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Growth, Yield and Quality of Cucumber (Cucumis
sativus L.) Grown in Hydrophonic System as
Influenced by Different Aggregate Compositions
and Pruning Techniques
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ABSTRACT

Cucumber (Cucumis sativus L.) is one of the most important cultivated
greenhouse crops, which requires new technology to cope with climate changes.
This study aimed to determine, investigate and compare the growth, yield, and
postharvest quality of cucumber; and evaluate the cost and return of cucumber
grown in hydroponic system as influenced by different aggregate compositions
and pruning techniques. This was undertaken in Split-plot in a Randomized
Complete Block Design with three different pruning techniques Without pruning
(Po), V-cordon pruning (P:) and Five stem pruning (P-) as the main plot and four
aggregate compositions 4:3:1 Rh:Cc:LECA (T:); 4:3:1 Rh:Cc:Rs (T2); 3:2:1
Rh:Cc:LECA (Ts); and 3:2:1 Rh:Cc:Rs (T4) as subplots. Cucumber plants applied
with V-cordon pruning (P:) shown a lesser number of days from transplanting to
female flowering, a more significant number of marketable fruits, lesser visual
quality loss, lesser weight loss, and high titratable acidity. However, Without
pruning (Po) gains the highest number of female flowers and highest Vit. C content.
While, Five stem pruning (P-) revealed a longer fruit length, wider diameter, heavier
weight of marketable fruits and highest yield than all treatments. Among the four
aggregate compositions, 4:3:1 Rh:Cc:LECA (T:) resulted to the tallest plant height,
longer fruits, greater number of marketable fruits, heavier weight of marketable
fruits, and highest yield. On the other hand, 3:2:1 Rh:Cc:LECA (Ts) obtained the
widest diameter of Japanese cucumber fruits while 4:3:1 Rh:Cc:Rs (T>) obtained
the highest content of Vit. C. In addition, cucumber plants with V-cordon pruning
(P:) and 4:3:1 Rh:Cc:LECA (T:) gave a positive netreturn.

Keywords: Aggregate hydroponics, Cucumber, Growth, Pruning Techniques,
Yield, Quality

INTRODUCTION

Cucumber is an important greenhouse crop with various uses, such as
kimchee, pickles, and aesthetics (Gruda et al 2017). Japanese cucumbers are
valued for their unique flavour and high yield potential (Eduardo et al 2011). Thus,
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cucumbers are hardly grown in fields with soil-borne diseases. Moreover, climate
change had threatened agricultural activities with excessive rainfall variability and
temperature fluctuation. Hence, hydroponic production systems can help farmers
cope with climate change by the increasing growth rate, higher yield, conserving
water, reducing soil-borne diseases, and improving phytochemical contents
(Mampholo et al 2016). In comparison to traditional farming, these allow us to get
to the healthiest plants with higher yields and better quality (Wdowikowska et al
2023).

In China, the organic substrate that contains specific nutrients serves as the
carrier for the substrate-based soilless culture technology, which lowers
cultivation production costs and streamlines farming operations (Li et al 2023).
The aggregate hydroponic system uses an inert medium to support plant growth.
LECA is an inert medium used to support plant growth and provide sustainable
water (Louise 2019). Moreover, Coco-coir is a reusable fiber extracted from
coconut husk that provides good aeration and water retention, reducing watering
and making better use of nutrients (AGRIMAG 2020). Studies have shown that
high-wire crops grown on peat and coir had superior plant development and yield
(Yang et al 2023).In addition, rice hull is an inexpensive alternative to Rockwool
(Miyama 2014) that improves water holding capacity, organic matter content, and
nitrogen contentin plants (Akter 2017).

Aside from a hydroponic system, pruning can also improve cucumber yield by
organizing vegetative growth and fruiting. However, excessive pruning can cause
the plant to stop flowering. Pruning practice is difficult due to limited information
and limited study. However, unpruned cucumber plants can negatively affect the
quality of produce. Hence, Careful pruning is essential for successful pruning to
achieve optimalresults. (Abdel-Wahab 2018) for arecommendation.

