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ABSTRACT

Water and fertilizer, are two important factors affecting tomato vegetative
growth and reproductivity. Using the right irrigation and fertilization measures, at the
right time can boost fruit yield. In this research, the influence of fertilizer (cow and
poultry starter fertilizer) supply and irrigation (drip irrigation and eco tubes irrigation)
systems on the growth and yield of three organic varieties (Eber, Sida, and Tor) and
one Hybrid Variety (phetchompous Tok. Piyawan) as control, was evaluated. The
research was carried out during the dry and rainy seasons, with the introduction of
polytunnels in the rainy season. The result showed high water use efficiency (WUE)
with the use of eco tubes compared to drip irrigation in the dry season, and high water
use efficiency in drip irrigation as compared to eco tube irrigation in the rainy season.
In terms of the yields obtained, there were no notable differences between the two
methods of irrigation in the dry season. However, drip irrigation obtained a higher yield
than eco-tube irrigation in the rainy season. The different varieties performed better
with the application of poultry starter fertilizer than with the application of cow starter
fertilizer. Among the 3 organic varieties used, eber variety had a better performance in
terms of yield. In this experiment, the treatment combination of eber variety, poultry
starter fertilizer, and eco tube irrigation during the dry season and hybrid variety,
polytunnels, and drip irrigation during the rainy season produced the highest yield. For

farmers to achieve high yields, they must use good genetic materials.
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CHAPTER 1
INTRODUCTION

1.1 Background study

Tomato (Solanum Lycopersicum L.), is the second-largest fruit or vegetable
crop after potatoes. Asia produces 61.1% of the world's tomatoes, with Europe,
America, and Africa contributing 13.5%, 13.4%, and 11.8% to the total yield (Quinet et
al., 2019). Tomato is a member of the Solanaceae family, which also includes several
other economically significant crops like potato, pepper, and eggplant, representing
one of the most valuable plant families for vegetable and fruit crops. Tomatoes are
generally propagated from seeds in a nursery and transplanted later. To maintain
optimum production, intensive agronomic practices including watering, weeding,
pruning, training, pest, and disease control are used (Gatahi, 2020). The plant grows to
a height of 1-3 meters and has a weak stem that often sprawls over the ground and
vines over adjacent plants, causing decumbence if left untrained. It is a perennial in its
native habitat; however, it is commonly planted as an annual in temperate areas. An
average tomato weighs around 100 grams. Tomato as a crop is ideally suited for tropical
and sub-tropical climates, where it grows well in temperatures ranging from 15 to 30 °
C. With moderate rainfall of about 1000 millimeters (Nicola et al., 2009). Numerous
issues, such as a lack of water resources, soil salinization, and other abiotic pressures,
pose challenges to tomato cultivation throughout the world (Zhou et al,, 2019).
Growing tomatoes requires a lot of care and time since few vegetables are prone to
more problems than tomatoes. The best way of growing tomatoes is to choose site-
adapted varieties, start the plants off right, and control problems before they happen.
The use of agrochemicals, especially in pest and disease management, is the largest
challenge in tomato production. The indiscriminate use of pesticides has resulted in a
large build-up of chemical residues, posing a threat to the production of safe tomatoes
in the world (Karungi et al.,, 2011). As a result, several initiatives have been put in place

to guarantee that the value chain is maintained sustainably. Production in protected



environments is one of these projects, which aims to provide ideal production
circumstances. In addition, regulatory standards such as global good agricultural
practices (GGAP) and g¢ood manufacturing practices (GMP) are being developed to
assure responsible and ethical production, traceability, chemical use, and worker
welfare. Another major criterion is the organic standard, which curbs the use of
synthetic pesticides and reduces chemical residues in the fruits, making them safe to
eat and containing few contaminants. Organic products are also more premium and
have a smaller market (Gatahi, 2020). Tomatoes cultivated organically have recently
gained popularity around the world. While most tomatoes are grown using a variety of
pesticides, organic tomato production will provide stakeholders with the assurance
that no dangerous synthetic chemicals have been applied (Ugonna et al,, 2015).
Chemicals have an impact on the farmer, the consumer, and the environment.
Tomatoes contain many health-promoting compounds and are easily integrated as a
nutritious part of a balanced diet (Marti et al.,, 2016). In addition to consuming fresh
fruits, consumers use tomatoes in processed products such as soups, juices, and
sauces. Over the last decade, consumers have become more aware of foods as a
source of health benefits and their roles in the prevention of several chronic diseases
(Pem and Jeewon, 2015). Although a wealth of functional foodstuffs has been created
to fulfill these requirements, it is important to note that the consumption of
conventional foods such as fruits and vegetables is more effective for this purpose.
The nutritional importance of tomatoes is largely explained by their various health-
promoting compounds, including vitamins, carotenoids, and phenolic compounds.
Tomatoes are rich in carotenoids, representing the main source of lycopene in the
human diet (Viuda-Martos et al., 2014). Carotenoids and polyphenolic compounds
contribute to the nutritional value of tomatoes and improve their functional attributes

and sensory qualities, including taste, aroma, and texture.



1.2 Aim
This research seeks to determine the responses of organic tomatoes to different

irrigation methods and fertilizers.

1.3 The Objective of the research
1. To see the response of different varieties to irrigation systems and starter
fertilizers.
2. To see the influence of different irrigation systems on yield.
3. To evaluate the performance of different varieties between the two seasons
of planting.
4. To analyze the cropping potential of the season and the implication on

organic farming.

1.4 The hypothesis of the study

1. There is a significant difference between crop performance in the use of drip
irrigation and eco tube irrigation.

2. The water use efficiency in drip irrigation is significantly different from the
water use efficiency in eco tube irrigation.

3. There is no significant difference between the use of poultry starter fertilizer
and cow starter fertilizer.

4. Organic farmers can produce tomato varieties in both dry and rainy seasons

and achieve high yields.

1.5 Scope of study

The study was carried out on Maejo University organic farm located at latitude
18°54'54.0"N longitude 99°03'25.7"E. The experiment was repeated twice during dry
season and rainy season, respectively. During the rainy season, polytunnels were used.
Four varieties, comprising three organic Varieties (Eber, Tor, and Sida) and one hybrid
(phetchompous Tok. Piyawan), variety was used for the study. The experiment had a
3-factorial design with 16 treatments for the dry season and a 3-factorial design with

12 treatments for the rainy season. The study examined; the response of different



varieties of tomatoes to irrigation systems and starter fertilizer, the influence of
different irrigation systems on vyield, the performances of the different varieties
between the two -seasons of planting, the cropping potential of the season, and the

implication on organic farmins.



CHAPTER 2
LITERATURE REVIEW

2.1 Agriculture

Agriculture is the major employer of labor in most countries, providing jobs for,
both the elderly and the young, male, and female (White, 2012). Plants provide man
with food, fiber, clothing, medicine, and shelter, among other things. Plant growth and
yield are thus dependent on nutrient cycling and recycling between plant biomass and
organic and inorganic soil reserves in all environments. Agriculture evolved because of
man's desire to feed himself, his family, and his animals. Agriculture has been
discovered over time to attract many inputs from art, science, and business in the
production of plants and animal products for the benefit of people. In agriculture,
plants are the primary producers. Primitive agriculture relied on natural resources such
as soil, rainfall, and indigenous plant. Plants and organisms that decrease the
productivity of beneficial plants and animals were avoided or regulated. The system's
productivity was low, and it could only feed the farmers and their families. Due to
population pressures and urbanization, agricultural practices improved with the use of
high external inputs such as inorganic fertilizers and agrochemicals for pest and weed
control, which helped to increase productivity but had severe negative consequences
for the environment and humans, making the entire system unsustainable. The
agricultural production system has evolved from indigenous to modern agriculture,
with agriculture becoming more dynamic and refined over time (Ibeawuchi et al., 2015).
Agriculture has always been important in human history. Agriculture was the main
source of income before the Industrial Revolution, and it allowed the human
population to expand. As a result, agricultural expansion has come to be considered
a necessary condition, if not a prerequisite, for the advancement of human civilization.
Even though agriculture's percentage of total GDP has been declining, agriculture
remains vital following the Industrial Revolution. On the one hand, agriculture remains
a critical and unique tool for reducing poverty, particularly in rural areas (Chen and

Gong, 2021; Thirtle et al, 2003). In addition, has a substantial impact on



industrialization, urbanization, and the economy's long-term evolution (Ashraf and
Galor, 2011).

