browning and structural alterations that may adversely change the functional properties of the
proteins and their activities in crops such as cucumber (Synge, 1975). The aim of this study was
to assess the effects of various quantities of drip irrigated water on the flavonoid and

anthocyanin metabolism in Cucumis sativa L. grown in the hydroponic culture.

53 MATERIALS AND METHODS

5.3.1 Site location and description

The research was conducted at the greenhouse of the Agronomy and Vegetables Department
of the Cape Institute for Agricultural Training in Elsenburg, South Africa during the 2009-winter
season and 2009-2010 summer seasons. The greenhouse had a fully automated fertigation
system. The cucumber plants were placed in 20L black bags consisting of sawdust as a growth
medium. The plants were irrigated via drip irrigation and plants were staked with polyethylene

twines.

5.3.2 Experimental design and treatments

The experiment was set out in a randomised complete block design. The treatments included 8
various water regimes. These different water regimes were 2I/h (control), 4l/h, 61/h, 8I/h, 10l/h,
121/h, 141/h, 16l/h. The plants received water five times a day, making it 10, 20, 30, 40, 50, 60,
70, and 80l per day.

The crop Cucumis sativa L. variety Alladin was purchased from A. Ford & Co. (Pty) Ltd. (1
Hazelden drive Business Park Garden Pavillion, Tel: 021 — 850 0011) and the seeds were
germinated by Propagating Plants Company (Klein Joostenburg farm corner of R101 and R304,
Tel. /Fax: 021 — 884 4513). This was a new high yield cucumber variety in South Africa.

The trial was in a drain-to-waste system and was conducted over 3 months. There were 8
replicates and all the treatments received the same amount of nutrients. The electrical

conductivity of the nutrient solution was set at 1.65 mS.cm™(Combrink, 2005).
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5.3.3 Plant harvest, sample preparation and metabolite extraction

After 91 days, each plant in each treatment was harvested. The stems, leaves, roots were cut
up for each treatment and placed in separate paper bags. The plant organs were oven-dried at
60°C for 48h, weighed, ground into fine powder (0.85mm) and stored prior to bioassay for
flavonoids and anthocyanins. About 0.1g of ground powder (root, leaves and stem) was
weighed and mixed with 50mL of acidified methanol prepared from a ratio of 79:20:1 (MeOH:
H,O: HCI). The mixture was incubated for 72h in darkness for auto-extraction, filtered through
Whatman paper Number 2 and absorbance of the clear supernatant measured spectrometrically
at 300, 530, and 657nm using acidified methanol as a standard. Concentrations of flavonoids
were measured at 300nm and expressed as Abs g.DM™" (Mirecki and Teramura, 1984), while
the anthocyanin concentration was measured as Absszg —1/3Absgs7 (Lindoo and Caldwell, 1978)

and expressed as Abs g.DM™".

5.3.4 Statistical analysis
The analysis was performed using STATISTICA software (StatSoft Inc., 2007 Tulsa, OK, USA).
One-way ANOVA analysis was used to compare treatment means of the metabolites in plant

organs.

5.4 RESULTS

In this study, the flavonoids and anthocyanins (Abs g.DM™") in tissues (roots, leaves, and stem)
of cucumber were extracted in aqueous methanol (10g of seed in 50mL of acidified MeOH), and

their concentrations measured spectrophotometrically.

The data from our study showed that flavonoid metabolism was not significantly affected by
different water quantities supplied to cucumber plants. However, the anthocyanin content in
roots, leaves, and stem were significantly influenced by the different water quantities (Figure 1-
3). For example, the lowest water quantity 2-6 I/h significantly (P<0.001) increased the levels of
anthocyanins in roots. As water quantities increased, the anthocynanin metabolism in roots also
decreased (Fig 1). The lowest anthocyanin content in roots was recorded in the treatment

supplied with 16l/h of water.
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Figure 2 shows the effect of different water quantities on the anthocyanin content in leaves. The
data showed that the levels of anthocyanin content in leaves were significantly (P<0.001)
affected by the different water quantities. Relative to higher water levels (12-161/h), the lower

water levels 2-6 I/h exhibited greater concentrations of anthocyanins in leaves (Fig. 2).

The concentration of anthocyanins in stems of cucumber plants differed significantly

(P=<0.001) with the various water quantities supplied. Lowest water quantities (2-41/h) produced
stems which had a significantly higher anthocyanin content than those supplies with 10-161/h.
The lowest concentration of anthocyanin in stems was recorded in a treatment supplied with

water at a rate of 16l/h.