Vegetable production had been widely studied in terms of yield and quality
of the harvest. Many techniques and technology are used to help the farmers
produce more qualitative and quantitative crops, as in the soil-less cultivation of
crops under a protective environment and appropriate nutrient management.
However, the sufficient nutritional need of cucumber and other vegetable crops
must be met to enhance by determining the proper and appropriate fertilizer
application. Furthermore, aggregate composition and pruning are new
technologies to help increase cucumber growth, yield, and even quality in a
hydroponic system. Hence, the study was conducted to (a) determine the growth,
yield, and postharvest quality of cucumber as influenced by different aggregate
compositions and pruning techniques; (b) Investigate and compare which of the
pruning techniques and aggregate compositions can best increase the growth,
yield, and postharvest quality of cucumber; and (c) evaluate the cost and return of
cucumber production.
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MATERIALS AND METHODS
Experimental Design and Treatment

The study was conducted at Brgy. Mag-aso, Jaro, Leyte under a protective
structure with 40 m x 5 m x 5 m using bamboo covered with UV plastic roofing. The
experiment was laid in a split-plot in Randomized Complete Block Design with the
pruning techniques as the main plot and the aggregate compositions as the sub-
plot in 3 replications. The treatments under the main plot included Po - Without
pruning, P:- V-cordon pruning, and P-- Five stem pruning. Sub-plot treatments are
as follows: Ti- 4:3:1 Rice hull /coco coir/LECA (v/v/v), T»- 4:3:1 Rice hull/Coco
coir/river sand (v/v/v), Ts- 3:2:1 Rice hull/Coco coir/LECA (v/v/v), and T.- 3:2:1 Rice
hull/Coco coir/river sand(v/v/Vv).

Cultural Management Practices

Japanese cucumber seeds are sourced out from Condor seed company. Seeds
were sown in seedling trays with a 1:1:1 ratio by volume of sterilized garden soil,
decomposed rice hull, and sand. The seedling trays were placed in the nursery for
protection from heavy rain and direct exposure to sunlight. A starter solution of one
tablespoon of urea fertilizer dissolved in 1 gallon of water was applied to the two-
week-old cucumber seedlings. Seedling hardening was done for five days before
transplanting to the pot with the medium. Seedlings were exposed gradually to
sunlight until they experienced a temporary wilting point, and then watering was
done.

Gathering of aggregate materials such as river sand, lightweight expanded
clay aggregates (LECA) and rice hull was first washed thoroughly with tap water,
dried under the sun. While coco coir was submerged with water for 3-5 days to
remove contaminants and exposed to direct sunlight for drying. The aggregated
was mixed with the corresponding ratio by volume and placed inside a pot with a
dimension of 7inx 7 in x 7 in. Transplanting was done three weeks after sowingin
aggregates late in the afternoon to minimize wilting and pursue seedlings’ slow
recovery. The plants were placed inside the protective structure with a planting
distance of 1 mx 1 m between rows and between hills.

Regular fertilization was done using the Visayas State University-Liquid
Nutrient Formulation (VSU-LNF), an inorganic nutrient solution (Salas et al 2019)
developed by agricultural scientists at Visayas State University. Fifty milliliters of
nutrient solution were applied to each plant during the first week and was increased
to 100 mL per plant from the second week until the day before harvest. When wilting
was observed, only water was sprinkled or sprayed to mitigate the day's hot
temperature.

Spraying of pesticides was done to minimize the occurrence of pests and
diseases. The plants, however, were sprayed with insecticide and fungicides at
weekly intervals to control insect pests and fungal infections. Spraying was done
starting from one week after transplanting up to the first flowering. Weeds were
removed regularly by hand. The experimental plants were watered at field capacity
to avoid waterlogging of pots.

The trellising was done using bamboo poles as posts and black twine as the
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ladder for the vine to climb up. The 8 ft bamboo poles were posted 7 ft above the

ground at adistance of 2 ft between multiple posts. Nylon twine was fastened high
to the top of the first end post and then weaved through the top edge of the nylon
fencing, attachingit to the fence post at the other end.

Pruning was done using clean and disinfected scissors. There were two
techniques applied in pruning the Japanese cucumbers: The V-cordon system or
the umbrella system. All lateral branches were pruned for 15 leaf nodes, as they
appear until the main stem was removed when one or two leaves of about 20 cm
long have developed above the wire. Two lateral branches near the top of the plant
are allowed to grow and trained over the overhead wire resulting in two branches
growing downward, and then the growing point of each lateral was removed when
nearly to the ground. The second pruning technique was the fifth stem pruning,
where the primary vines were kept, and then pruning was done to all secondary
vines up to the fifth node. Removal of yellow leaves was also done with such an
incident.

The first harvesting of cucumbers was on 33 to 34 DAT, it was harvested every
afternoon at a one-day interval using clean and sterilized scissors, and the fruits
were placed inside a basin. The marketable fruits were segregated from the non-
marketable ones. The harvesting was conducted until the sixth priming of
cucumber plants.