Thailand is an agricultural country and agriculture is very competitive.
Agriculture covers around 21 million hectares or 40.9% of the land area. Rice is
cultivated on 49.8% of agricultural land, 21.5% for field crops, 21.2% for fruit or
horticultural crops, and 7.5% for other crops grown. Agriculture is a significant industry
that employs most of the country's rural population. This industry employs
approximately 46.6%. Although agriculture’s importance has diminished due to the
expansion of other sectors (Thepent and Chamsing, 2009). In recent years, there has
been some growth, although it has been quite slow. Thailand has been a successful
agricultural country despite some economic downturns, and this is due to the country's
abundant natural resources, which range from different crops to farming and fishing
(Fan et al,, 2004). Crop production is the most important agricultural sub-sector of
Thailand. In 2010, it contributed around 61.8% of Thailand's gross agricultural output,
followed by livestock (15.6%), fisheries (22.4%), forestry (0.02%), and others (0.18%).
Rice, maize, sugarcane, cassava, and soybean are Thailand's five most important crops
in terms of cultivated area and value of output, with 10.75, 1.11, 1.14, 1.03, and 0.16
million ha, respectively. Rice, maize, and sugarcane are key food and foreign exchange
earners in the country. Other major crops in Thailand include rubber, maize, susgar

cane, tapioca, and oil palm. (Thepent and Chamsing, 2009).

2.2 Organic agriculture in Thailand

In Thailand Agriculture is the major pillar of the country. The majority of people
depend on the agricultural sector for their upkeep and steady source of income.
Globally Thailand is among the top 10 countries known for the export of agricultural
products this is because of its good agro-climatic condition (Rugchat, 2021). Organic
agriculture is not a new approach in Thailand, it has been in practice since the 1980s.
In 1989, the Alternative Agriculture Network (AAN) was established as a national
network by farmers and non-government organizations (NGOs) to support sustainable
agriculture as well as organic agriculture and to educate grassroots NGOs and farmer

leaders. In 1992, a conference about organic agriculture was done as a part of the



sustainable agricultural movement (Ellis et al., 2006). Organic agriculture was first
introduced to Thailand by non-governmental organizations (NGOs), to reduce the cost
of agricultural inputs and bring an increase in the income of farmers. It is additionally
geared toward reducing the health risks farmers and consumers encounter during
production and consuming chemically produced products. Organic agriculture is in
general, promoted by NGOs, government agencies, farmers’ groups, and consumers
who are bothered about the consequences of chemicals on both environment and
human health (Pattanapant and Shivakoti, 2013). According to (Thapa and
Rattanasuteerakul, 2011) study, they are two kinds of organic farming in Thailand;
integrated organic farming system and mono-crop organic farming system. In the
integrated organic farming system, many varieties of the plant are cultivated in one-
unit area of land to decrease the cost of production and get self-sufficiency by engaging
in numerous agricultural farming activities. This sort of farming system also drives
environmentally friendly production to support an ecological balance. The mono-crop
organic farming system emphasizes the increased revenue from farming activities
through production methods from farm to table. This farming system is additionally

thought of to be environmentally safe.

2.3 Organic and conventional agriculture

The practice of conventional agriculture had posed a threat to the earth's long-
term sustainability as well as human health. Agroecosystems and human health had
been harmed by the widespread use of chemo-synthetic inputs. Chemo-synthetic
pesticides, for example, kill not just pests but also other organisms in the agro-
ecosystem; high pesticide residues have been found to harm people in some locations;
and intensive use of chemo-synthetic fertilizers has damaged the soil and polluted the
water (Jahroh, 2010). Figure 1 below shows the fundamental differences between
conventional and organic agriculture; organic agriculture is a viable option for achieving

sustainable Agriculture.
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Figure 1 Organic vs. conventional agriculture.

Source: (Morgan and Murdoch, 2000).

Table 1 Fundamental differences between conventional and organic agriculture.

Source: (Niggli, 2007).

Conventional Agriculture Organic Agriculture

Decentralization

Centralization
Dependence Independence
Competition Community

Domination of nature
Specialization

Exploitation

Harmony with nature
Diversity

Restraint

Organic farming's sustainability can be assessed from three perspectives:
economic, social, and environmental (Jahroh, 2010). From an economic aspect
perspective, organic agriculture reduces production costs by avoiding the use of
external chemosynthetic inputs. Farmers will have a bigger profit margin due to the
higher price of organic food. According to numerous research, in early adoption yields
decrease, whereas later yields grow and then remain constant. As a result, organic
farming is thought to be economically viable (Kshirsagar, 2008). Social aspect wise,

Organic farming communities demonstrate community development by establishing



trust among themselves, their neighbors, and the public simply by existing. Organic
farmers respect the environment and their culture, develop their human capacities
through knowledge and information sharing, and speak up in their communities and
local governments (Jahroh, 2010). In terms of the social aspect, organic farming's
sustainability can be achieved through strong community building. Environmentally,
Organic farming ensures the long-term viability of the environment. Organic
agriculture's environmental benefits have been well established, including ecosystem
services, biodiversity preservation, reduced resource usage, environmental protection,
landscape values, and reduced energy consumption (Jahroh, 2010). Organic farming
has also been shown to boost soil fertility by increasing the biomass of cereal and
potato organic farms in various tests. Functional richness and variety were found to be
highest for organic treatments and lowest for conventional treatments based on
substrate use patterns. In addition, a study in Switzerland found that the long-term
microbial characteristics of organic soils differ significantly from those of conventional
and integrated soils (Niggli, 2007). Figure 2 below shows the world organic producers

in 2020.
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Figure 2 The world organic producers in 2020.
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2.4 Tomato production in Thailand

The Food and Agriculture Organization Statistical Database reported that China
is the largest tomato producer, followed by India and the United States with global
production in 2013 reaching almost 163 million tons. Indonesia leads Southeast Asia
in tomato production followed by the Philippines and Thailand. Areas planted with
tomatoes have increased in Thailand reaching 5,339 ha in 2013, and as more plantings
occur on less suitable sites, the incidence and severity of the disease have increased
(Suwannarach et al., 2016). (Rugchat, 2021), states that tomato is a key vegetable fruit
that is widely cultivated for commercial purposes in Thailand, throughout 2016-2017
the area and total production of tomato was around 6,028 ha and 122,593 tons
respectively, and its productivity was about 21.88 tons/ha.

The main tomato-growing areas in Thailand are in the north and northeast of
the country. For more than three decades, Chiang Mai province in northern Thailand
has been Thailand's major tomato-producing area. According to recent data from the
Economics (OAE), Chiang Mai had tomato growing areas of around 6,609 rai3, while
Sakon Nakhon and Nona Khadi in northeast Thailand had 5,702.5 rai and 4,509.5 rai,
respectively, between 2011 and 2016. Chiang Mai, Salon Nakhon, and Nong Khai
produced an average of 22,749.83, 21,629.83, and 20,592.16 tons of tomatoes every
year, respectively (Rugchat, 2021). The majority of farmers frequently use the crop-
producing lands around the Mekong River. Hybrid and local tomato cultivars are grown
using crop rotation. Tomatoes are first grown when the water levels in the Mekong
River are low. The nutrient-rich soil along the riverside increases the quality of the
crops even more. Tomato seedlings are planted from October to November during the
dry season and harvested from January to March during the wet season. During the
wet season, from May to September, most farmers plant rice. Farmers who do not
have access to a greenhouse can create an open-access system with bamboo trellises
and rope structures.

Thai tomato growers lack the technical efficiency and plant management tools
that would help them increase their yield. Seed companies have been helpful in the
introduction of improved processing of tomato varieties. Competition among seed

companies has resulted in the production of high-quality seeds. The provinces of Nong
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Khai, Bueng Kan, Nakhon Panom, Mukdahan, and Amnat Charoen have the highest

tomato yields in the country because of these conditions. THB (Thai baht) 40,000 per

rai is about equivalent to EUR 6,660 (or USD 7,980) per hectare when tomatoes are

grown in these areas (Eaton

shown in figure 3 below.

et al,, 2008). Thailand's tomato-producing provinces are
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Figure 4 Tomato production by region and top 10 tomato-producing countries.

Source : (Acharya et al., 2020).

2.5 Varieties of tomatoes

Approximately 7,500 tomato varieties are grown for different reasons. Tomatoes
are divided into two categories: determinate and indeterminate. Determinate or bush
types produce crops all at once and stop growth at a specific height. Commercial
growers that want to harvest an entire field at once like them. Indeterminate varieties
generate vines that never top off under ideal growing environments and continue to
bear fruit until the first frost. Commercial fresh market producers and home growers
who desire ripe fruit throughout the growing season are favored them (Balaj et al,
2017). Tomato varieties are typically grown based on their intended use or destination.
They can either be consumed fresh by consumers or utilized in the processing of
tomato products by manufacturers. Fresh market tomatoes and processed tomatoes
have different production methods. Today available varieties are resistant to many
diseases that are caused by pathogenic fungi, bacteria, viruses, and nematodes as well
as abiotic factors (Nicola et al.,2009). To meet commercial requirements of both fresh
market and processing tomato-type, fruit varieties are chosen based on fruit size, color,
texture, and acidity. Tomatoes for the fresh market are hand-picked and often red,
though they can vary in color, shape, and size; tomatoes for the processing business
are typically machine-harvested and should have an intense red color and high solids
content suited for making a paste, ketchup, or sauce (Ha, 2015). Tomato breeding has

recently, gained popularity as a means of producing fruit with a long shelf life,
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resistance to bruising, and high lycopene content. Commercial tomato cultivation in
the tropics currently requires tomato varieties that can tolerate high temperatures,
diseases, and insect pressure. When the climate for cultivation is appropriate, most
tomato varieties are adapted to the dry season (Ha, 2015).

