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Future Science Association Abstract: Limes are considered an important citrus fruit, and their
importance increases due to their medicinal properties, which have
been passed down through different civilizations and cultures. Lime
farms in Egypt are currently suffering from a serious problem that has
led to the removal of many trees and orchards, especially in the Beheira
Print ISSN: 2692-5826 region. It has been observed that with this problem, the trees that
Online ISSN: 2692-5834 undergo stimulating drought Wit.hho_lding Watgr fora perio_d of time to
produce an off-season crop, which is the basis for most lime farmers
to obtain economic returns, collapse completely and die within a
period of 3-6 months. Therefore, the aim of this research, during the
two successive seasons 2021 and 2022, was to induce lime orchards to
flower out- of-season without holding irrigation water. Five different
treatments were used without holding water as follow: T1: Control,
T2: Red light (light intensity 20um/ m?/ second for 4 continuous
hours), T3: Paclobutrazol 3.5 g/ tree as soil addition + (potassium
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treatment was superior in terms of early flowering, as flowering began

one week after treatment, and the yield values were 19.33, 20.58

= kg/tree in the first and second seasons, respectively. Moreover, the

highest fruit weight and fruit juice percent were recorded with the red
light treatment when compared with control or other treatments. This
method was more distinctive in terms of sustainability, environmental
aspects, and long-term economic benefits. On the other hand, total
carbohydrates, N and C concentrations and then C/ N ratio were
determined and reflected varied response with varied treatments.
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1. Introduction

Nearly as important as sweet oranges and mandarins are citrus fruit crops, including acid lime. It
has high antioxidant qualities and is a good source of vitamin C. According to the Ministry of
Agricultural 2024 report, the total acid lime cultivated area is 49515 feddan and the total production is
410525 tons. It is noticeable that, the prices of acid lime are high out- of- the season and this is a natural
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behavior for trees, as it is off- season crop, so farmers resort to trying to increase this crop outside the
season to increase the economic return.

Moreover, numerous crops, like acid lime, that bloom multiple times a year without a rest period
do not consistently deliver high- quality fruit (Lal et al., 2017). Several horticulture techniques, such as
girdling, ringing, pruning, the application of plant growth regulators, and crop regulation techniques,
can be used to control citrus flowering and produce high-yield, superior-quality fruits during the
appropriate season (Mahesha and Singh, 2018 and Lal et al., 2017).

Flowering induction is a highly regulated developmental process in plants that involves the
integration of external signals such as light and internal physiological conditions. While photoreceptors
such as phytochrome detect the primary light signal, the subsequent cascade that converts this signal
into a change in gene expression depends on a variety of physiological components (Trivellini et al.,
2023). Mineral acts as second messengers in plant cells, connecting light sensing to blooming. The link
between red light and mineral elements in the stimulation of flowering is two-fold. Calcium serves as a
short- lived second messenger in the phytochrome signaling pathway (Tripathy and Roux, 2023).
Phytohormones, Ca?*, sucrose, proteins, and microRNA (miRNA) are the signal components that
connect the light perception/ transduction pathway to the following optimization of nutrition absorption
and utilization (Xu et al., 2021).

Light quality influences genes expression involved in growth and development by activating
photoreceptors signal cascades, including phytochromes, cryptochromes, and phototropins (Giliberto
et al., 2005). Light is an essential environmental component for plant growth and development because
it provides an energy source for carbon fixation during photosynthesis and regulates other physiological
processes through its signaling. Light also regulates blooming by affecting phytochromes and including
or preventing photoperiodic plants (Trivellini et al., 2023).

Although these reactions vary by plant species, red wavelengths typically have a strong effect
on plant development and photosynthetic capability (Kasajima et al., 2008). Red light has an impact on
characteristics such as stem elongation, photosynthetic system, leaf extension, and chlorophyll content
(Szopa et al., 2018).