Data Gathered

Growth, yield and quality parameters of cucumber were gathered. These were
vine length (cm), number of days from transplanting to first staminate and
pistillate flowering, number of staminate and pistillate flowers in each plant, node
number bearing the first flower, number of days from transplanting to first fruiting,
number of days from transplanting to the first harvest, fruit size (cm), number and
weight (Kg) of marketable fruits/plants, number and weight (Kg) of non-
marketable fruits/plants, yield in 200 m” area (Kg), visual quality rating (VQR),
cumulative weight loss, pH, total soluble solids (TSS), titratable acidity (TA),
Vitamin C analysis (Tee et al 1988), and electrical conductivity. The cost and return
were determined by gathering the production cost, gross income and netincome.

Statistical Tool

All data was encoded in Microsoft Excel and subjected to statistical analysis
of variance (ANOVA) using the Statistical Tool for Agricultural Research to
determine whether the different treatments significantly affect the growth, yield,
and fruit quality of cucumber. The tool used for the comparison of means was the
Least Significant Difference orthe LSD at 5% level.
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RESULTS AND DISCUSSIONS
Horticultural Characteristics

Table 1 shows the horticultural characteristics of the Japanese cucumber
variety grown in hydroponic system with different aggregate compositions and
pruning techniques. There was a significant difference in the growth performance
of cucumbers as influenced by pruning techniques. The cucumber with Five stem
pruning (P.) developed female flowers the earliest compared to the rest of the
treatments. Based on the study of Kashiwagi (2009), pruning all secondary vines
up to the fifth vine would ensure enough energy to develop reproductive parts of the
plants such as the flower and fruit. Unpruned plants and those with V-cordon
pruning (P.) exhibited the most significant number of female flowers. There was no
significant difference in the number of days from transplanting to male flowering,
first fruiting, number of staminate/male flower, and the vine length on the first and
second week. This means that pruning techniques and aggregate compositions
did not affect most of the factors for the growth of cucumber. However, this might
be the effect of the root shock and the attack of pest/diseases during the early
vegetative growth. Thus, cucumber plants must be placed directly after
transplanting to where they can well establish their roots and must always be ready
for pest/diseases problems.

Table 1. Horticultural characteristics of cucumber (Cucumis sativus L.) grown in
hydroponic system as influenced by different aggregate compositions
and pruning techniques
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Means with the same letter are not significantly different at 5% level, LSD
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Vine Length of Cucumber

After 16 days from seed sowing, cucumber seedlings were transplanted. Two
weeks interval gathering of vine length was done after the initial application of an
inorganic nutrient solution. The growth of cucumber continuously increased
throughout the growing period since the application of VSU liquid nutrient
formulation application was increased from 50 mL per plant to 100 mL per plant
every day. Figure 1 shows the interaction effect of different aggregate
compositions and pruning techniques on cucumber vine length. A significant
effect was observed during the third and fourth measurements of measuring the
vine of cucumber plants. The cucumber plant is grown with 4:3:1 Rh:Cc:LECA (T\)
under all pruning techniques showed interaction effect and grew taller than all the
treatments on the sixth and 8" weeks of measurement.The aggregate
compositions with LECA are excellent in drainage and moisture retention that can
help plants attain much better growth and development (Vidwans 2015).

In addition, significant interactions were observed on 3 and 4" measurements
since pruning techniques were done before the third week of measuring the vine
length of the plants. Since V-cordon pruning (P:) technique involves removing the
shoot of the main stem; thus, it resulted in smaller plants than those with Without
pruning (Po) and Five stem pruning (P2). It was observed that 3:2:1 Rh:Cc:Rs (T.)
had an interaction with treatments Without pruning (Po) and Five stem pruning (P-)
techniques, while other treatments did not show any interaction. The result
indicated that the ratio of 4:3:1 Rh:Cc:LECA (T:) is more suitable for aggregate
composition on the growth of cucumber plants. Coconut coir proved to have many
benefits as an additive or a growing medium, excellent water holding and aerating
capabilities, improves drainage and water retention (Max 2020). Likewise, with
more ratio of rice hull, there will be much better drainage, aeration, and low
decomposition characteristics (Jayawardana 2016).

Yield and Yield Components

Table 2 shows the yield and yield components of cucumber in hydroponic
system as influenced by different aggregate compositions and pruning
techniques. The aggregate compositions and pruning techniques had no
significant effect on the number of non-marketable fruits and weight per plant.
However, the number of marketable fruits per plant was significantly influenced by
aggregate compositions and pruning techniques. Among the pruning techniques,
the V-cordon pruning (P:) system produced the most significant number of fruits,
followed by Five stem pruning (P2) and Without pruning (Po). Yet the number of
female flowers developed from a week after first fruiting was least on V-cordon
pruning (P:) rather than Without pruning (Po) and Five stem pruning (P). Since
pruning was done a week before harvesting, the effect of V-cordon pruning (P:)
was not immediately observed on the plant developing more female flowers or
fruits. V-cordon pruning (P:) is one of the most commonly arising pruning
techniques allowing two lateral branches to grow.
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Table 2. Yield and yield components of cucumber (Cucumis sativus L.) grown in
hydroponic system as influenced by different aggregate compositions
and pruning techniques