Wet season production, on the other hand, requires a mix of a suitable variety and
particular management measures, such as the use of a fruit-set growth regulator,

grafting, or the use of shelters to handle excessive rainfall (Gatahi, 2020).

2.6 Nutritional values of tomato

Tomato is presently a vital food part grown globally. Tomatoes are after all the
second largest vegetable in terms of production and consumption (Dorais et al., 2008).
Tomatoes are said to be a supplier of vitamins and pro-vitamins (vitamin C, pro-vitamin
A, B carotene, folate), minerals such as potassium, and secondary metabolites such as
lycopene, flavonoids, phytosterols and polyphenols (Beecher, 1998; Luthria et al,,
2006). Thus, 100 g of tomato gives over 46%, 8%, and 3.4% of the daily necessities of
vitamin A (900 UE), ascorbic acid (82.5 mg), and potassium (3500 mg), respectively
(Gutierrez, 2018). Furthermore, soup, paste, concentrate, juice, and ketchup which are
an outcome of processed tomatoes conjointly contribute completely to human health

(Bergougnoux, 2014).

2.7 Fertilizers

2.7.1 Mineral fertilizer

The use of mineral fertilizer for tomato production has been on for some time
because farmers and other land users recognized the need to improve soil fertility for
optimum production, (Mbah, 2006). Continuous deforestation, over-application of
fertilizer, erosion, and loss of soil humus through harvesting are some of the causes of
soil fertility depletion. However, to increase tomato production, there is a need to
improve soil fertility management to reduce food scarcity and enhance food
availability. Soil fertility, especially in the tropics, can be improved for optimum tomato
production with the use of inorganic fertilizer in form of N.P.K. However, there are many

demerits in the use of inorganic fertilizers such as leaching, increased acidity, high cost
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of purchase, and hazardous effect on man and his environment among others (Tanimu
et al., 2007). With all these negative effects of inorganic fertilizer on agricultural land
and the environment, there is a need to explore alternative ways to improve soil
fertility and ensure food security. Over the years, farmers and researchers are shifting
to the use of organic fertilizers like compost, cow dung, and poultry manure (Usman,
2015). It is an age-long practice, it is generally accepted, technically feasible,
commercially viable, relatively cheap, and improves soil physical properties and soil
microbial population (Belay et al., 2001). It also increases soil nutrients and has little
or no adverse effects on man and the environment (Tosun et al., 2001). Nutrients
contained in organic manures are released more slowly and are stored for a long time
in the soil; thereby ensuring residual effects on the succeeding crops (Ginting et al,,
2003). In the world today, vegetable produced chemically is widely discouraged due
to concerns about the potential negative impact on human health and the
environment. Increasing consciousness concerning protecting the environment and the
health hazards caused by agrochemicals has brought a significant shift in consumers'
choice towards food quality, most especially in developed countries. Global customers
are intentional about organic food that is thought-about to be safe and hazard-free.
There is a steady increase in the demand for organically produced food both in
developing countries and developed countries, with an annual average rate of 20-
25%. Throughout the World, over 130 countries produce certified organic products in
commercial quantities (Kortbech-Oiesen, 2000).

It was reported by (Joya et al., 2022), that three hundred batches of vegetables
were blocked from being sold in Singapore due to the excessive use of pesticides. It
was reported that about 3-5% of Malaysian vegetables and fruits have exceeded the
pesticide limits set by the Singaporean authorities. Similarly, in 2017, fruits and
vegetables from Cameron high land also were rejected from China due to the presence
of excessive levels of pesticides (Joya et al., 2022). (Ekelund and Tjarnemo, 2004)
reported that tomatoes are grown using conventional and organic fertilizers and
recently there is an increase in demand for the organically grown product due to the

common belief among consumers that organic products are healthier than
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conventional products although (Huuml et al,, 2011). says research result remains

inconclusive.

2.7.2 Organic fertilizer

(Assefa and Tadesse, 2019), Stated that organic fertilizers are made from
biodegradable organic substances, as a result, any chemical that occurs naturally and
is easily biodegradable is organic, and any organic element that improves the soil's
richness is referred to as organic fertilizer. Numerous microorganisms further break
down or decompose organic compounds into smaller soluble particles These fertilizers
are absorbed by the roots after being converted into soluble and simpler chemicals.
The use of organic fertilizer is a long-standing practice that's widely accepted,
technically practicable, commercially successful, and reasonably inexpensive, and it
enhances soil physical characteristics and microbial population (Belay et al., 2001). It
also enhances soil nutrients while having minimal to no negative effects on people or
the environment (Rugchat, 2021). Organic manure nutrients are released more slowly
and are kept in the soil for a longer period, ensuring residual effects on subsequent
crops (Diacono and Montemurro, 2011).

Organic fertilizer can help to boost soil fertility and productivity (Haque et al,,
2021; Verma et al., 2020). Organic materials such as animal manure, plant residue, and
composted organic matter have been shown to boost food crop productivity and
quality (Khosro et al., 2011). Low levels of plant nutrients are included in the materials,
which are steadily released over time. However, the availability of these materials, as
well as their bulkiness, which raises transportation costs, and closeness to the point of
application, limit their utilization. Farmers are expecting a proper solution to
agricultural concerns that does not compromise production. So, organic fertilization
methods are largely regarded to be more environmentally friendly and produce slower
but consistent results. The use of organic fertilizers is now considered to be a significant

advancement in the field of agriculture (Mondal et al., 2014).
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2.8 Irrigation

Irrigation can boost crop vyields, lower yield variability, and boost profits.
However, selecting and purchasing an irrigation system is both complex and costly.
Farmers must consider several major factors when investing in an irrigation system,
these factors include water availability, the system's application efficiency, distances
from which the water must be pumped, or pumping lifts, operating pressure of the
layout, financing field operations savings, sources of energy, energy prices, crop, the
economy of scale, availability of labor and price of the commodity (Amosson et al.,
2002). Water scarcity is increasing because of changing rainfall patterns caused by
climate change, as well as increased water use by a growing population and increased
industrial production. Agriculture, on the other hand, is by far the largest water user
on the planet, accounting for 69% of freshwater use (Pltonykova et al., 2020). At the
same time, even though only 20% of agricultural land is irrigated, the contribution of
irrigated agriculture to global food production is estimated to be 40% (Kirby et al,,
2017). As a result, irrigated agriculture is the only way to maintain the current level of
food supply. The use of water-saving irrigation is required to boost food production
and reduce water scarcity. During the dry season, irrigation is important by selecting
crops, irrigation systems, and management practices wisely, water in a wide variety of
quantities can be used for irrigation (Easter and Welsch, 2019). Since the tomato plant
is particularly susceptible to water stress, (Lopes et al. 2005) stated that good
productivity necessitates the availability of water throughout the cycle. Throughout
the growing period, until fruiting, the crop requires sufficient water. Williams (Williams,
1991). Low rainfall makes crops reliant on irrigation, as lack of water has a significant

impact on the quality and amount of output (Pires et al., 2009).

2.8.1 Drip Irrigation

Drip irrigation has become a viable alternative among the various irrigation
systems used in tomato growing (Marouelli et al, 2011) because of its many
advantages, including the ability to grow in areas with limited water availability, high
levels of efficiency (Monte et al., 2013), and lower incidence of diseases of plant aerial

parts, resulting in high yield and fruit quality. Although drip irrigation demands a large
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initial financial investment, it is one of the most effective methods for applying water
to vegetables and orchards (Cetin and Uygan, 2008). Drip irrigation can boost plant
output, reduce evapotranspiration, and save water and fertilizer (Ozbahce and Tari,
2010). Furthermore, its pumping takes less energy, can reduce negative irrigation
impacts on soil, and it makes fertigation easier. (Monte et al., 2009). Drip irrigation
boosts production and enables efficient irrigation of fields that are difficult to irrigate
by other methods due to slope or soil characteristics. Irrigation management is very
complicated in locations where there is a shallow, saline water table. Drip irrigation
preserves productivity in this area by keeping the root zone mostly salt-free, and drip
irrigation's high efficiency reduces the amount of drainage water generated (Hartz et
al,, 2008). Weather-based reference evapotranspiration (ET,) estimations and crop
growth stage dictate drip irrigation requirements. The frequency of irrigation might range
from once or twice a week early in the season to daily irrigation during periods of high-

water demand.