Signaling molecules known as plant growth regulators control the plant cell division, flowering
and the development of fruits (Talaat, 2023). Cycocel and paclobutrazol (PBZ), two growth retardants,
have an antigibberllin action that inhibits vegetative growth and encourages early blooming (Deshmukh
et al., 2016). It has been discovered that cycocel works incredibly well in creating stress, including
flowering (Lal et al., 2017). Paclobutrazol (PBZ) treatment improves antioxidant potential, minimizes
biennial bearing issues, limits plant development, reduces internodal length, inhibits shoot elongation,
reduces leaf area, and boosts root to shoot ratio. It is said to be effective at inducing flowering in various
tropical, subtropical, and temperate fruit crops (Lal et al., 2023). Because of its low solubility and long-
term residual activity, PBZ is usually administered to the soil as opposed to other retardants, which are
commonly employed as foliar spray (Gollagi et al., 2019).

Although both cycocel (CCC) and paclobutrazol (PBZ) have a clear effect on inducing flowering
in plants, both face global restrictions and varying regulations. Some countries, such as Sweden, have
banned PBZ due to environmental and health concerns, while others, such as the U.S., china, India, and
Brazil, allow limited use with ornamentals, turf, and certain food crops, balancing agricultural benefits
with safety. Regulations focus on Maximum Residue Limits (MRLS) in food and application methods,
with certain locations allowing significantly lower or zero tolerance (EFSA, 2010, 2016 and 2018).

The objective of this study was to induce flowering of acid lime trees without holding of irrigation
water which leads to trees collapse in lime planted area in El-Beheira region suffering from a serious
problem, as well as finding a method that has no harmful impact on trees and is safer for public health,
humans, and the environment compared to the usual methods.

2. Materials and Methods

The current study was conducted at a private citrus orchard in Badr center area, El-Beheira
Governorate, Egypt during two consecutive experimental seasons in 2021-2022. Acid lime trees (Citrus
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aurantifolia Swingle) five years old grown in sandy soil planted at 6x 7 m under drip irrigation system,
were used to investigate the influence of red light, plant growth regulators as well as some nutrients
under study on yield and fruit quality. Forty-five trees (three replicates with three trees at each replicate)
were subjected to five investigated treatments without holding water irrigation as follows:

1. Control (Uniform fertilizer program).

2. Red light (light intensity 20 um/ m?/ second for 4 daily continuous hours).

3. Paclobutrazol 3.5 g/ tree + potassium nitrate 0.2%+ Zn 0.3 %+ B 0.1% (Deshmukh et al., 2016).
4

Cycocel 1000 ppm+ salicylic acid 200 ppm (Prabhu et al., 2017 and Thirugnanavel et al.,
2007).

5. Flowering agent (1.5 % NAA+ 0.3% NAAM+ 0.3% Beta naphthyloxyacetic acid+ 97.9 % other
additives) 50mg / 100 liter + potassium nitrate 0.2%+ Zn 0.3 %+ B 0.1% (Arunadevi et al.,
2019).

All treatments were applied as foliar sprays at the first week of October for each season except
paclobutrazol treatment which was added as soil addition at the same date as well as red light treatment.
The red light treatment was used for four consecutive hours after sunset until the first flowering of the
treated trees appeared. Note that the wavelength of red light is 600-700 nm (Chen et al., 2024). The
spotlight used for supplemental lighting has a light intensity of 12000 lux, covering an area of 1400/ m?
at a minimum intensity of 20 um/ m? second- Light intensity was measured with a portable lux meter-
H197500- Hanna instruments (um/ m?/ second (PPFD) = lux/ 5). Four spotlights can be used to cover
an area of one feddan. There were 45 trees in all since each treatment was duplicated three times using
a complete randomized block design, with three trees for each replicate. Forty-five trees (five treatments,
three replicates, and three trees in each replication).

2.1. The following parameters were investigated:

2.1.1. Number of days: Number of days required for first flowering after treatments application.

2.1.2. Fruit Set: Twenty randomly chosen shoots from each treatment tree were used to calculate the
initial fruit set at the pea size stage, which was then expressed numerical form. According to Prabhu et
al. (2017), the fruit set was computed and expressed in percentage at the pea stage as follows:

Number of fruits
Fruit set percentage = X 100
Total number of fruits formed at initial stage

2.1.3. Yield: Each tree's fruits were collected during the second week of April, and the yield was
calculated as the quantity of fruits and their weight in kg.