NUMBER OF NUMBER OF WEIGHT OF NON -

TREATVENTS MRETLE  \unerane  FAUTSPLANT
FRUITS/PLANT (kg)
Pruning Techniques:
Po-Without pruning 2.30c 0.26 0.08
P.-V-Cordon Pruning 3.12a 0.2 0.06
P.-Five stem pruning 2.60b 0.23 0.07
Aggregate Compositions:
T1 - 4:3:1 Rh/Cc/LECA 3.33a 0.24 0.09
T2-4:3:1 Rh/Cc/Rs 2.36¢c 0.24 0.07
T3-3:2:1 Rh/Cc/LECA 2.87b 0.26 0.07
T4-3:21 Rh/Cc/Rs 213c 017 0.05
CV(a)% 6.05 118.67 129.38
CV (b) % 9.17 112.18 112.82

Means with the same letter are not significantly different at 5% level, LSD

On the other hand, the other lateral stems and main shoot were pruned when
two leaves have developed above the wire (Thorave 2015). V-cordon pruning (P:)
treatment produced more fruits than the other pruning techniques since only two
lateral branches are permitted to grow. Oga and Umekwe (2015) reported that the
contributor of young leaf and immature fruit yields in both recent and traditional
cultivars of cucumbers was branch production. Unpruned cucumber was observed
to flower three days earlier than the pruned ones. Since V-cordon pruning (P:)
removed almost all lateral branches, it produced more fruits than the unpruned
plants.

Furthermore, aggregate compositions significantly influenced the number of
marketable fruits per plant. A greater number of fruits were observed on plants
grown with 4:3:1 Rh:Cc:LECA (T.), followed by 3:2:1 Rh:Cc:LECA (Ts). While the
aggregate with rice hull+coco coir+river sand shows fewer fruits per plant. The
result on both 4:3:1 Rh:Cc:Rs (T2) and 3:2:1 Rh:Cc:Rs (T.) were comparable.
Lightweight expanded clay aggregate (LECA) showed a fascinating effect on
cucumber plant growth and development. Since LECA has high pore spaces, there
is a better flow of solution through the aggregates, and there is the air-holding
capacity that keeps the root zones oxygenated (Storey 2016). According to Hamid
et al (2022), LECA was found to be suitable as growing media to support the root
structure of plants and is a very adsorptive substrate, which results to a healthy
condition of plants with no nutrient deficiencies and higher yield. Thus, cucumber
plants develop more fruits on aggregates mixed with LECA than those with sand.
Figure 2 shows the interaction effect observed between aggregate compositions
and pruning techniques. All plants with all treatments produced marketable and
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non-marketable fruits. An interaction effect was observed in 3:2:1 Rh:Cc:LECA (Ts)
Without pruning (Ps) and Five stem pruning (P2) compared to V-cordon pruning
(P1). Whileinteractions are shownin 4:3:1 Rh:Cc:Rs (T-) and 3:2:1 Rh:Cc:Rs (T4) with
Five stem pruning (P-) and V-cordon pruning (P:), compared to Without pruning (Po)
treatments, this showed that aggregate compositions with sand showed higher
interaction with the plants that were pruned. However, 3:2:1 Rh:Cc:LECA (Ts) under
Five stem pruning (Pz) and Without pruning (P,) produced significantly larger fruits
in diameter than fruits from 4:3:1 Rh:Cc:LECA (T.), 4:3:1 Rh:Cc:Rs (T2), and 3:2:1
Rh:Cc:Rs (T4) with all pruning techniques.