2.8.2 Eco tube irrigation (porous pipe)

Porous pipes rely on an ancient way of delivering water using clay pots, which
were first utilized in the Middle East. Water is applied to the soil through a porous
substance that is in contact with the surrounding soil material, according to the working
principle. When plants use water, the drying soil's matric potential rises, and the
potential gradient causes the water to migrate. Clay pipes were designed based on
clay pot irrigation technology, making water supply to the field more efficient
(Akhoond-Ali and Golabi, 2008). Clay materials, on the other hand, are brittle and
susceptible to soil erosion and decomposition. The material is heavy and labor-
intensive to install because of the large diameters employed. As a result, synthetic
materials are now used to make porous pipes to stimulate water passage from the
pipe to the surrounding soil material, a porous pipe system is operated at low pressure.
Water-logging-like situations are avoided, and because the entire pipe works as an
emitter, changes in water content are formed solely along the line (Siyal and Skaggs,
2009). As a result, if the porous pipe is properly positioned beneath the crop row,

water and oxygen supply should be optimal throughout the irrigation cycle.
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Porous pipes have not been widely used in irrigated agriculture. The lack of adequate
materials made porous pipe systems deteriorate quickly and reduced the uniformity
of water application. Furthermore, the lack of adoption of porous pipes is due to the
need for high-quality water and the demand for permanent subsurface installation,

which interferes with other on-farm management operations, such as soil tillage.

2.9 Factors affecting the quality of tomato fruit

2.9.1 Temperature

Tomatoes do not tolerate frost and require a warm temperature to grow. In
cultivation, the typical life cycle is one spring and one summer. Its ideal temperature
is roughly 26°C during the day and 12°C at night. Plants need temperatures above 18°C
to grow vegetatively, but they can also thrive at lower temperatures (12°C). Flower
fertilization, plant development, and fruit ripening all slow down at temperatures
above 31°C. The ideal temperature ranges required at different phases of tomato
development are listed in table 2 below, which was adapted from (Geisenberg and

Stewart, 1986).

Table 2 Temperature Range
Source: (Victoria et al., 2011)

Stages of development Temperature (°C)
Minimum Optimum Maximum
Germination 11 15-30 30
Vegetative growth 18 20-24 30
Fruit set night 10 14-20 24
Fruit set day 18 20-24 30

Red color development 10 20-24 30
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2.9.2 Water

Soil water and nutrient quality are two significant environmental elements that affect
the vegetative growth and reproductive phase of tomatoes. As a result, using the right
irrigation and fertilization measures at the right time can significantly boost fruit yield.
A variety of experiments have been conducted to examine the impact of soil water
status on tomato yield and growth (Wang and Xing, 2017; Zhang et al., 2017; Zotarelli
et al, 2009). (Preece and Penuelas, 2016), found that tomato plants can adjust
morphologically to both extremes of water scarcity and abundance. Both the crop
roots' ability to detect soil-water status and the shoots' ability to adjust
morphologically to the soil environment rely on improved root development and soil
moisture conditions (Koevoets et al., 2016). This is because a healthy root system will
aid plant nutrition intake as well as increase leaf area and dry matter (Ayi et al., 2016;
Faucon et al,, 2017). Waterlogged soil, on the one hand, reduces the rate of leaf
elongation and dry-matter uptake by the shoots (Kano-Nakata et al., 2011). Water
scarcity, on the other hand, causes plant roots to grow deeper in quest of water while
also altering root morphology by diminishing lateral roots (Faucon et al., 2017; Romero-
Aranda et al., 2001). Drought and waterlogging produced a considerable decrease in
dry matter buildup, resulting in low fruit yields (Bisbis et al., 2018; Shao et al.,, 2016;
Sharma et al., 2014).

2.9.3 Soil

Tomatoes thrive in a variety of mineral soils, but they prefer sandy loams that
are deep and well-drained. In heavy clay-type soils, deep tillage allows adequate root
penetration, allowing tomato production. Tomatoes are moderately tolerant of a wide
pH range. (Worley, 1976) found that tomato yields were higher in soils with a pH of 6.5
to 6.9 when compared to acidic soils. Fruit size is reduced in soils with an acidic pH or
high salt (Hazman et al., 2022). Tomato is a heavy feeder of nitrogen (N), phosphorus
(P), and potassium (K) fertilizer and reacts well to fertilizer treatment (Xiukang and
Yingying, 2016). Before applying fertilizer to the soil, a soil test must be conducted. A
soil test determines which nutrients are currently present. Applying fertilizers without

first analyzing your soil might lead to nutrient imbalances, resulting in plants that thrive
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but do not produce any or a lot of fruit (Tonfack et al., 2009). According to (Nathan et
al.,, 2012), Managing soil fertility and applying plant nutrients according to soil test
recommendations will affect tomato quality and is necessary for harvesting abundant,
tasty, and nutritious tomatoes.

P and K nutrition has been demonstrated in numerous studies to have positive
effects on fruit sugar and acid content. When compared to low P conditions, high P
application resulted in higher sugar content in tomatoes. It was discovered that
increasing the amount of K increased the acid content of tomatoes. According to many
studies, a modest amount of nitrogen will improve tomato flavor, while too much
nitrogen would destroy the fruit. Fruit flavor can also be harmed by excessive N and K
fertilization. According to research, when tomatoes are given enough K, they respond
by creating more health-promoting carotenoids and red lycopene, which gives

tomatoes their red color (Ili¢ et al., 2014).

2.10 Polytunnels

Polytunnels are structures made of polyethylene, they are designed to protect
a row of plants or a section of a garden. In temperate countries farmers can use it to
extend their growing season without adding heat, allowing them to meet consumer
demand for fresh market produce during times that are often off-season (Conner et
al,, 2010). The use of polytunnels can be used in the production of high-value crops
including tomatoes, bell peppers, garlic, strawberries, blackberries, and raspberries
(Rubus species and variants), as well as several kinds of cut flowers (Lamont, 2009;
Orzolek et al, 2004). Farmer's markets and other direct marketing channels are
expanding as year-round customer demand for fresh, regionally sourced, and organic
produce increases (Zepeda and Deal, 2009), providing potential for growers to adapt
and profit from the use of polytunnels. The use of polytunnels in production systems
is ideal for organic farming because they are energy efficient and can improve

vegetable quality and yield over field-grown systems. (Bisbis et al., 2018)
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CHAPTER 3
MATERIAL & METHODS
3.1 Study area
The study was carried out on Maejo university organic farm located at latitude
18°54'54.0"N longitude 99°03'25.7"E. The experiment was repeated twice during dry
season and rainy season, respectively. During the rainy season, polytunnels were used.

Figure 5 shows the location of Maejo University's organic farm.
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Figure 5 Location of Maejo university organic farm.

3.2 Land preparation
The field was cleared and prepared into blocks, and ridges were made. Figure

6 shows the land preparation.
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Figure 6 Land preparation.

Table 3 Chemical properties of soil from study area.

Soil properties composition
pH 6.98
Organic Matter (%) 2.03
Available phosphorus 96.10
Exchangeable Potassium (mg/ke) 63.38

3.3 Varieties

There were 4 varieties used 3 organic varieties, and one hybrid. The organic
varieties used are Eber, Tor, Sida, and hybrid (phetchompous Tok. Piyawan). The Eber
Variety was gotten from Maejo University, Sida from Horticulture Research Center Sri

Saket, Tor from Mae Ta, Green Net, and Hybrid from East west company.
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3.4 Varieties and properties according to suppliers
3.4.1 Eber
Eber variety is common in Thailand. It is a determinate type. It has a sour taste,
the fruit of Eber usually ranges from red-orange, and they are usually small in size. The

harvesting periods are usually 60-70 days after transplanting.

3.4.2 Sida

Sida is a Thai salad tomato and one of the most popular tomato Varieties in
Thailand the local name is "ugldalnAdn1”. Sida tomato is a determinate type, the
plant reaches a height of 60-100 cm. The fruits are juicy, thick, and tight-textured. The
average weight of the fruit is 20 grams. Fruits are red-colored, but they tend to color
pink with a bit of green even when very ripe and have a slightly acidic taste. The
average yield is 1.06 tons per hectare. It also has a high vitamin C content of 43.3
mg/100 g, more than the typical variety with only 14 mg/100 g of vitamin C. It also has
an average acidic content of 0.93%, while the common varieties are only 0.2-0.5%.
Suitable for use in cooking to have a sour taste, especially in papaya salad. The

harvesting period is generally 75-90 days after planting.

3.4.3 Tor

It was obtained from Mae Ta and Green Net they have large red fruits, fruitful,
good weight, and taste, thick texture, eaten fresh, and can be used for cooking. prefers
to be sunny and grows well in the winter but the plants must be exposed to enough
sunlight for them to grow. They grow well in sandy loam soil with good drainage. They
are suitable for outdoor planting and need proper spacing for them to grow well.
Watering should be done regularly to ensure that the plant receives an adequate
amount of water for growth. They are used for processing tomatoes in industries.