2.1.4. Fruit quality: A representative sample of ten fruits from each replication was collected at harvest
time, and the following traits were determined:

2.1.4.1. Fruit physical properties: Average fruit weight (g) and fruit juice percent % (w/ w) were
measured.

2.1.4.2. Fruit chemical properties: According to A.O.A.C. (1995), TSS %, acidity % (as mg citric
acid/100 cm? juice), TSS/ acid ratio and vitamin C (ascorbic acid as mg/100 ml juice) were calculated.

2.1.5. Leaf chemical composition: According to Miller (1959), 3,5-dinitrosalicylic acid was used to
measure the total carbohydrates in the dry matter of the leaves. N and C concentrations were determined
in dry matter of leaves at the end of experimental. Total N% was determined by semimicro Kjeldahl
method described by Plummer (1971). Organic carbon was determined in dried leaves according to
Jackson (1973) and then C/N ratio was calculated.

2.1.6. Statistical analysis: In accordance with Snedecor and Cochran (1980), the obtained data was
statistically analyzed to determine the analysis of variance and significant variations between means.
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Using the COSTAT computer program, the multiple comparisons of means were carried out in
accordance with Duncan’s multiple test range (Duncan, 1955).

3. Results and Discussion
3.1. Number of days required for first flowering

Data presented in Table (1) demonstrated that, the minimum number of days for first flowering
(first emergence of flower-bud) was obtained with red light treatment (T2) only after 7-8 days from the
red light treatment in the two experimental seasons, respectively as compared with control or other
treatments.

Table (1). Effect of red light, some plant growth regulators and some nutrients on number of days
to first flowering, fruit set and fruit physical properties of acid lime

2021

No. of days to first Fruitset | Fruityield Average fruit Fruit juice

Treatments flowering (a days) (%) kg/ tree weight (gm) percent (%)
T1 40a 32.03e 12.20c 37.24 ¢ 41.81e
T2 7d 77.01a 19.33b 60.22 a 55.53a
T3 36b 39.71d 13.25¢ 42.74 b 52.82b
T4 1llc 54.16 c 23.00a 40.78 c 51.32¢
T5 40a 7347b 6.6d 39.88d 48.28 d

2022

T1 41a 33.90e 13.56 ¢ 34.68 ¢ 46.03d
T2 8d 85.61 a 20.58 b 66.48 a 57.01a
T3 32b 44.18d 1412¢c 44.46 b 52.54 b
T4 16 ¢ 55.72 ¢ 24.82 a 39.43d 49.68 c
T5 41a 68.80 b 7.33d 45.69 b 50.18 ¢

According to Duncan's multiple range tests, there was no difference at p<0.05 between the means in every column that fallowed by the same
letter's.

Treatments key:

T1: Control (Uniform fertilizer program).

T2: Red light (light intensity 20 um/ m?/ second for 4 continuous hours).

T3: Paclobutrazol 3.5 g/ tree + potassium nitrate 0.2%+ Zn 0.3 %+ B 0.1%.

T4: Cycocel 1000ppm+ salicylic acid 200 ppm.

T5: Flowering agent (1.5 % NAA+ 0.3% NAAM+ 0.3% Beta naphthyloxyacetic acid+ 97.9 % other additives) 50mg / 100 liter + potassium nitrate 0.2%+ Zn 0.3
%+ B 0.1%.

The number of days until the first flowering is a key parameter that determines whether a crop is
late or early. It is impacted by various elements such as genetic, environmental, physiological, dietary,
hormonal, and cultural (Thirugnanavel et al., 2007). Also, in citrus, yield and fruit quality are strongly
dependent on flowering intensity, hence in many circumstances, its regulation is very important to
improve the crop (Agusti et al., 2022).

Data in hand are in harmony with those mentioned by Baguma et al. (2023) who found that, red
light photoperiod extension caused early blooming and increased flower formation and fruit set in
Ugandan cassava genotypes grown in field circumstances, where cassava breeding is dependable,
synchronous, and prolific.