According to Syamsi (2017), the fruit diameter of cucumber is highly affected
by pruning. It is closely associated with the number of leaves, wherewith ideal leaf
surface produce assimilates, increasing the fruit diameter. However, other studies
stated that pruning produces fruits with a broader diameter than unpruned plants.
The findings are in conformity with the result of Ayala-Tafola et al 2019, where
plant density and pruning of cucumber plants leads to a decreased in diameter of
the fruit. Since V-cordon pruning (P:) only have two branches left with lesser leaves
than Without pruning (P.) and Five stem pruning (P-) it produces broader diameter,
for the number of leaves is closely related to the increase of fruit diameter
(Mardhiana et al 2017). Similar with the findings of Farjon et al 2021, that one of the
visible important aspects (phenotypes) indicating a plant's growth and
development is the number of leaves. It facilitates growth rate estimation and is
associated with the plant's health and yield potential. In this case, Without pruning
(Po) interacted with aggregate compositions of 3:2:1 Rh:Cc:LECA (Ts), where the
outstanding traits of lightweight expanded clay aggregates indeed helped form
good fruits. Since LECA provides excellent moisture retention, fruits under this
aggregate produce undeformed fruits and wider fruit diameter (Sanchez et al
2018). On the other hand, Five stem pruning (P2) on 3:2:1 Rh:Cc:LECA (T)
significantly outsized those Without pruning (Ps) and V-cordon pruning (P:) under
different aggregate compositions. The interaction effect was significant since
pruning aided in distributing the products of photosynthesis, which led to cell
expansion and better fruit characteristics (Chapagain et al 2022), while giving the
right amount of light exposure, nutrients, pH, and EC/TDS measurement to
aggregates with LECA can develop quicker, bigger, and healthier plant (Myron L
2017).

Likewise, Figure 3 showed an interaction effect on the length of cucumber
fruits, aggregate compositions, and pruning techniques. On 3:2:1 Rh:Cc:LECA (Ts)
and 4:3:1 Rh:Cc:Rs (T>) exhibit interaction with all pruning techniques, while on
3:2:1 Rh:Cc:LECA (Ts) and 3:2:1 Rh:Cc:Rs (T.) only showed interaction on Without
pruning (Po) and Five stem pruning (P.), compared to V-cordon pruning (P).
However, 4:3:1 Rh:Cc:LECA (T:) with all pruning techniques produced significantly
longer fruits, likewise with 4:3:1 Rh:Cc:LECA (T:) bear longer fruits, but only under
Without pruning (Po) and Five stem pruning (P-) techniques. According to Mao
2003, greenhouse-grown cucumber is highly influenced by the total volume of
irrigation water at every growth stage. The benefits of LECA in a hydroponic system
can help plants hydrated and absorb water and nutrients that are applied to it,
where plants can use that stored food as per their need (Clark 2005). However, 4:3:1
Rh:Cc:LECA (T.) with V-cordon pruning (P.) obtained longer fruits than other
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Figure 3. Interaction effect of aggregate compositions and pruning techniques
on the fruit length (cm) of cucumber grown (Cucumis sativus L.) in
hydroponic system.
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Figure 4 shows the interaction between aggregate compositions and pruning
techniques on the weight of cucumber grown in hydroponic system. Interactions
manifested in all aggregate composition, but only 4:3:1 Rh:Cc:LECA (T:) had an
interaction effect on all pruning techniques under Without pruning (Po), V-cordon
pruning (P1), and Five stem pruning (P-). Other aggregate treatments such as 3:2:1
Rh:Cc:LECA (Ts) and 3:2:1 Rh:Cc:Rs (T.) observed to interact with Five stem pruning
(P2) and V-cordon pruning (P:) only, while 4:3:1 Rh:Cc:Rs (T-) showed interaction
with Without pruning (Ps) and V-cordon pruning (P:) techniques, compared with
Five stem pruning (P2). 4:3:1 Rh:Cc:LECA (T:) with V-cordon pruning (P:) produced
significantly heavier fruits per plant than Without pruning (Po) and V-cordon
pruning. The data show that 4:3:1 Rh:Cc:LECA (T:) with V-cordon pruning (P:)
enhanced the fruit weight of cucumbers. According to Syamsi (2017), Cucumber
pruning can produce a better fruit weight than cucumber Without pruning (Po). This
study also showed new information that pruning on the main stem could increase
the quantity (fruit weight) since V-cordon also included main stem pruning,
resultingin a much heavier fruit.
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Figure 4. Interaction effect of aggregate compositions and pruning techniques
on the weight of marketable fruits/plant (kg) of cucumber (Cucumis
sativus L.) grown in hydroponic system
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Figure 5 shows the interaction between aggregate compositions and pruning
techniques on the yield (Kg) per 200 m’ of cucumber. It appears to interact with the
treatment of aggregate composition and pruning techniques. Likewise, there were
interactions on the weight of marketable fruits/plants on 4:3:1 Rh:Cc:LECA (T,),
4:3:1 Rh:Cc:Rs (T2), 3:2:1 Rh:Cc:LECA (Ts) and 3:2:1 Rh:Cc:Rs (T.). Aggregate
compositions of 3:2:1 Rh:Cc:LECA (Ts) and 3:2:1 Rh:Cc:Rs (T.) showed interaction
with Five stem pruning (P-) and V-cordon pruning (P:). On the other hand, 4:3:1
Rh:Cc:Rs (T-) appeared to interact with treatment Without pruning (Po) and V-
cordon pruning (P:) techniques. Moreover, 4:3:1 Rh:Cc:LECA (T:) under Without
pruning (Po), Five stem pruning (P-), and V-cordon pruning (P:) obtained the
highest yield per 200 m’ (Kg), compared to the other aggregate compositions and
pruning techniques. Furthermore, the V-cordon pruning (P:) technique produced
heavier fruits in all aggregate compositions, 4:3:1 Rh:Cc:LECA, 4:3:1 Rh:Cc:Rs (T2),
3:2:1 Rh:Cc:LECA (Ts) and 3:2:1 Rh:Cc:Rs (T4), than under Without pruning (Po) and
Five stem pruning (P-). This means that adding a higher ratio of rice hull combined
with one less volume of coco coir and lesser lightweight expanded clay aggregate
affects the development of Japanese cucumber in producing heavier fruits.
According to Paul et al (2022), silicon included in rice hulls is beneficial for plant
development, higher yield, and resistance to biotic and abiotic stresses. Hence, it
ultimately increase crop yield when incorporating rice hull and rice straw (Milla et
al 2013). Moreover, coco coir had a high cation exchange rate that helps the
nutrients be stored and released if needed. Coir promotes or encourages beneficial
bacteria, not harmful bacteria, because of the compound lignin, and it is abundant
in hormones and bio stimulants that can promote better growth, higher yields, and
less disease (Marshall 2019).
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Figure 5. Interaction effect of aggregate compositions and pruning techniques on
the yield per 200 m2? (kg) of cucumber (Cucumis sativus L.) grown in
hydroponic system
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Postharvest Quality of Cucumber