5.5 DISCUSSION

In this study, roots, leaves and stems of cucumber were assayed for flavonoids and
anthocyanins with the objective of quantifying the levels of these phenolic compounds at
exposure to different water quantities. Our findings reported that the Cucumis sativa L. plants
which were exposed to different water regimes, responded significantly different in their
metabolism of anthocyanins. Plants that received the least amount of water (2I/h control
treatment) had the highest anthocyanin content compared with those supplied with greater
water quantities (16l/h). The higher anthocyanin content present in the different cucumber
organs supplied with low water quantities, could serve as defence molecules against abiotic
stresses, such water stress. This report is consistent with the finding that the presence of
anthocyanins in plant tissues provided protection of plant tissues against abiotic stress such as
water (Chalker-Scott, 1999). In a similar study, Mattivi et al. (2006); Castellarin et al. (2007)
reported anthocyanin content increases in plant tissues exposed to limited water conditions.
This increase in anthocyanin content is due to the stimulation of anthocyanin hydroxylation by
up-regulating the gene encoding its enzyme (Mattivi et al., 2006; Castellarin et al., 2007). It can
also be as a result of early sugar accumulation increases, which as a result, accelerates

anthocyanin production (Castellarin et al., 2007).

5.6 CONCLUSION

In conclusion, this study has shown that the concentration of anthocyanins in tissues of

cucumber differed markedly between different water treatments tested, with plants supplied with
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lowest quantities (2I/h) showing higher levels of anthocyanins relative to the highest water
quantities (16l/h). The higher concentration of these compounds at lower water levels is result of
mechanisms adopted by plants to protect themselves from abiotic constraints such as water
stress (Chalker-Scott, 1999).
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Table 5.1: Effect of different water quantities on flavanoids and anthocyanins of Cucumus sativa L. stems as measured in Abs

g.DM™" units during 2010.

Flavonoid roots Anthocyanin Flavonoid leaves Anthocyanin

Flavonoid stems

Anthocyanin

Treatment roots leaves stems
L.h"

2 0.16+0.01a 0.44+0.04a 0.25+0.01a 0.47+0.04a 0.19+0.01a 0.44+0.03a
4 0.161£0.01a 0.44+0.07a 0.231£0.01a 0.43+0.02ab 0.211£0.01a 0.394£0.04ab
6 0.18+0.01a 0.43+0.04a 0.22+0.01a 0.42+0.04ab 0.20+0.02a 0.32+0.02bc
8 0.161£0.01a 0.40+0.06ab 0.251£0.01a 0.33%+0.03bc 0.174£0.02a 0.33£0.02bc
10 0.19+0.01a 0.34+0.05abc 0.20+0.01a 0.37+0.03abc 0.20+0.01a 0.27+0.02cd
12 0.204£0.01a 0.29+0.03bc 0.21£0.01a 0.31+0.05c 0.184£0.02a 0.26+0.03cd
14 0.17+0.01a 0.40+0.04ab 0.22+0.01a 0.20+0.04d 0.20+0.00a 0.18+0.03de
16 0.174£0.02a 0.21+0.03c 0.22+0.01a 0.17+0.02d 0.191£0.02a 0.13+0.06e
One - Way ANOVA (F-Statistic)

Rep 1.88ns 2.96*** 1.61ns 9.14*** 1.18ns 9.02***

Values (Mean = SE, n = 10) followed by dissimilar letters in a column are significantly different at ***: £<0.001, ns: non-significant
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6.1 Abstract

The effects of various quantities of water were assessed on their potential to influence the
growth of cucumber plants grown hydroponically in the greenhouse. The treatments included
supplying 8 different water quantities 2l/h, 4l/h, 6l/h, 8I/h, 10l/h, 12I/h, 14l/h, 16l/h. The plants
received water five times a day, making it 10, 20, 30, 40, 50, 60, 70, and 80 litres per day. Plant
height displayed significant differences with water quantities from weeks 1-8. At week 1, the
plant height was superior at supplying 4l/h in comparison with other treatments. In week 2 and 5
irregular trends were detected. At weeks 3 and 4, supplying 8-12 displayed superior
performance. At week 7-8, significant and best results were shown at water quantities ranging
from 4-16l/h compared with the control treatment. Water quantities significantly (P<0.001)
affected the number of leaves per plant from weeks 2-8. Irregular results were displayed at
week 2 and 3. At week 4 and 5, the highest numbers of leaves were reported by supplying
12I/h and 10l/h, respectively. Generally, leaf numbers increased with increasing water levels
from weeks 6-8. Plant vigour was significantly affected by the alteration of water quantities at
weeks 1, 2, 4, 5, 6, 7 and 8. At weeks 1 and 4 the more vigorous plants were found in
treatments that received between 10-161/h. At weeks 2 and 5 good results were found at
treatments involving between 6-14l/h. In weeks 6, 7 and 8 the most vigorous plants were found
at the highest water supply of 16l/h. With fruit length, fruit width, rind colour, fruit quality
(marketable fruit) and weight, results from the harvest done in the first, second and third week,
displayed that water quantities significantly influenced these parameters. Best results were
reported when the plants were supplied with water ranging between 14-161/h. At week 4, the
fruit length, width, rind colour, displayed good results at 16l/h. Generally, plants that received
highest amount of water (16l/h) had highest cucumber yields compared with all other

treatments.