In this respect, modulating the light spectrum, in particular, allows for the regulation of light transduction
mechanisms and manipulation of certain plant traits like as flowering induction, elongation, branching,
secondary metabolites, nutritional status, seedling development, and cell proliferation (Xu, 2020).
Moreover, lights, particularly red light, acts as crucial environmental cues, regulating plant development
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and physiology via photoreceptors (Casson and Hetherington, 2014). Phytochromes, a type of light
receptor in plants, come in two main forms: inactive red light- absorbing (pr) and active far red light-
absorbing (pfr) Smith, 2000. Photoreceptors sense the light environment and hence aid plants in
determining the time of critical developmental events like as flowering and seed germination (Kami et
al., 2010). The phytochrome photoreceptor lies at the heart of the precisely calibrated biochemical
process that links red light to flowering induction. Red light activates phytochrome B (phyB), which is
then transported to the nucleus. Inside the nucleus, the active phyB-pfr from controls a complex
signaling network that includes the degradation of repressors (such as PIFs) and the stability of the
master blooming transcription factor, CONSTANS (CO). The ensuing accumulation of CO protein
causes the production of mobile signal flowering locus T (FT), which eventually initiates the
developmental switch to flowering at the shoot apex. This route guarantees that plants flower only when
the ambient light circumstances are ideal for reproductive success (Izawa et al., 2002). It is probable
that Phy B, red light photoreceptor, can behave antagonistically to control blooming in response to light
in distinct tissues (Blazquez et al., 2003).

3.2. Fruit set

The highest values of fruit set were obtained by T2 (red light) followed by T5 (flowering agent
compound treatment) as compared with control or other treatments during the two experimental seasons
(Table 1).

In this respect, genotypes that rarely flower were more responsive in forking and flowering time,
as evidenced by fewer days to first branching, lower height and number of nodes at first branching. Red
light exposure also increased the number of branching levels, proportion of pistillate flowers, and their
relationship with fruit set (Baguma et al., 2023). Fruit set is the process by which a bloom develops into
a fruit. It determines the amount of fruits on the plant, and hence has a significant impact on agricultural
yield. Low fruit set, caused by excessive flower and fruit abortion, and reduces production in many
crops (Chen et al., 2024).

Also, the increasing of fruit set percentage using red light treatment (Table 1) may be due to an
increase in carbohydrates concentration as will be discussed later.

In this respect, the light spectrum has a significant influence on carbohydrate status (Heo et al.,
2006). A part from hormones, carbohydrates play an essential function in fruit set (Chen et al., 2024).
Moreover, experiments in controlled environments are commonly used to study fruit set and its
underlying mechanisms, including genetic analysis, carbohydrate and hormone profiling (Ezura et al.,
2023).

For the role of flowering agent (T5), NAA administration resulted in increased fruit set due to the
improved nutritional quality of shoots, which provided better opportunity to set a larger number of fruits
(Arunadevi et al., 2019). Auxin is hormone found naturally in plants. It regulates a range of
physiological processes as well as plant expression and growth. NAA's impact on cell elongation causes
enhanced cell enlargement, division, and differentiation, which affects the quantity of flowers, fruit set,
fruit size and weight (Roopa et al., 2023).

3.3. Yield

As regard to fruit yield, the data in Table (1) revealed that, in the two experimental seasons the
highest values were obtained by T4 (cycocel 1000ppm+ salicylic acid 200 ppm) followed by T2 (red
light treatment) as compared with control.

Similar results were obtained by Mabhalle et al. (2010) who reported that, in Hasta Bahar acid
lime flowering (September and October), two sprays of cycocel 1000 ppm at a one month intervals
before the initiation of flowering, that is in August and September, produced the maximum yield in
terms of number of fruits/ tree, weight of fruits/ tree and this treatment also improved the fruit quality
in terms of fruit juice percent, TSS, acidity, ascorbic acid content, peel and pomace%.
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In this respect, also the effect of T4 (cycocel 1000ppm+ salicylic acid 200 ppm) on yield may be
due to the role of salicylic acid (SA) which is essential for the growth and development of plants
(Sharma et al., 2023). By increasing cell size and division and changing differentiation patterns, two
intriguing stimulators that may enhance date growth are GAs and salicylic acid (Prakash et al., 2022).
As regard to the effect of T2 (red light), the ability to control the light-growing environment by selecting
specific wavelengths allows for the manipulation of specific plant morphological traits that have
significant productive benefits for the horticultural industry, such as early flowering, continuous
production, predictable yield, and plant habitus (rooting and branching) Paradiso et al. (2021).