One of the key factors in producing and promoting horticultural commodities is
the quality (Cortbaoui 2015). Figure 6 shows that the visual quality of cucumber
declines from day 1 to day 13 in ambient temperature. Results revealed that pruning
techniques such as Without pruning (Po), V-cordon pruning (P:), and Five stem
pruning (P-) significantly affected the visual quality of cucumber fruits on day 7.
Where V-cordon pruning (P:) exhibits lesser visual quality changes and can still be
marketable, compared to treatment Without pruning (Po) and Five stem pruning (P-)
showed high visual quality loss at day 7, which already gain minor defects. On
pruning techniques, results reveal that V-cordon pruning (P.) leads to a lesser
visual quality loss in all aggregate composition treatments stored from day 1 to day
13 at ambient temperature. The pre-harvest factor is significant to cucumber shelf
life. If fruits are well exposed to sunlight during growth and have well-maintained
leaf populations (Bayer 2021) can lead to unshaded fruits that significantly improve
chlorophyll content leading to darker fruits and longer shelf life (Gordon 2010).
Hence, V-cordon pruning (P:) maintained only two branches and few leaves, which
exposed well the fruits to light improving the chlorophyll content of the fruits. In
addition, aggregate compositions 4:3:1 Rh:Cc:LECA (T:), 4:3:1 Rh:Cc:Rs (T2), 3:2:1
Rh:Cc:LECA (Ts) and 3:2:1 Rh:Cc:Rs (T4) significantly differed in cucumber’s visual
quality rating stored on day three and day 13 upon storage. Visual quality loss in
4:3:1 Rh:Cc:LECA (T:) was observed to be significantly lesser among all aggregate
compositions on cucumbers stored at day 3 and day 13. The availability of
nutrients is one cultural component that affects the cucumber rapid fruit growth
and its greenness at harvest, both of which increase shelf life (Hurr et al 2009).
Hence, the high cation exchange rate of coir helps store and release nutrients
(Marshall 2019). The Rice hull had a water-holding capacity, increasing organic
matter and nitrogen in plant tissues (Akter 2017). Lastly, the porous and water-
absorbent lightweight expanded clay aggregates (LECA) provide the plant with
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sustainable water (Louise 2019) and induce rapid fruit growth that increases shelf
life. Days 1,5,9,and 11 showed no significant difference among all treatments.