Key words: fruit length, fruit quality, fruit width, plant height, plant vigour, number of leaves per

plant, rind colour.
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6.2 INTRODUCTION

The quantity of water a crop receives will have a great impact on the plants™ growth as well as
the quality and quantity of the crops yield (Sezen et al., 2005; Yuan et al., 2003). One of the
major constraints to most vegetable growers in South Africa is an issue related to water
management and water use efficiency. This problem has added to the already enormous
problem of drought in the country (Sedibe, 2003). Consequently, it is extremely important for
growers to determine the exact amount of water required for their crops to get exceptional yields
of high quality. Achieving this will support vegetable growers in saving extra costs on water and

hence, increase their profits (Sedibe, 2003; Chartzoulakis and Drosos, 1995).

Cell multiplication is responsible for tissue, organ and plant growth (Hsiao and Acevedo, 1974).
Cell division and hence growth, is very sensitive to limited water conditions (Smittle et al., 1994).
It is widely accepted that cell enlargement cannot be maintained in the absence of water. Water
stress may limit meristematic cells from expanding to the maximum size. From this fact, water is
very essential for all plants® growth processes, ranging from cell to enlargement to fruit
formation and growth (Westgate and Boyer, 1985; Smittle et al., 1994; Hopkins and Huner,
2004). When a plant is subjected to water shortage, the cellular water deficit can result in a
concentration of solutes, changes in cell volume and membrane shape, disruption of membrane

integrity and denaturation of protein, and thus disrupting growth processes (Bray, 1997).

Water is responsible for the formation of dry or fresh matter of the plant. During the
photosynthesis process, glucose is the end-product as illustrated in the following formula: 6 CO,
+ 12 H,0O — CgH1206 + 6 O, + 6 H,0. In the presence of water, the starch build up in leaves is
the primary element of dry weight accumulation which is accessible for export to other organs
(Huber et al., 1984). When plants are exposed to limited quantities of water, leaf biomass may
decrease (De Herralde et al., 1998). Conversely, application of large amounts of water may
increase total accumulation of dry matter in plants such as tomato (Rendon-Poblete, 1980).
Jamma and Ottman (1993) reported that water stress at the early growth stage, reduces plant
dry weight as a result of reduced plant height, leaf area expansion, lower crop growth rate and

decreased grain yield.



CHAPTER SIX SUBMITTED TO: INTERNATIONAL JOURNAL OF THE PHYSICAL SCIENCES 6-5

Other consequences of exposing plant to limited quantities of water in terms of plant growth is
the production of smaller leaves, shorter internode sections and reductions in flower numbers,
size and quality (Cameron et al., 1999; Sanchez-Blanco et al., 2002). Van Loon (1981, 1986)
stated that a reduction in water supply decreased yield by reducing growth of crop canopy and
biomass. In other studies, potato height increased faster with increasing the amount of irrigation
water (Yuan et al., 2003). Wiedenfeld (1995) observed that there was reduction in cane yield
and sugar content when plants were exposed to water stress. Other researchers showed
increased fruit size and yield in crops supplied with an adequate amount of water compared with
crops exposed to low quantities (Begg and Turner, 1976; Mao et al., 2002; Kumar et al., 2007;
Zeng et al., 2009).

Therefore, understanding the optimum quantities of water required by plants to achieve
maximum growth in hydoponic systems, is essential. This study was conducted with the
objective of assessing the effects of different water quantities on the growth of Cucumis sativa

L. grown in hydoponic systems.

6.3 MATERIALS AND METHODS

6.3.1 Site location and description

The research was conducted at the greenhouse of the Agronomy and Vegetables Department
of the Cape Institute for Agricultural Training in Elsenburg, South Africa during the 2009-winter
season and 2009-2010 summer season. The greenhouse had a fully automated fertigation
system. The cucumber plants were placed in 20L black bags consisting of sawdust as a growth
medium. The plants were irrigated via drip irrigation and plants were staked with polyethylene

twines.