Harvest is done 115 days-120 days after planting
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3.4.4 Hybrid (phetchompous Tok. Piyawan)
It is resistant to Bacterial wilt and TYLCV (Tomato yellow leaf curl Virus), it is a
semi-determinate type, harvesting stage 60-65 days after transplanting, Fruit weight 20-
25 grams/fruit, Yield 2-4 kg/plant.

Table 4 The different Varieties and their uses.

English name E-Ber Sida Tor Tok Piyawan
Thai name Al dan Vo wsYug fon U
YsIITU
Use Used for cooking Used for cooking, Used for cooking, Used for Cooking
and making soups. especially in used in industries as

papaya salad, it can  processed tomatoes
be eaten raw,

Kind Determinate Determinate Indeterminate Semi-determinate

In this experiment, the hybrid variety was used as a control and the result from its
interaction with other factors was compared with those obtained from the organic

varieties.

3.5 Seedling treatments and planting

Seeds were sown in the nursery for both the dry and rainy seasons on the 11"
of February and 27" of May 2022 respectively. They were first sown in a basket that
contained burnt husk/ charcoal and sand. The burnt husk helped to reduce humility
and the sand helped the root grow well. A week after germination, the seedlings were
transferred into a tray containing coconut coir, Azolla, and compost at the ratio of
1:1:1. lIrrigation was done twice a day but when the seeding leaves had started
expanding the irrigation was reduced to once a day. For the dry season experiment at
the point of transplanting, it was noticed that Tor was a bit slow in growth compared
to every other variety. The tomato seedlings were hardened off a week before

transplanting by doing, this introduces them to the temperature and sunlight outside
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the greenhouse so that when the seedlings get to the open field there are not
susceptible to sunburns.

Transplanting to the open field for both the dry and rainy seasons was done
on the 13" of March 2022 and the 16" of June 2022, respectively. Replanting of dead
plants was done on the 18" of March 2022, for the dry season of the experiment, and
24" of June 2022, for the rainy season. The irrigation system was used immediately
except for eco tube irrigation which was delayed for a week before it began usage and

this was done only during the dry season of planting. Figures 8 and 9 show the

seedlings in the nursery and during the period of hardening off.

Figure 7 Comparing seedlings in the tray 2 weeks after planting in the nursery.



Figure 8 Seedlings in the greenhouse being manually irrigated.
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Figure 9 Hardening off of seedling before transplanting.



3.6 Irrigation management

3.6.1 Drip irrigation
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Figure 10 Drip irrigation.

3.6.2 Eco tubes

A
1

depth
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Figure 11 Eco tube irrigation.

Seedlings were planted on a double row at a spacing of 40 cm apart with 160

cm between the rows and then a pathway of 120 cm. But for the Rainy season,
olytunnels were introduced. The polytunnels used, were made of steel but had
polyethylene plastic covering the shape of the tunnels were semi-circular shaped with

a width of 6 m wide and a length of 12 m long. Some bamboo sticks were also used

27
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as support for the tunnels. Figures 12 and 13 are pictures of the polytunnels on the

field.

Figure 13 Polytunnel on the field
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3.7 Starter fertilizer

For the dry season of planting, Starter fertilizer was used before planting was
done the starter fertilizer was mixed with the soil on the respective blocks. The
arrangement of the fertilizer was such that it was in a systematic pattern. The starter
fertilizer was composted 10 days before transplanting. The fertilizer was heaped
separately, and water was added to make it moist. On the heap, a little hole was made
for aeration. After wetting properly this heap was covered to allow proper
decomposition daily checking was done. The temperature was also checked using a
data logger thermometer, the data logger ensured a composting temperature above
60° C for proper composting. For the rainy season, a fish fertilizer was used. 5 ml of
fish fertilizer to 9 liters of water and was sprayed directly into the soil the application
was at 3 stages the early stage, growth stage, and fruiting stage. The chemical

composition of both organic fertilizers used is shown in tables 5 and 6.

Table 5 Chemical composition of organic fertilizer used.

Type of organic Nitrogen (%) Phosphorous (%) Potassium (%)
fertilizer
Poultry starter fertilizer ~ 1.88 3.16 0.02

Cow starter fertilizer 2.40 0.08 1.61
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Table 6 Chemical composition of fish fertilizer analysis

Composition Values
pH 5.21
Electrical Conductivity (Hs/cm) 0.36
Nitrogen (%) 0.70
Potassium (mg/L) 29.08
Phosphorus (mg/L) 663.75
Sodium (mg/kg) <0.20
Calcium (%) 0.26
Magnesium (mg/L) 2.92
Iron (mg/L) 39.65
Manganese (mg/L) 1.54
Zinc (mg/L) 3.90
Copper (mg/L) < 1.00
Boron (me/L) 10.21
Sulphur (mg/L) 1.51

3.8 Location: Experimental design and layout

3.8.1. Dry season experiment

The experiment had a 3-factorial design with 16 treatments. The factors were
irrigation method, starter fertilizer supply, and tomato variety having 2, 2, and 4 levels,
respectively. Treatments were arranged in a partially randomized design in four blocks,
two of which were equipped with surface drip irrigation and two with Eco tubes. Each
block was split into two halves with one half being fertilized with cow starter fertilizer
and the other half with poultry starter fertilizer. On each half, the four varieties were
randomly arranged in four plots, so that all treatments were replicated twice. The plot
size was 3 x 5 m with three double lines of tomatoes with 12 plants. The two outer
lines are the outermost plants and the central line served as border plants so 8 plants
in the center line of each plot were used as experimental units. Thus, a total of 16

plants were analyzed per treatment. Table 7 below shows the details of treatments
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used in dry season. Drip irrigation and eco tube irrigation on the field can be seen in

fisures 14 and 15 respectively.

Table 7 Treatment details for the dry season of planting

Treatment Starter fertilizer Variety Irrigation system
T1 Cow Eber Drip

T2 Cow Sida Drip

T3 Cow Tor Drip

T4 Cow Hybrid Drip

T5 Poultry Eber Drip

T6 Poultry Sida Drip

T7 Poultry Tor Drip

T8 Poultry Hybrid Drip

T9 Cow Eber Eco tube
T10 Cow Sida Eco tube
T11 cow Tor Eco tube
T12 Cow Hybrid Eco tube
T13 Poultry Eber Eco tube
T14 Poultry Sida Eco tube
T15 poultry Tor Eco tube
T16 Poultry Hybrid Eco tube




Figure 14 Drip irrigation system irrigation on the field.
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Figure 15 Eco tube irrigation system on the field

3.8.2 Rainy season experiment

The experiment had a 3-factorial design with 12 treatments, the factors were
irigation methods, the use of polytunnel, and tomato variety having 2, 2, and 3 levels
respectively. Treatments were arranged in a partially randomized design in four blocks
two of which were equipped with surface drip irrigation and two with eco tubes. Each
block was split into two halves, one half having polytunnels and the other half without
polytunnels. On each half, the 3 varieties were randomly arranged in six plots such
that the treatment was replicated four times. The plot size was 3x5m with 3 double
lines of tomatoes with 12 plants. The two outer lines are the outermost plants and
the central line served as border plants so 8 plants in the center line of each plot
were used as experimental units. Thus, a total of 12 plants were analyzed per
treatment. Figures 16 and 17 show eco tube irrigation under polytunnels and, drip
irrigation under the use of polytunnels. The details of treatments used in the rainy

season are in table 8 below.



Table 8 Treatment details for the rainy season of planting

34

Treatment Cover Variety Irrigation system
T1 Polytunnel Eber Drip

T2 Polytunnel Sida Drip

T3 Polytunnel Hybrid Drip

T4 No polytunnel Eber Drip

T5 No polytunnel Sida Drip

T6 No polytunnel Hybrid Drip

T7 Polytunnel Eber Eco tube
T8 Polytunnel Sida Eco tube
T9 Polytunnel Hybrid Eco tube
T10 No polytunnel Eber Eco tube
T11 No polytunnel Sida Eco tube
T12 No polytunnel Hybrid Eco tube

Figure 16 Eco tube irrigation under the use of polytunnels.
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Figure 17 Drip irrigation under the use of polytunnels.

Table 9 Different factors used for the experiment.