Figure 6. Visual quality rating of cucumber fruits grown in hydroponic system as
influenced by aggregate compositions and pruning techniques
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Figure 7 shows the significant difference in weight loss of cucumber, where
weight loss increases as temperature constantly arises under 29.72°C as days of
storage increase. On pruning techniques, Without pruning (Ps) and Five stem
pruning (P2) shows a comparable effect on weight loss of cucumbers on storage
days 5 to 13. Without pruning (Po) and Five stem pruning (P.) obtained higher
weight loss compared to V-cordon pruning (P.), which exhibits lesser weight loss
from 5 to 13 days of storage. This means that pruning the main stem and leaving
two lateral branches before the plants reach above the trellis wires provide fruits
with traits of lesser weight loss, since pruning enhances yield, quality and
marketable yield in the matter of size and weight of fruits of cucumber (Garba et al
2020). Furthermore, aggregate compositions significantly influenced cucumber
fruits based on their weight loss under storage at day 1. The fruits produced from
plants grown from ratio of 4:3:1 Rh:Cc:LECA (T.) shows higher weight loss among
all aggregate treatments, followed by 3:2:1 Rh:Cc:LECA (Ts). While 4:3:1 Rh:Cc:Rs
(T2) and 3:2:1 Rh:Cc:Rs (T.) showed comparable influence on cucumber's weight
loss, they have lesser weight loss than aggregate compositions with lightweight
expanded clay aggregate. Day 3 of cucumber on storage showed no significant
effect on weight loss of both pruning techniques and aggregate composition. This
means within a 3 days storage time; the fruits do not exhibit yet a high percent of
weight lossin all pruning techniques and aggregate composition. Thus, fruits from
all treatments are still marketable from 3 days stored cucumber fruits which
showed less weight loss.
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Figure 7. Weight loss of cucumber fruits grown in hydroponic system as influenced
by aggregate compositions and pruning techniques
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Table 3 shows that the titratable acidity (TA) and Vit. C of cucumber fruits were
significantly influenced by pruning. The titratable acidity of cucumber fruits in V-
cordon pruning (P:) was significantly higher among all other pruning techniques.
This was also observed on the study of Asrey (2012) on mango, where the pruned
mango resulted to higher titratable acidity than the unpruned mango. On the other
hand, the results revealed that Vit. C of treatment Without pruning (Po) was
significantly higher compared to Five stem pruning (P-) and V-cordon pruning (P:).
The same result was observed on the study of Aroucha et al (2016) on melon, where
theresultof pruned melon had lesser Vit. C content than the unpruned plants.

Furthermore, among all chemical characteristics of cucumber fruits, Vit C only
showed significant results in all aggregate compositions. These data suggest that
V-cordon pruning (P.) enhanced the titratable acidity of cucumber fruits, while
Without pruning (Ps) enhanced Vit. C content of cucumber fruits. This result was
likely similar to Aboagye-Nuamah et al. (2018), that titratable acidity and Vit. C may
not correlate with each other's results. In his study, Vitamin C content was higher
on fresh fruits of tomato than the dried fruits, while the result of titratable acidity
was slightly higher in dried fruits than the fresh tomato fruits. In addition, the ratio
of aggregates 4:3:1 rice hull, coco coir, and river sand significantly exhibit higher
Vit. C content, followed by 3:2:1 Rh:Cc:LECA (Ts) and lastly 4:3:1 Rh:Cc:LECA (T))
and 3:2:1 Rh:Cc:Rs (T.). In the study of Lee et al (2000), conditions favorable to
water loss led to accelerated loss of Vit. C. As we can observe in Figure 9, 4:3:1
Rh:Cc:Rs (T2) obtained higher water loss or shriveling of fruits, which means fruits
under 4:3:1 Rh:Cc:Rs (T.) were subject to higher Vit. C losses than the other
aggregate compositions.
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Table 3. Chemical characteristics of cucumber fruits grown in hydroponic system as
influenced by different aggregate compositions and pruning techniques.

TREATMENTS pH (SE%) TSS ( °Brix) ( g/]ggml) VIT.C (mg)

Pruning Techniques:

Po-Without pruning 5.74 242 1.67 1.20b 0.09a
P:-V-Cordon Pruning 5.74 237 1.58 1.49 0.06b
P.-Five stem pruning 5.8 234 1.58 1.09b 0.07b
Aggregate Compositions:

T1 - 4:3:1 Rh/Cc/LECA 5.76 2.37 1.62 1.22 0.07ab
T2-4:3:1 Rh/Cc/Rs 5.68 2.32 1.58 1.37 0.08a
T3-3:2:1 Rh/Cc/LECA 5.76 24 1.64 1.25 0.07ab
T4-3:2.1 Rh/Cc/Rs 5.86 241 1.6 1.19 0.06b
CV(a) % 322 8.02 11.09 54.84 15.45
CV (b) % 222 6.53 11.87 16.47 15.06