On the other hand, despite the increase in fruit set in trees treated with flowering agent treatment
(T5), a decrease in the yield of these treated trees was observed, and this may be due to a deficiency in
both total carbohydrates and carbon concentrations as will be explained later, since each of them has an
effect on flowering and fruit set, and therefore the fruit yield.

In this respect, carbohydrates are used to build and develop citrus trees' blossoms and fruit
(Monerri et al., 2011). Moreover, carbohydrate consumption has been frequently highlighted as a
component that promotes blooming. In alternate bearing varieties, carbohydrates deplete in all tree
organs after a year of heavy cropping, and no blooms are produced the following season (Martinez -
Alcéntara et al., 2015). There is no evidence that the carbohydrate content of leaves, branches, and
roots influences flowering, but there could be an indirect effect (Agusti et al., 2022). Also, the carbon
deficit, an early fruit drop factor, raised ABA and ethylene levels, causing abscission (Gémez-Cadenas
et al., 2000).

Also, the loss in fruit yield, despite the higher fruit set percentage owing to flowering agent
treatment (T5), could be related to auxin's role in vegetative growth. Whereas, spraying auxins before
flowering promotes vegetative growth in the plant, as the best time to spray NAA is before flowering
and the stage of small fruitlets, as is known and previously proven from previous research.

In this respect, auxin is fascinating since it appears to control the majority of plant growth and
developmental responses (Weijers and Wanger, 2016). Auxin regulates cell division and expansion at
the molecular level, influencing plant growth and development. Unlike auxin, which is typically
regarded as a growth hormone. The many constraints that auxin imposes on cell division and
development are critical to many aspects of these processes (Roopa et al., 2023).

Yield is the result of the interaction of various elements, including biochemical, physiological
characteristics, and yield parameters. The goal of all cultural activities is to modify them and increase
the yield (Thirugnanavel et al., 2007). Yield —attributing factors such as the number of fruits per tree
and average fruit weight contribute to average yield (Deshlehra et al., 2022).

3.4. Fruit quality
3.4.1. Fruit physical properties

Concerning average fruit weight and fruit juice percent data presented in Table (1) illustrated that,
during both of the experimental seasons the highest values of average fruit weight and fruit juice percent
tended to be recorded with red light treatment when compared to control.

In this respect, the photosynthetic process is greatly impacted by red light, which both increases
the amount of chlorophyll and inhibits the mobilization of carbohydrates from source organs (Dou et
al., 2017). Fruit volume and fruit weight are directly influenced by fruit juice percent (Deshlehraet al.,
2022).

3.4.2. Fruit chemical properties

Data represented in Table (2) revealed that, the highest values of vitamin C were recorded by
T4 (Cycocel 1000ppm+ salicylic acid 200 ppm) and T5 ((Flowering agent ;1.5 % NAA+ 0.3% NAAM+
0.3% Beta naphthyloxyacetic acid+ 97.9 % other additives) 50mg / 100 liter + potassium nitrate 0.2%+
Zn 0.3 %+ B 0.1%)) when compared with control or other treatments.
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Table (2). Effect of red light, some plant growth regulators and some nutrients on acid lime fruit
chemical properties

2021
Treatments (\nlwg}ar;(])lgn(w:l) -(I;ig A?('Jz |)ty TSS/ acid ratio
T1 32.67 cd 7.00a 6.95b 1.010a
T2 30.83 d 7.05a 6.88b 1.030a
T3 34.34 be 6.80 a 7.11b 0.960 b
T4 39.70 a 6.50 b 7.83a 0.830 ¢
TS5 36.02 b 7.00a 7.03b 0.996 ab
2022
T1 37.53¢ 7.15a 7.61b 0.940b
T2 32.67d 7.00 a 6.68 c 1.050a
T3 41.38 ab 6.00 c 6.81c 0.881c
T4 40.20 b 6.75b 7.93a 0.851¢c
T5 42.55a 7.00a 6.76 C 1.036a

According to Duncan's multiple range tests, there was no difference at p<0.05 between the means in every column that fallowed by the same
letter's.
Treatments key:
T1: Control (Uniform fertilizer program).
T2: Red light (light intensity 20 um/ m?/ second for 4 continuous hours).
T3: Paclobutrazol 3.5 g/ tree + potassium nitrate 0.2%+ Zn 0.3 %+ B 0.1%.
T4: Cycocel 1000ppm+ salicylic acid 200 ppm.
T5: Flowering agent (1.5 % NAA+ 0.3% NAAM+ 0.3% Beta naphthyloxyacetic acid+ 97.9 % other additives) 50mg / 100 liter + potassium nitrate 0.2%+ Zn 0.3
%+ B 0.1%.