6.3.2 Experimental design and treatments

The experiment was set out in a randomised complete block design. The treatments included 8
various water regimes. These different water regimes were 2I/h (control), 4l/h, 61/h, 8l/h, 10l/h,
121/h, 141/h, 16l/h. The plants received water five times a day, making it 10, 20, 30, 40, 50, 60,
70, 80L/H per day.



CHAPTER SIX SUBMITTED TO: INTERNATIONAL JOURNAL OF THE PHYSICAL SCIENCES 6-6

The crop Cucumis sativa L. variety Alladin was purchased from A. Ford & Co. (Pty) Ltd. (1
Hazelden drive Business Park Garden Pavillion, Tel: 021 — 850 0011) and the seeds were
germinated by Propagating Plants Company (Klein Joostenburg farm, corner of R101 and
R304, Tel. /Fax: 021 — 884 4513). This was a new high yield cucumber variety in South Africa.

The trial was in a drain-to-waste system and was conducted over 3 months. There were 8
replicates. All the treatments received the same amount of nutrients. The electrical conductivity

of the nutrient solution was set at 1.65 mS.cm™(Combrink, 2005).

6.3.3 Plant growth measurements

All data was collected from the point the plants were planted into bags containing sawdust
inside the greenhouse. All data regarding growth was collected once a week after planting. The
plants height was measured with the use of a measuring tape. The leaves were counted to
obtain the number of leaves for each plant. The plants vigour was rated on a scale of 1-5 where
1= least vigorous and 5 = most vigorous. 42 days after planting, the first fruit were harvested
and the harvesting continued weekly for a period of four weeks. The length of the longest and
shortest fruit was measured for each plant using a tape measure. Measurements were also
taken for the thinnest and widest fruit. The number of fruit was also counted and divided into
fruit that were marketable and non-marketable. Fruit weight was recorded using a standard
scale. The rind colour of the cucumbers was also rated on a scale of 1 — 5 where 1 = least

green and 5= most green.

6.3.4 Statistical analysis

Statistical analysis was attained with the use of the one-way analysis of variance (ANOVA) and
the calculations were computed by using the software program STATISTICA 2012 (Stat soft Inc
Tulsa,Ok, USA).

6.4 RESULTS

Plant height displayed significant differences with water quantities from weeks 1-8 (Table 15). At
week 1, the plant height was superior at supplying 4I/h in comparison with other treatments. At
weeks 2 and 5 irregular trends were detected in the plant height (Table 15). At weeks 3 and 4,

supplying 8-12 I/h displayed superior performance in the plant height. At weeks 7-8, significant
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and best results were shown in plant height at water quantities ranging from 4-16l/h compared

with the control treatment.

Water quantities significantly (P<0.001) affected the number of leaves per plant from weeks 2-8
(Table 16). Irregular results were displayed in week 2 and 3. At week 4 and 5, the highest
number of leaves was reported at treatments of 12I/h and 10l/h, respectively. Generally, leaf

numbers increased with increasing water levels from weeks 6-8.

The alteration of water quantities in the hydroponic system significantly affected the plant vigour
at weeks 1, 2, 4, 5, 6, 7 and 8 (Table 17). At weeks 1 and 4, the more vigorous plants were
found in treatments that received between 10-161/h (Table 17). At weeks 2 and 5 good results
were found at treatments involving between 6-14l/h (Table 17). At weeks 6, 7 and 8 the most

vigorous plants were found at the highest water supply of 161/h.

Results from the harvest done in the first, second and third week indicated that water quantities
had a significant influence on the fruit length, fruit width, rind colour, fruit quality (marketable
fruit) and weight (Tables 18 and 19 ). The fruit length, width, rind colour, quality and weight all
displayed best results when the plants were supplied with the highest amount of water between
14-16l/h (Tables 18 and 19).

At week 3, the changes in water quantity had significant (P<0.01; P<0.001) influences on the
fruit length, fruit thickness, rind colour, marketable fruit and weight (Table 20). The fruit length,
fruit thickness, rind colour, marketable fruit and weight all displayed superior results at the
treatment with the highest water supply 16l/h in comparison to the other treatments which

received less water (Table 20).