Means with the same letter are not significantly different at 5% level, LSD

Cost and Return Analysis

Table 4 shows the cost and return analysis of Japanese cucumber grown in
hydroponic system as influenced by different aggregate compositions and
pruning techniques. Among the three pruning techniques, the V-cordon pruning
(P:) numerically attained a highest net income than the Five stem pruning (P-) and
Without pruning (Po). Japanese cucumber grew with 4:3:1 ratio by volume of rice
hull; coco coir and lightweight expanded clay aggregate obtained the highest
gross and netincome, among all pruning techniques, such as Without pruning (Po),
V-cordon pruning (P:), and Five stem pruning (P). In continuation, the aggregate
ratio of 4:3:1 Rh:Cc:LECA (T:) acquired a net income of 5,801.87 for Without
pruning (Po), 8,219.47 for V-cordon pruning (P:), and 5,881.69 for Five stem
pruning (P2). V-cordon pruning (P:) gained the highest net income of 6,496.14,
while 4:3:1 Rh:Cc:LECA (T:) obtained the highest net income compared to 4:3:1
Rh:Cc:Rs (T:), 3:2:1 Rh:Cc:LECA (Ts) and 3:2:1 Rh:Cc:Rs (T.) aggregate
compositions.

The net income in 200 m? area (Kg) was statistically analyzed, as shown in
Table 5. Pruning techniques and aggregate compositions significantly influenced
the net return of cucumber grown in hydroponic system. Likewise, cucumber in V-
cordon pruning (P:) significantly obtained the highest net income among other
pruning techniques, such as Without pruning (Po) and Five stem pruning (P-). It was
also statistically confirmed that 4:3:1 Rh:Cc:LECA (T.) statistically gained the
highest net income among all aggregate compositions. This means that using
aggregate compositions of 4:3:1 Rh:Cc:LECA (T:) can help increase the cucumber
production’s revenue much more with a V-cordon pruning (P:) system.
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CONCLUSIONS

Based on the results obtained, the study concludes thatinterms of plant growth
4:3:1 Rh:Cc:LECA (T.) produced the longest vine length in all pruning techniques
(Without pruning (Ps), V-cordon pruning (P:) and Five stem pruning (P-)). Morever,
early female flowering was observed on cucumber under Five stem pruning (P2). In
terms of yield of cucumber, it was highly influenced by aggregate composition and
pruning techniques. 4:3:1 Rh:Cc:LECA (T:) with V-cordon pruning (P.) techiques
produced more cucumber fruits, while the lowest number of fruits was obtained in
3:2:1 Rh:Cc:Rs (T+) and 4:3:1 Rh:Cc:Rs (T2) cucumbers Without pruning (Po). Larger
fruit diameter of cucumber was attained in 3:2:1 Rh:Cc:LECA (Ts) with Five stem
pruning (P2). The longest fruit length and heaviest fruit weight was obtained in 4:3:1
Rh:Cc:LECA (T:) with V-cordon pruning (P.). In addition, V-cordon pruning (P:)
produced heavier fruits in all aggregate compositions. While 4:3:1 Rh:Cc:LECA (T,)
obtained the highest yield per 200 m* (Kg) in all pruning techniques. Likewise,
lesser visual quality loss was obtained in 4:3:1 Rh:Cc:LECA (T.) with V-cordon
pruning (P:). However, 3:2:1 Rh:Cc:Rs (T.) and 4:3:1 Rh:Cc:Rs (T2) had lesser weigth
loss than 4:3:1 Rh:Cc:LECA (T.) and 3:2:1 Rh:Cc:LECA (Ts). Moreover, titratable
acidity of cucumber was higher in V-cordon pruning (P:) than the other pruning
techniques. While Vit. C content was higher in cucumber Without pruning (Po).

The pruning technique that best increased the growth, yield and quality of
cucumber was V-cordon pruning (P:) that had the higher number of female flowers,
higher quantity of fruits, longer and heavier fruits, lesser visual quality loss and
higher titratable acidity. While, the best aggregate composition that increased the
growth, yield and quality of cucumber was 4:3:1 Rh:Cc:LECA (T:) base on number of
female flowers, quantity of fruits, length and weight of fruits, visual quality and
highestyield per 200 m* (Kg).

The cucumber production under a protective structure using hydroponic system
had cost of 12,246.36 with a mean of 1,020.53 each treatments. While, the net
income was 50,215.97. The net income mean of was 4,675.17 in Without pruning
(Po), 6,496.14 under V-cordon pruning (P:), and 4,445.03 Five stem pruning (P-).
Furthermore, application of 4:3:1 Rh:Cc:LECA (T.) in all pruning techniques gave the
highes net income, while V-cordon pruning (P:) gave the highest netincome under
all aggregate compositions.

RECOMMENDATIONS

For further improvement, a similar study should be conducted on different
varieties, season and agro-climatic conditions following the treatment
combinations used in the study in order to verify the obtained results. The
aggregate composition 4:3:1 Rh:Cc:LECA (T:) and V-cordon pruning (P.) technique
isrecommended for optimum Japanese cucumber production.
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