In this respect, the rise in ascorbic acid content could be attributed to plant growth regulators
breaking down organic acids into sugars during fruit ripening (Arunadevi, 2019). The rise in ascorbic
acid content following NAA application could be attributed to the continues production of glucose- 6-
phosphate throughout the growth and development of fruits, which was previously regarded to be a
precursor to vitamin C (Pandey, 1999). Moreover, the increased ascorbic acid content of fruit was
attributed to an increase in the synthesis of catalytic activity by enzymes and coenzymes, which are
involved in ascorbic acid production. Also, zinc is required for chlorophyll formation, pollination, and
fertilization (Kaya et al., 2005).

Concerning to the TSS/ acid ratio, data in Table (2) demonstrated that, highest values were
recorded by T2 (red light treatment) followed by T5 (flowering agent; 50mg / 100 liter + potassium
nitrate 0.2%+ Zn 0.3 %+ B 0.1%) as compared to control.

In this respect, the plants response to light signals plant productivity features allow for the
deliberate selection and activation of certain light- sensing pathways, as well as the formation of unique
light systems, to govern plant output, quality, and production timing (Folta, and Carvalho, 2015).

Regarding to T5 effect on TSS/ acid ratio, due to an increase in the mobilization of carbohydrates
from source to sink, potassium nitrate sprays raised the TSS (Meena and Kanpure, 2022). Also, the
improvement in fruit quality caused by zinc supplementation could be related to its effect on
carbohydrate synthesis and translocation, as well as carbohydrate enzyme activity (Ram and Bose,
2000).

The maximum total soluble solids, acidity, and ascorbic acid content are critical characteristics
that determine the quality of acid lime. The acidity of acid lime is mostly owing to the presence of citric
acid lime, one of the most abundant plant acids. The ascorbic acid level is crucial since acid lime fruits
are high in vitamin C (Prabhu et al., 2017).
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3.5. Leaf chemical composition

The highest values of total carbohydrates, organic carbon and C/ N ratio were obtained by red
light treatment (T2) followed by cycocel (T4) as compared with control with some exceptions at the two
experimental seasons. On the other hand, the data revealed that no detected trend was obtained in
nitrogen concentration by all treatment (Table 3).

In this respect, light plays a vital function in both plant development and photosynthetic processes
(Yamori et al., 2016). Additionally, light serves as the energy source for the photosynthetic process,
which transforms carbon dioxide into carbohydrates. Conversely, light functions as a signal, and plants
may synchronise and adjust their growth to the constantly shifting light environment thanks to its
dynamic perceptions and processing (Trivellini et al., 2023). Phytochromes absorb red light, which is
essential for the development of photosynthetic organs (Urbonaviciute et al., 2007).

Table (3). Effect of red light, some plant growth regulators and some nutrients on carbohydrates,
carbon, nitrogen concentrations and C/ N ratio

2021
Treatments Carbohydrates % C% N % CIN ratio
T1 1.306 e 28.55d 1.76 b 16.22d
T2 2.595a 81.73a 1.69¢c 48.36 a
T3 2.192 ¢ 69.37 b 1.76 b 39.42b
T4 2.277b 70.77b 191a 37.05b
T5 1.522d 50.21¢c 1.80b 27.89c¢c
2022
T1 1.391e 29.87d 1.72a 1737 ¢
T2 2.797 a 76.97 a 1.69a 4554 a
T3 2.243 ¢ 64.60 b 1.76 a 36.71¢c
T4 2.385b 76.76 a 181a 42.41b
T5 1.611d 50.78 ¢ 1.76 a 28.85d

According to Duncan's multiple range tests, there was no difference at p<0.05 between the means in every column that fallowed by the same
letter's.

Treatments key:

T1: Control (Uniform fertilizer program).

T2: Red light (light intensity 20 um/ m?/ second for 4 continuous hours).