The first season  levels The second season levels
of planting (dry of planting (Rainy
season) season)
Irrigation 2 Drip irrigation Irrigation 2 Drip irrigation
Subsurface irrigation Subsurface
(ecotubes) irrigation (ecotubes)
Starter fertilizer 2 Cow dung Polytunnel 2 Polytunnel
Chicken dung No Polytunnel
Varieties 4 Four Varieties 3 three tomato
tomato varieties: varieties
E-Ber E-Ber
Sida Sida
Tor Hybrid
Hybrid
3.9 Irrigation

The irrigation methods used were drip irrigation and subsurface irrigation (eco
tubes). The sub-surface irrigation included the use of porous pipes that were buried
underground at 15 cm into the soil the porous pipes allowed the emitting of water
uniformly to the roots of the plants evenly. Irrigation of the plants with eco tubes was

done at a pressure of 0.6 bars. The drip irrigation included the use of drip lines which
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were placed at the surface of the soil it had emitters at a distance of 30 cm where the
water was gradually dropping out to the surface of the soil. Figure 18 below shows a
dripline emitting water to the tomato plant. figure 19 provides a view of the irrigation

system offering a clear and detailed overview of its structure and components.
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Electric pump (1.5 HP, 1%)

Disk filter (130 micron, 1)
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Figure 19 Overview of the irrigation systems.
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There were 3 tanks on the field each containing 1,000 liters of water, At the
inlet and outlet are filters (disc filter and mesh filter) these filters were installed to
prevent debris and give good quality water to the field. These filters had to be cleaned
regularly before irrigating the field to allow easy flow of water into pipes. There was
also a pump on the field and a pressure gauge, the pump was connected to the
electricity to supply water to the pipes leading to the irrigation system. The pressure
gauge was used to monitor the pressure of the water. The diagram also shows the two
piping systems, (drip irrigation and eco tube irrigation) pressure reducer was installed
to prevent the outburst of pipes on the field. The eco tubes are recommended to
operate at 0.6 bars this helps to reduce the pressure.

Flow meters were installed on the field, these flow meters were used to measure the
amount of water supplied to the field, and at the end of each piping system, there
was also a pressure gauge. Figures 20 and 21 show the setup of the irrigation system

on the field.

Figure 20 The tanks supplying water to the field.



Figure 21 The irrigation setup.
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Figure 22 Disc filter and mesh filter.

3.10 Cultural practices

Three weeks after transplanting, the weeds on the field were handpicked on
every block. And there was a consistent weeding every two weeks. Staking of the
tomatoes was done 1 month after transplanting and this was done to give support to
the plants for both seasons of planting pruning was also done. Stalking done on the

field is displayed in figure 23 below.
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Figure 23 Staking done on the field.

3.11 Pest and disease management

Trichoderma was prepared in the lab and applied to the field 3 weeks after
transplanting, this was done to control fungal disease it was sprayed directly into the
soil. Beauveria was also applied to the field. Pesticide application was done with the
use of neem oil and surfactant. the mixture was 15 ml of neem oil to 20 liters of water
and the surfactant 10 ml to 20 ml of water. This was sprayed on the field using a
knapsack sprayer. Throughout both seasons of planting pesticide was sprayed thrice.
For the dry season of planting leaf curl disease and Bacterial wilt disease were noticed
on the field every plant with this symptom was uprooted from the field and disposed
of far from the field. For the second season of planting, bacterial wilt and Bacterial leaf
spot disease were recorded. All plants with the symptoms were uprooted and

disposed of far away from the field. Figure 24 shows the preparation of Trichoderma.
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Figures 25 and 26 visually indicate the process of spraying the field, showing clearly

how the task was done.

Figure 24 Preparing the Trichoderma before application.



Figure 25 Applying Trichoderma to the field.

a2
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Figure 26 Spraying of the field using the knapsack sprayer.

3.12 Plant height measurement

The plant height of the tagged plants was measured weekly using a measuring
tape. The measurements were taken from the soil surface to the tip of the highest
leaf. To ensure there was consistency and accuracy the measurement of the plant
height was taken by the same person. To take the measurement, the measuring tape
was held perpendicular to the ground, and the zero point was placed at the soil
surface. The tape was then extended to the tip of the highest leaf as shown in figure
27 below, and the measurement was recorded. The plant height data collected from
these measurements were then used to analyze the growth rate and growth pattern

of the plants over time.
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Figure 27 Plant measurement at an early stage of growth.

3.13 Harvesting

Harvesting started on the 6™ of May 2022 and on the 2™ of August 2022 for
the dry season of planting and rainy season of planting respectively. Eber varieties
were the first to attain ripening then a week later Sida and hybrid were also harvested
as well. For the dry season of planting, Tor plants were unable to survive on the field
they all died before the time of harvest. After harvesting, the fruits were counted and
weighed using a digital balance and classified into marketable and non-marketable
fruits. For non-marketable fruits, it was classified based on cracked, BER (Blossom End
Rot), underweight, and infested with worms and scabs. For some fruit to be marketable
it had to be free from all these categories listed above and have its color looking good.
The total fresh above-ground biomass was determined for each experimental plant.

Subsequently, all plants were dried in a solar drier for 24 hours to obtain dry biomass.
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3.14 Statistical analysis
Data collected were recorded by use of Microsoft Excel®. The different
treatments were compared using the single factorial ANOVA at a significant level of

0.05.

Figure 28 Tomato plant at flowering stage.



Figure 30 Eber variety under drip irrigation with no polytunnel.
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Figure 31 Tomato plant under eco tube irrigation.
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igure 32 Hybrid variety with drip irrigation and polytunnels.

F
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Figure 33 Sida variety polytunnel and eco tube irrigation.



Figure 35 Development of fruits.
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Figure 37 Biomass in a solar dryer.

3.13 Crop water requirement and irrigation scheduling

The initial irrigation scheduling was carried out based on the assessment of
long-term mean climate data provided by the Food and Agricultural Organization of
the United Nations (FAO) on the CLIMWAT database (FAO, 2022). Monthly data are

provided on: maximum air temperature (T ,.,), Minimum air temperature (T,), Mmean
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relative humidity of the air (RH,,,), wind speed (u), mean daily sunshine (R). Based on

the data available, reference evapotranspiration (ET,) was calculated using the

modified FAO Penman-Monteith equation (Allen et al., 1998). Figure 38 below shows

the initial estimation of ET,.
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Figure 38 FAO climate data analysis for irrigation planning.
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Weather data for the experimental period were obtained from the weather

station of the Field Crop Research Center of the Agricultural Service of Chiang Mai

Province. Available data were: T, ., Tmin, and RH. ET, was estimated based on the

Hargreaves method (Hargreaves and Samani, 1982). The resulting estimation of ET, was

used to adjust the irrigation in the experiment.
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Based on the climate data, the crop water requirement (CWR) was calculated

ETc_tomato = ETy * ke

Equation 1

Where ET. tomato is the potential crop evapotranspiration of a tomato crop,

which was considered equivalent to CWR. The crop coefficient (kc) was assumed to be

0.2 for the initial phase after transplanting and 1.6 after the full development of the

tomato crop after 60 days (Allen et al,, 1998). A linear increase for the time of crop

development was assumed, resulting in the CWR values for the experimental period

displayed in Figures 40 and 41 below.
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Figure 40 Crop water requirement (CWR) for the experimental period.
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CHAPTER 4
RESULTS AND DISCUSSION

4.1 Yield performance according to treatment in the dry season

Figure 42 below shows the various combination of treatments used during the
dry season experiment, this shows clearly that the highest yield was obtained in T5
(Poultry starter fertilizer, Eber variety, and drip irrigation) while the least yield was
obtained in T15 (Poultry starter fertilizer, Tor Variety, and eco tube irrigation). From the
various treatment combinations used, higher yields were obtained from the varieties
that had poultry starter fertilizer applied. The higher yield obtained is attributed to the
adequate release of essential nutrients, particularly nitrogen, phosphorus, and
potassium, present in the poultry starter fertilizer, which has been found to significantly
enhance crop growth and yield. Despite the higher nitrogen content observed in the
cow starter fertilizer used in this research, the yield was low, this is because the
nitrogen in the fertilizer is often bound up in complex molecules that are not easily
accessible to plants. (Kwon, 2019) Conversely, poultry starter fertilizer contains readily
available forms of nitrogen, which can be easily taken up by plants, resulting in more
efficient use of the available nitrogen and ultimately higher yields. (Smith and Jones,
2019). The result is consistent with the findings of (Wang et al. 2019), who reported
that poultry manure led to higher yields and nitrogen use efficiency when compared
to cow manure.

According to Aiyelaagbe et al., (2005) and Katung et al., (2005) who stated that
poultry starter fertilizer is known to provide the soil with adequate nutrient level and
promotes rapid vegetative growth. During the experiment, it was observed that plants
treated with poultry starter fertilizer had more healthy foliage compared to those
treated with cow starter fertilizer, this is because of the adequate amount of nitrogen
in the poultry starter fertilizer. (Barman et al., 2018) state that nitrogen is a component
of the chlorophyll molecule, which gives plants their pigmentation associated with
healthy growth, and foliage and it is involved in photosynthesis. However, dead plants

had to be replanted under plants grown with poultry starter fertilizer because high
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quantity was seen to damage the young seedlings. Furthermore, it is seen that the
highest influencing factors on the yield were the poultry starter fertilizer and drip
irrigation. Comparing the two methods of fertilizer used poultry starter fertilizer had
more influence on the yield of the tomato varieties in comparison with cow starter
fertilizer which is shown in figure 43 below. In the two irrigation systems used, there
was no significant difference between the yields. This is due to the direct application
of water near the root zone, which increases crops’ ability to use water for growth
while minimizing evaporation losses and leaching. As a result, leading to a Yield
increase in both systems of irrigation. Regardless of the treatment combination used,
the Eber variety consistently outperformed other varieties in terms of vyield,
demonstrating its superior productivity and potential as a high-yielding and reliable

crop for the dry season.