Water quantities significantly affected the fruit length, fruit width, rind colour, fruit quality
(marketable fruit) and weight for fruits harvested at weeks 3, 4 and 5 (Tables 20, 21 and 22).
The fruit length, width, rind colour, displayed good results at 16l/h where the plants were
supplied with the largest amount of water as compared with other treatments. At week 4, best
results for fruit quality (marketable fruit) and weight was recorded at 10l/h (Table 21). At week 5,

fruit width displayed irregular trends with different water quantities (Table 22).
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6.5 DISCUSSION

Water plays a major role in plant growth, especially in cucumber fruits as about 96% of its
content is water (Gebhardt et al.,, 1982; Haytowitz and Matthews, 1984; Rubatzky and
Yamaguchi, 2000). In this study, Cucumis sativa L. plants exposed to various drip fertigated
water quantities, displayed significant effects on plant growth (i.e. plant height, shoots, fruits,
foliage and entire plant). In tables 15 to 17, and 18 to 23 it is clearly indicated that the increase
in water quantities increased plant growth and yield. The cucumber size, colour and weight were
all improved by increasing water supply. The increased plant growth is due to the favourable
influence of water quantity on cell division, multiplication and tissue enlargement and
development. At the optimum supply of water, the meristematic cell expands to the maximum
size and hence, causing enlargements in different tissues such as leaves and fruits. In the
treatments which were supplied with small quantities of water, the growth processes were
reasonably retarded. Similar to this study, Zeng et al. (2009) showed improved growth of

closely related plant species (Cucumis melo L.) by increasing water supply.

6.6 CONCLUSION

In conclusion, different water quantities had a greater influence on cucumber plant growth and
yield. Increasing water quantity was associated with improved growth and yield. Results from
this study clearly suggest the range of quantities which may provide best results for cucumber
grown in the hydroponic cultures.
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Table 6.1: Effect of different water quantities on plant height of Cucumus sativa L. as measured from Week 1 to Week 8 during 2010.

WEEKS

Treatment 1 2 3 4 S 6 7 8

Plant height (m)
L.h"
2 0.08+0.00c  0.11+0.00bc 0.27+0.01ef 0.644£0.01bc 1.01+0.03bc  1.30#0.05d 1.51+0.07¢c 1.55+0.05¢
4 0.09+0.00a 0.12+0.00a  0.28+0.01cde 0.63+0.01c  1.03+0.02abc 1.36+0.03bcd 1.71+0.04ab 1.86+0.05ab
6 0.08+0.00b  0.12+0.00ab 0.29#0.01bcd 0.66+0.02ab 1.08+0.02a 1.39+0.02abc  1.73+0.03ab 1.85+0.04ab
8 0.08+0.00bc 0.12+0.00ab 0.29+0.01ab  0.67+0.01ab 1.06+0.0la 1.37+0.02abcd 1.65+0.04b 1.74+0.05b
10 0.08+0.00bc 0.12+0.00a 0.30#0.01a 0.66+0.01ab 1.05+0.02ab  1.40+0.02ab 1.69+0.03ab 1.79+0.05ab
12 0.07+0.00d  0.11+0.00c  0.30%0.00a 0.67+0.01a 1.07+0.01a 1.44+0.02a 1.78+0.03a 1.88+0.06a
14 0.07+0.00d  0.11+0.00c  0.27+0.00fg 0.61+0.01cd 0.99+0.02c 1.33+0.02cd 1.75+0.02ab 1.92+0.04a
16 0.07+0.00d  0.10+0.00d  0.25+0.01g 0.59+0.01d  0.99+0.01c 1.31+0.01d 1.72+0.01ab 1.90+0.03a
One - Way ANOVA (F-Statistic)
Rep 19.79** 8.23*** 9.14*** 7.00%** 3.99*** 3.64*** 4.61%* 6.55***

Values (Mean * SE, n = 10) followed by dissimilar letters in a column are significantly different at **: P<0.01; ***: P<0.001
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Table 6.2: Effect of different water quantities on number of leaves of Cucumus sativa L. as measured from Week 1 to Week 8 during
2010.

WEEKS

Treatment 1 2 3 4 5 6 7 8

Number of Leaves (scale from 1-5)
L.h"
2 4.05+0.05a  5.55+0.11a 8.35+0.11a  11.60+0.20cd 15.80+0.37e 18.00+0.37b  19.90+0.40c 15.55+0.60d
4 4.00+0.00a  5.05+0.05c 7.95+0.05c 11.50+0.22d 16.10+0.20de  18.45+0.34b  22.05+0.57b  18.80+0.62abc
6 4.05+0.05a 5.15+0.08bc  8.00+0.10bc  12.20+0.24b  16.95+0.25abc 19.80+0.34a  22.30+0.48b  18.35+0.54bc
8 4.00+0.00a 5.35%#0.11ab  8.00+0.18bc  12.35+0.23ab  16.85+0.28bcd 19.70+0.48a  22.50+0.43b 17.75+0.48¢
10 4.00+£0.00a 5.30+0.11abc 7.85+0.11cd 12.25+0.18b 17.70+0.22a  20.15+0.39a  23.65+0.31a  18.75+0.45abc
12 4.00+0.00a 5.45+0.11a  8.30+0.11ab 12.90+0.19a 17.40+0.32ab  20.20+0.25a  24.05+0.20a 18.75+0.61labc
14 4.05+0.05a 5.15+0.08bc  7.90+0.12cd 12.10+0.24bc  16.65+0.27bcd 18.60+0.29b  23.80+0.26a 19.90+0.20a
16 3.95+0.05a  5.05+0.05c 7.60+0.15d 12.00+0.18bcd 16.60+0.31cd 19.65+0.36a  24.00+0.21a  19.30+0.40ab
One - Way ANOVA (F-Statistic)
Rep 1.0ns 4.10%** 3.94*** 4.36*** 4.89*** 5.56*** 13.96%** 6.76***