T3: Paclobutrazol 3.5 g/ tree + potassium nitrate 0.2%+ Zn 0.3 %+ B 0.1%.

T4: Cycocel 1000ppm+ salicylic acid 200 ppm.

T5: Flowering agent (1.5 % NAA+ 0.3% NAAM+ 0.3% Beta naphthyloxyacetic acid+ 97.9 % other additives) 50mg / 100 liter + potassium nitrate 0.2%+ Zn 0.3
%+ B 0.1%.

3.6. Feasibility Study

In order to select the treatment with the highest profit, a feasibility study was carried out to
ascertain the economic return for the treatments under consideration. Data illustrated in Table (4)
showed that, T4 (cycocel+ salicylic acid) followed by T2 (red light) treatments achieved the highest
profit. Also, red light treatment is more sustainable compared with other treatments whereas, the
spotlight used for supplemental lighting has a light intensity of 12000 lux, covering an area of 1400/ m?
at a minimum intensity of 20 um/ m?/ second: Four spotlights can be used to cover an area of one feddan,
and these spotlights can be used for several years. Moreover, these treatment was superior in terms of
early flowering, as flowering began one week after treatment as well as the highest values of fruit weight
and fruit juice percent were obtained by red light treatment.
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Table (4). Feasibility study for the applied treatments on yield of acid lime

Yield/ fed. Yield return/fed. Treatment return/fed. Trecagr;ent Treatment profit
(Ton) (Egyptian pound) (Egyptian pound) (Egyptian pound)
Treat. ( Egypt
pound)
2021 2022 Ave. 2021 2022 Ave, 2021 2022 Ave, 2021 2022 Ave.
T1 1.22 1.36 1.29 73200 81600 77400 0 0 0 0 0 0 0
T2 1.93 2.06 2.00 115800 123600 119700 42600 42000 42300 8 42592 | 41992 42292
T3 1.33 1.41 1.37 79800 84600 82200 6600 3000 4800 2250 4350 750 2550
T4 2.30 2.48 2.39 138000 148800 143400 64800 66000 65400 1428 63372 | 64570 63972
T5 0.66 0.73 0.70 39600 42000 40800 -33600 -40800 - 800
Treatments key:
T1: Control (Uniform fertilizer program). *Lime acid fruit ton: 60000 Egyptian pound
T2: Red light (light intensity 20 pm/ m?/ second for 4 continuous hours). ** Costs associated with treatment included labour, material and spraying
T3: Paclobutrazol 3.5 g/ tree + potassium nitrate 0.2%+ Zn 0.3 %+ B 0.1%. Paclobturazol: 1750 Egyptian pounds+ (KNOs+micronutrients: 200 Egyptian pounds).
T4: Cycocel 1000ppm+ salicylic acid 200 ppm. Cycocel: 1080 Egyptian pounds + salicylic acid: 48 Egyptian pounds.
T5: Flowering agent (1.5 % NAA+ 0.3% NAAM+ 0.3% Beta naphthyloxyacetic acid Flowering agent: 300 Egyptian pounds + (KNOs +micronutrients: 200 Egyptian pounds).

+97.9 % other additives) 50mg / 100 liter + potassium nitrate 0.2%+ Zn 0.3 %+ B 0.1%.

4. Recommendation

It could be concluded that, red light treatment was superior in terms of bringing the plants to
flower a week after the treatment. Although, this treatment ranked second in terms of fruit yield and
highest profit after the cycocel treatment as the yield values were 19.33, 20.58 kg/ tree in the first and
second season, respectively, it is more sustainable as well as safer as compared with other treatments
especially cycocel and paclobutrazol which are subject to restrictions in many countries due to their
toxic effects. Thus we can recommend using red light treatment, which is less expensive, more
sustainable, and safer for public, human health as well as has long-term economic benefits compared
with other treatments. We also recommend adopting this treatment because of its other advantages, as
it allows the farmer stakeholders to determine the most suitable time to offer the crop to the market, in
order to determine the start date of flowering. It is also possible to extend the crop existing period by
dividing the land into sections and applying this treatment gradually to the different sections. This
treatment can also be carried out on young trees, since the preventing water irrigation process is not
carried out with this treatment (without holding water irrigation), which ultimately leads to an increase
in the farmer's economic return.
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