Yield according to treatment
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Figure 42 Yield according to treatment combination in the dry season.
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Figure 44 Yield according to the different irrigation systems in the dry season.

a, a= indicates a significant difference at P<0.05
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4.2 Crop yield performances According to Varieties in the dry season.

According to the results of the dry season experiment, the Eber (E) variety
produced more yield than the hybrid (H), Sida (S), and Tor (T) varieties. Figure 45 below,
illustrates that there was no difference in the yield between hybrid and Sida varieties.
Eber recorded + 25.25 g, Sida + 2.58 ¢, and hybrid + 4.13 g. The outstanding
performance of the Eber variety can be explained by its ability to withstand pest
infestation and harsh weather conditions which were not observed in the hybrid
variety, Sida variety, and Tor variety. During the dry season, the combination of low
rainfall and high humidity levels can lead to reduced yields in tomato plants. However,
Eber variety showed a higher yield compared to other varieties due to its adaptability
to these conditions. As a local variety, Eber variety developed traits that enable it to
better withstand the effects of low rainfall and high humidity, making it a valuable
option for Organic farmers looking to improve their tomato yields in the dry season.
When the fruit sizes of the different varieties were compared, it was observed that the
irrigation system or the starter fertilizer did not influence the size of the fruit; rather,

the size of the fruits was determined by genetic characteristics.

Yield according to different Varieties
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Figure 45 Yield according to the different varieties used in the dry season.

a, b= indicates a significant difference at P<0.05
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4.3 Yield performances according to treatment in the Rainy Season

Polytunnels were introduced in the rainy season experiment, these polytunnels were
used to protect the plants against direct rainfall, and wind damage, and prevent injury
from insects and diseases. In figure 46, the different treatment combinations are shown.
T3 represents the treatment combination of polytunnels, hybrid variety, and drip
irrigation, T1 represents polytunnels, Eber variety, drip irrigation, T2 polytunnel, Sida
variety, and drip irrigation, and T5 represents no polytunnel used Sida variety, and drip
irrigation. It was observed from the result that the highest yield was obtained in the
treatment combination of T3 and the least yield was obtained in T5. The use of
polytunnels in tomato production has been found to increase yield, according to the
findings of (Rogers and Wszelaki, 2012). This increase in yield can be attributed to the
reduction of pests and diseases in organically grown tomato plants, as demonstrated
by (Baysal et al.,, 2009). These results suggest that the use of polytunnels can be an
effective method for improving tomato yields, especially in organic farming systems
where chemical control of pests and diseases is restricted. As expected, the highest
influencing factor on yield in this season was the use of polytunnels compared to no
polytunnels. Observations made during the experiment showed that tomatoes grown
without the polytunnels had a higher incidence of pests and diseases due to excess
rainfall. The absence of an irrigation system in the non-polytunnel system likely
exacerbated this issue. These findings highlight the importance of protective structures
like polytunnels and adequate water management in mitigating the negative effects of
excess rainfall on tomato crops, ultimately leading to better yields. Moreover, the
presence of polytunnels has been shown to provide additional benefits beyond
reducing the incidence of pests and diseases, such as regulating temperature and
humidity, extending the growing season, and protecting plants from adverse weather
conditions. Drip irrigation appears to have contributed to the high yield in this planting
season as well. This is shown in figure 47 below as significantly higher yields were
obtained from the use of drip irrigation compared to eco tube irrigation. This
exceptionally higher yield in drip irrigation can be explained by the adequate amount
of water delivered to the plant root zone and ensuring water was saved efficiently.

This was not the case with eco tube irrigation as water loss was high, which can be
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attributed to the high rainfall that resulted in significant runoff under this system of

irrigation.
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Figure 46 Yield according to treatment combination in the rainy season.
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Figure 47 Yield according to the two irrigation systems in the rainy season.

a, b= indicates significant difference at P<0.05.
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Figure 48 Yield according to the use of polytunnels and no polytunnels in the rainy
season.

a, b=indicates significant difference at P<0.05.

4.4 Crop yield performances According to Varieties in the Rainy season

The rainy season experiment carried out showed that there was no difference
between the yield obtained from Eber (E) variety and Sida (S) variety as compared to
hybrid (H) variety, this is shown in figure 49 below. The hybrid variety weighed + 82.8
g, Eber weighed + 53.9 ¢, and Sida + 41.2 g. Although a control plant, the hybrid variety
performed better in this season. This was because, although the rainfall had a
detrimental impact on the eco tube irrigation, the hybrid variety established a good
root system and maintained vigorous growth even when affected by pests and

diseases.
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Figure 49 Yield according to different varieties used in the rainy season.

a, b= indicates significant difference at P<0.05.

4.5 Irrigation analysis for dry season

Comparing the overall yield obtained in the dry season there was no difference
between the use of drip irrigation and eco-tube irrigation. However, looking closely at
the treatment combinations shown in tables 10 and 11 below, there was a higher
water use efficiency in eco tube irrigation as compared to drip irrigation. This agrees
with the result of (Kunze et al., 2021), who recorded a higher water use efficiency in
the use of eco tube irrigation compared to the use of drip irrigation in their experiment.
This is because lIrrigation with eco tube at standard pressure consistently uses less
water than other irrigation systems, making it the most water-saving method. This is
consistent with the findings of (Prabhakar and Rank, 2022), who discovered a 26%
increase in WUE, attributing this to the fact that no moistening of the soil surface
occurred and evaporation was avoided. Thus, applying water and nutrients using the
porous pipe irrigation system thereby improves water use efficiency and minimizes
evaporation loss (Xiukang and Yingying, 2016). From the result, it was observed that a

higher yield was obtained under the use of drip irrigation which can be explained by
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the higher irrigation water used by this system. This is in line with the finding by (Xiukang
and Yingying, 2016), who discovered increasing irrigation levels increased the yield of
the tomato plant. (Biswas et al., 2016), similarly recorded increased tomato yield with
an increased water supply without mulch as well. In the rainy season, there was a clear
difference in yield between drip irrigation and eco tube irrigation. Drip irrigation had a
better performance than eco tube irrigation in terms of yield. Water use efficiency was
significantly higher in drip irrigation compared to eco tube irrigation. This is shown in
tables 12 and 13. The high rainfall this season, combined with the subsurface
installation of the eco tubes without dams to provide a firm hold to the plant, resulted
in a high runoff, lowering yield under the eco tube system. This explains why eco tube
irrigation performed poorly. Furthermore, with drip irrigation crops were planted on
dams, which provided a firm hold less irrigation water was applied, and water was
saved. There was an introduction of polytunnels, and as expected the use of
polytunnels influenced the yield as more yields were produced compared to no
polytunnels. From the result higher nonmarketable yield was obtained under no
polytunnel as a result of excess water, pest, and disease leading to most of the fruit

under this system cracked, spilled, diseased, and infested with worms.

Table 10 Irrigation analysis for Eber and Sida varieties in the dry season.

E-ber poultry cow
Drip Eco Drip Eco

Marketable yield t/ha 3.00 1.80 0.65 1.46
Non-marketable yield t/ha 5.59 3.95 1.58 222
Above-ground green biomass g/plant 40.13 11.88 7.73 6.05
Irrigation water applied mm 92.65 79.04 92.65 79.04
Water use efficiency (total yield) kg/m? 9.28 7.28 2.41 4.66
Sida

Marketable yield t/ha 0.10 0.39 0.00 0.17
Non-marketable yield t/ha 3.17 2.69 1.94 0.99
Above-ground green biomass g/plant 17.37 11.76 9.59 0.81

Irrigation water applied mm 92.65 79.04 92.65 79.04
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Water use efficiency (total yield)

Kg/m?

3.53

3.89

2.10

1.46

Table 11 Irrigation analysis for Hybrid and Tor varieties in the dry Season.