Values (Mean = SE, n = 10) followed by dissimilar letters in a column are significantly different at ***: P<0.001; ns: non-significant
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Table 6.3: Effect of different water quantities on vigour of Cucumus sativa L. as measured from Week 1 to Week 8 during 2010.
WEEKS
Treatment 1 2 3 4 S 6 7 8
Vigour (scale from 1-5)

L.h*t

2 3.35+0.17bc  3.60+0.17abc  3.10+0.19a 2.95+0.11e 3.10£0.19c 3.30+0.13b 2.90+0.16e 2.7510.10e
4 3.30£0.15bc  3.45+0.14bc  3.15+0.22a  3.30+0.16de  3.40+0.18bc  3.30+0.21b 3.60+0.18d 3.60+0.20cd
6 3.4040.15bc 3.90+0.19a 3.55+0.25a 3.65+0.21bcd  3.90+0.20a  3.65+0.22ab 3.55+0.20d 3.9040.12bc
8 3.20£0.12¢c  3.60+0.13abc  3.55+0.26a  3.50+0.18cd  3.60+0.13ab 3.25+0.18b 3.95+0.15cd 3.45+0.14d
10 3.70+0.11ab  3.80+0.12ab  3.45+0.17a  3.95+0.20abc 3.70+0.15ab 3.90+0.18a 4.15+0.17bc  3.75%0.14cd
12 3.90+0.14a  3.85+#0.13ab  3.60+0.20a 4.40+0.13a  3.75+0.18ab  3.85+0.18ab  4.55+0.15ab  3.65+0.18cd
14 3.55+0.18abc 3.70+0.19ab  3.40+0.17a 4.4040.13a 4.004£0.19a 3.65+0.15a 4.30+0.15bc  4.3040.13ab
16 3.65+0.15ab 3.20+0.16¢c 3.40+0.15a  4.10+0.18ab  3.30+0.13bc  4.05+0.17a 4.95+0.05a 4.45+0.11a
One - Way ANOVA (F-Statistic)

Rep 2.54* 2.21* 0.83ns 9.78*** 3.22** 2.97* 16.71*** 13.39***

Values (Mean + SE, n = 10) followed by dissimilar letters in a column are significantly different at *: P<0.1; **
ns: non-significant.

: P<0.01; ***: P<0,001
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Table 6.4: Effect of different water quantities on fruits of Cucumus sativa L. as measured from Week 1 to Week 5 during 2010.

6-14

Week 1
Fruit Length Fruit Width Rind colour Marketable Weight
(In CM) (In CM) (scale from 1- fruit (In Kg)

Treatment 9)
L.h"
2 31.49+2.80c 16.26+1.26b 2.25+0.18e 1.45+0.15e 1.104£0.09cd
4 38.75+0.60b 18.43+0.28a 3.40+0.11d 1.95+0.18cde  1.40%0.13bc
6 38.17+0.61b  17.60+0.30ab 3.45+0.22d 1.70+0.18de 1.04+0.08d
8 39.48+0.46ab  17.87+0.27a 3.50+0.14cd  2.25+0.16bcd 1.31+0.08bcd
10 39.88+0.76ab  18.63+0.29a  3.75+0.10bcd 2.70+0.26ab  1.58+0.13ab
12 40.08+0.37ab  18.23+0.28a  3.85+0.08abc  2.30+0.16bc  1.42+0.13bc
14 40.08+0.61ab  18.34+0.19a 4.00+0.15ab  2.40+0.22abc 1.47+0.16ab
16 42.15+0.67a  18.60+0.19a 4.20+0.09a 2.90+0.23a 1.76£0.12a
One - Way ANOVA (F-Statistic)
Rep 7.74%* 2.37* 17.95** 6.09*** 4.06***

Values (Mean £ SE, n = 10) followed by dissimilar letters in a column are significantly different at *: P<0.1; **: P<0.01; ***: P<0,001.
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Table 6.5: Effect of different water quantities on fruits of Cucumus sativa L. as measured from Week 1 to Week 5 during 2010.

6-15

Week 2
Fruit length Fruit width Rind colour Marketable Weight
(In CM) (In CM) (scale from 1- fruit (In Kg)

Treatment 9)
L.h"
2 33.55+0.43a  17.49+0.94ab 3.20+0.21d 1.754+0.20c 1.154+0.07¢c
4 34.12+0.44a 18.05+0.17ab 3.35+0.13d 2.25+0.19bc  1.23+0.10bc
6 31.07+1.68a 15.19+1.18c 3.25+0.29d 2.20+0.24c 1.01+0.12¢c
8 31.68+1.78a 16.77+0.97bc  3.40+0.31cd 2.30+0.24bc 1.204£0.10c
10 33.63+0.43a 17.82+0.25ab  3.95+0.14abc  2.80+0.25ab  1.47+0.10ab
12 34.38+0.57a  17.50+0.23ab  3.75+0.16bcd 3.15+0.20a 1.65+0.09a
14 34.72+0.35a  18.18+0.22ab  4.15+0.13ab 3.10+0.18a 1.704£0.08a
16 34.89+1.91a 18.80+0.21a 4.35+0.25a 2.80+0.16ab 1.58+0.07a
One - Way ANOVA (F-Statistic)
Rep 1.48ns 2.78** 4.18*** 5.62*** 7.86***

Values (Mean £ SE, n = 10) followed by dissimilar letters in a column are significantly different at **: P<0.01; ***: P<0,001; ns: non-

significant.
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Table 6.6: Effect of different water quantities on fruits of Cucumus sativa L. as measured from Week 1 to Week 5 during 2010.

6-16

Week 3
Fruit length  Fruit thickness Rind colour Marketable Weight
(In CM) (In CM) (scale from 1- fruit (In Kg)

Treatment 9)
L.h"
2 24.78+3.74c 12.79+1.96b 2.60+0.31d 1.00+0.23d 0.90+0.15d
4 36.47+0.54b 18.39+0.27a 3.45+0.23c 2.35+0.25ab 1.75+0.15a
6 38.17+0.61lab  17.60+0.30a 3.45+0.22c 1.70+0.18c 1.04+0.08cd
8 39.48+0.46ab  17.87+0.27a 3.50+0.14bc 2.25+0.16bc  1.31+0.08bc
10 39.88+0.76ab  18.63+0.29a  3.75+0.10abc  2.70+0.26ab  1.58+0.13ab
12 40.08+0.37ab  18.23+0.28a  3.85+0.08abc 2.30+0.16b 1.42+0.13ab
14 40.08+0.61ab  18.34+0.19a 4.00+0.15ab 2.25+0.18bc  1.34+0.10bc
16 42.15+0.67a 18.60+0.19a 4.20+0.09a 2.90+0.23a 1.76x0.12a
One - Way ANOVA (F-Statistic)
Rep 14.45*%** 7.13%* 7.12%** 7.96*** 6.50%***

Values (Mean £ SE, n = 10) followed by dissimilar letters in a column are significantly different at ***: P<0,001.



CHAPTER SIX SUBMITTED TO: INTERNATIONAL JOURNAL OF THE PHYSICAL SCIENCES

Table 6.7: Effect of different water quantities on fruits of Cucumus sativa L. as measured from Week 1 to Week 5 during 2010.

6-17

Week 4
Fruit Length  Fruit thickness Rind colour Marketable Weight
(In CM) (In CM) (scale from 1- fruit (In Kg)

Treatment 9)
L.h"
2 17.43+4.44c 8.25+2.10c 1.50+0.39¢c 0.40+0.15d 0.41+0.12d
4 26.98+4.57bc  9.84+2.05bc 2.15+0.46bc 0.65+0.18cd  0.59+0.13cd
6 19.93+4.61c 8.43+2.14c 1.65+0.42c 0.85+0.23bcd 0.63+0.14bcd
8 34.74+3.43ab  15.29+1.54a 3.35+0.34a 1.45+0.21a 0.97%0.14abc
10 37.85+3.00a 15.63+1.53a 3.45+0.36a 1.55+0.27a 1.08+0.14a
12 30.91+4.16ab  15.12+2.03a 3.40+0.41a 1.25+0.20ab  0.81+0.14abc
14 34.53+3.99ab 13.64+1.85ab  3.20+0.38ab  1.15+0.17abc 0.99+0.15ab
16 39.70+2.26a 16.21+1.30a 3.70+0.31a 1.35£0.22ab  0.99+0.15ab
One - Way ANOVA (F-Statistic)
Rep 4.41%** 3.39** 5.23*** 3.87*** 3.00**

Values (Mean £ SE, n = 10) followed by dissimilar letters in a column are significantly different at **: P<0.01; ***: P<0,001.
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Table 6.8: Effect of different water quantities on fruits of Cucumus sativa L. as measured from Week 1 to Week 5 during 2010.

Week 5
Fruit length Fruit thickness Rind colour Marketable Weight
(In CM) (In CM) (scale from 1- fruit (In Kg)

Treatment 5)
L.h"
2 41.53+0.90ab  19.45+0.37a 3.60+0.15a 2.05+0.23a 1.75+0.09a
4 33.28+4.47bc 15.94+1.87abc 3.55+0.29a 1.80+0.34a 1.56+0.24a
6 33.55+3.90bc  14.67+1.76bc 3.60+0.37a 1.90£0.29a 1.35+£0.23a
8 26.65%5.06¢ 12.55+2.15¢c 2.55+0.48a 1.55+0.27a 1.20+0.19a
10 41.82+3.30ab  18.28+1.44ab 3.60+0.29a 1.85+0.20a 1.72+0.20a
12 36.53+4.23bc  15.41+1.80abc 3.30+0.45a 1.85+0.33a 1.70+0.23a
14 42.96+3.39ab 17.96%1.42ab 3.75+0.31a 1.90£0.20a 1.93+0.19a
16 48.10+0.79a 19.16£1.13a 3.55+0.42a 1.95+0.29a 1.95+0.17a
One - Way ANOVA (F-Statistic)
Rep 3.65** 2.37* 1.11ns 0.28ns 1.75ns

Values (Mean £ SE, n = 10) followed by dissimilar letters in a column are significantly different at *: P<0.1; **: P<0.01, ns: non-
significant.
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7.1 General Discussion and Conclusion

Cucumber (Cucumis sativa L.) is one of the most important commercial vegetable crops
grown in South Africa. It is commonly grown by large scale cucumber farmers in open fields
where the climatic conditions are suitable. With current scarcity of water facing South Africa
and the rest of the global community, the adoption of intensified systems such as
greenhouse cultivation is a viable option. Economic yields could be achieved by optimizing

the quantity of fertigated water to be supplied in the greenhouse setting.

Results from this study conducted in an environmentally controlled greenhouse have shown
that higher water quantities increased plant growth, improved chlorophyll content in the
leaves, the rate of photosynthesis and nutrient uptake. However, lower water quantities
resulted in higher accumulation of anthocyanins in roots, leaves and stems of Cucumis sativa
L. As shown in this study, increasing water quantities resulted into significant increases in
photosynthesis and chlorophyll contents in the plants. Both these parameters play a pivotal

role in growth and development in plants.

Increasing water quantities also resulted in significant uptake of mineral nutrients (N, P, K,
Ca, Mg, Na, S, Fe, Cu, Zn, Mn, Al and B) in plant tissues. This suggests that water had a
positive effect on the amount of nutrients taken by the plants. In roots, the uptake of some
nutrients was increased when exposed to low water quantities. This increase in roots was
due to the fact that when the cucumber plant was exposed to low water quantities, more
energy and nutrients were sent to roots to promote root growth as a compensatory

mechanism to search for more water and nutrients.

Furthermore, low water levels as compared with higher water supply improved the
anthocyanin content of Cucumis sativa L. in different organs. For example in root, leaves
and stem values of anthocyanin content were all elevated in the lowest water treatment of
2l/h and decrease at the highest water supply of 16l/h. These increases in anthocyanin
content of Cucumis sativa L. organs in this study could have an impact on the quality and

tolerance to abiotic and biotic stresses.

Results from the studies have shown that supplying adequate quantities of water increased
growth, and the final fruit yield of Cucumis sativa L. plants. Furthermore, decreased water
quantities significantly lowered yield and fruit quality. The increase in growth and productivity
of Cucumis sativa L. was due to the enhancement of other processes such as

photosynthesis, chlorophyll synthesis and nutrient uptake, due to adequate supply of water.
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More studies are recommended to come up with optimum quantity of water supply for

hydroponic cultures.

In conclusion, it is clear that cucumber is a water-loving crop. Higher water quantities in this
study resulted into improved physiological processes such as photosynthesis and nutrient
uptake and hence, higher fruit yields. In water limited environments, results from this study
could assist growers with achieving reasonable cucumber yields while saving water for other

farm uses.
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