Hybrid poultry cow
Drip Eco Drip Eco
Marketable yield t/ha 0.80 0.21 0.00 0.04
Non-marketable yield t/ha 9.25 9.39 1.94 0.88
Above-ground green biomass g/plant 39.28 43.53 1241 0.48
Irrigation water applied mm 92.65 79.04 92.65 79.04
Water use efficiency (total yield) kg/m? 10.84 12.16 2.09 1.16
Tor
Marketable yield t/ha 0.00 0.00 0.00 0.00
Non-marketable yield t/ha 0.00 0.12 0.00 0.00
Above-ground green biomass g/plant 16.39 1.71 1.21 1.97
Irrigation water applied mm 92.65 79.04 92.65 79.04
Water use efficiency (total yield) Kg/m? 0.00 0.15 0.00 0.00
Table 12 Eber and Sida irrigation analysis in the rainy season.
E-ber polytunnel no tunnel
drip ECO drip ECO

Marketable yield t/ha 8.80 1.03 1.50 2.38

Non-marketable yield t/ha 4.99 0.61 5.57 3.43

Above-ground green biomass g/plant 12.69 4.84 10.23 6.93

Irrigation water applied mm 159.5 161.6 159.5 161.6

Water use efficiency (total yield) kg/m?® 14.89 2.07 7.63 7.35

Sida

Marketable yield t/ha 7.31 1.95 0.39 0.67

Non-marketable yield t/ha 2.61 0.77 272 1.15

Above-ground green biomass g/plant 21.27 7.78 6.67 1.72

Irrigation water applied mm 159.5 161.6 159.5 161.6

Water use efficiency (total yield) kg/m? 10.70 3.43 3.35 2.30

Table 13 Hybrid irrigation analysis in the rainy season.
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Hybrid polytunnel no tunnel

drip ECO drip ECO
Marketable yield t/ha 11.96 2.35 1.28 4.67
Non-marketable yield t/ha 6.11 1.90 3.33 2.85
Above-ground green biomass, g/plant 31.19 11.15 9.93 10.13
Irrigation water applied mm 159.5 161.6 159.5 161.6
Water use efficiency (total yield) Kg/m? 19.50 5.38 a.97 9.52

Table 14 Maximum and minimum temperature, the relative air humidity, amount of

rainfall, and reference crop evapotranspiration in both rainy and dry seasons.

month Max Min Mean rel. Rain ET,
temperature  temperature humidity

(tmax) (tmin) (RH..)

°0 O (%) (mm) (mm/day)
January 30.6 15.7 72.8 31.5 4.1
February 32.8 16.5 67.1 7.4 49
March 36.8 22.1 65.5 24.5 5.9
April 35.1 229 71.5 150.3 5.8
May 33.8 237 75.4 247.4 5.4
June 34.5 24.1 74.4 73.8 5.6
July 33.7 243 79.3 188.9 5.2
August 33.0 24.1 81.5 284.5 4.9

4.6 Plant Height According to Varieties

From the result shown, in Figure 50 for the dry season of planting it can be
seen that plant height varied across the four different varieties indicating a significant
difference in growth. However, there was no difference between the plant height of
Sida variety and Eber variety as compared to the plant height of hybrid variety. The
highest plant height was + 77.8 cm in the hybrid variety which was significantly higher
than that of other plants.
The result of the rainy season is shown in Figure 51. It can also be seen that there is
no difference between the plant heights of Eber and Sida as compared to the plant

height of the hybrid variety. The highest plant height was + 93.1 cm in the hybrid
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variety. There was no significant variation in plant height between the Sida and Eber

varieties throughout the two planting seasons (dry and rainy).

Plant height according to varieties

a

Hybrid Eber Sida Tor
Varieties

Figure 50 Plant height according to varieties in the dry season.

a, b, c= indicates significant difference at P<0.05
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Plant height according to Varieties
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Figure 51 Plant height according to varieties in the rainy season.

a, b= indicates a significant difference at P<0.05

4.7 Plant growth during the dry season and rainy season

Figures 52 and 53, show a line graph of the different varieties used in the study.
The graph shows an increase in slope signifying an increase in plant height; however,
on the 13" of May, 2022, there was a decline in slope, indicating that the Eber variety
and Sida variety had reached their full height. The same trend was also observed on
the 23" of July 2022, during the rainy season. When all varieties were compared, the
rapid growth of Eber and Sida stopped at a certain stage, whereas hybrid grew
continuously. This is because Eber and Sida are determinate varieties, and once plants

reach their full height, they focus all of their nutrients on fruit production.
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Figure 53 Plant growth in the rainy season.
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Figure 52 Plant growth in the dry season.
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4.8 Plant Height According to the Irrigation system

There was no significant influence of the irrigation methods on plant height;
however, the experiment revealed that less irrigation water resulted in increased plant
height in both planting seasons. The results of plant height during the two planting
seasons, as shown in figures 54 and 55 below, clearly reveal a difference between the
use of drip irrigation and eco tubes during the dry and rainy seasons.
The eco tube irrigation performed better in terms of plant height by producing an
average plant height of + 69.3 cm as compared to drip irrigation which produced +
57.3 cm during the dry seasons. This agrees with the findings of (Kunze et al., 2021),
who stated in their experiment that plant height was higher in the use of eco tube
irrigation compared to drip irrigation. In the rainy season, drip irrigation produced an

average plant height of + 81.9 cm as compared to the eco tube with + 78.66 cm.

Plant Height According to Irrigation

80 -

70 1

50 -
40 -
30 -

20 +

plant height (cm)

Eco Drip

Figure 54 Plant height according to irrication for the dry season

a, b= indicates a significant difference at P<0.05.
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Plant height according to irrigation
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Figure 55 plant height according to irrigation for the rainy season.

a, a = indicates significant difference at P<0.05.

4.9 Plant response to Irrigation

Figures 56 and 57 represent line graphs of the two irrigation systems. According
to figure 56, the plant height in the drip irrigation increased significantly in the early
and mid-stages of growth and was visible, but there was only a slight increase in plant
height at the final stage of growth. Plant height increased throughout the early stages
of growth with the eco tube irrigation, but there was no obvious growth during the
mid-stage, and there was a slight increase in plant height at the final stage. Figure 57
demonstrates that for both irrigation systems, plant height increased rapidly from the

early stage to the mid-stage, with just a slight increase at the final stage of growth.
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Figure 56 The response of plant height to irrigation in the dry season.
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Figure 57 The response of plant height in the rainy season.
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4.10 Plant Height According to Fertilizer

The result in figure 58, shows a variation in plant height due to the influence
of different starter fertilizers used (cow starter fertilizer and poultry starter fertilizer). It
can be seen, that there was a significant difference between the use of poultry starter
fertilizer and cow starter fertilizer. Comparing the two fertilizers used, the average plant
height was higher in poultry starter fertilizer at + 65.9 cm and cow starter fertilizer at
+ 52.3 cm. This agreed with the finding of (Ayeni et al., 2010) and (Direkvandi et al,,
2008) who stated a significant increase in plant height as a result of the application of
poultry fertilizer to tomato plants. This is attributed to the proper release of N.P.K
nutrients to the soil by the poultry starter.

Plant Height According to fertilizer

80 -
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70 -
60 - b
e
350-
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=
-
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A 90 4
10 -
O-

Poultry cow

Figure 58 Plant height according to fertilizer

a, b= indicates a significant difference at P<0.05
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CHAPTER 5
CONCLUSION AND RECOMMENDATION

The research work was carried out to ascertain the response of different
varieties of tomatoes to irrigation methods (drip and eco tube irrigation) and fertilizer
supply (poultry starter fertilizer and cow starter fertilizer). A proper method of irrigation
is essential to the production of crops, especially in a place like Thailand where water

is scarce for irrigation during the dry season.

The first hypothesis of this research, states that there is no significant difference
between crop performance in the use of drip irrigation and eco tube irrigation.
However, the study showed a significant difference between crop performance in drip
irrigation and eco tube irrigation in terms of plant height and biomass. It was observed
during the dry season, the use of eco tube irrigation led to higher plant height
compared to drip irrigation. This difference can be attributed to the subsurface
installation of eco tubes, which enabled direct water supply to the plant roots and
minimized evaporation. Although water was also supplied to the root of the plant in
drip irrigation, evaporation could not be completely avoided. As demonstrated from
the results, drip irrigation considerably consumed more irrigation water throughout
both planting seasons, which resulted in higher overall biomass when compared to
eco tube irrigation. Biomass was observed to be influenced by this increased irrigation
water. During the dry season, no significant difference was observed between the two
irrigation methods (drip and eco tube) in terms of yield. However, in the rainy season,
a significant difference was observed between the two irrigation methods. The yield in
the rainy season was significantly higher with the use of drip irrigation compared to eco
tube irrigation. This is attributed to the negative impact of the rainfall on eco tube

irrigation, which resulted in runoff and reduced water availability to the plant roots.

The second hypothesis states, that the water use efficiency in drip irrigation is
significantly different from the water use efficiency in eco tube irrigation. The result

from dry season showed that eco tube irrigation utilized lesser irrication water than
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drip irrigation, resulting in a higher water use efficiency. This can be explained by the
supply of water at low pressure, allowing uniform water distribution to plant roots
while reducing evaporation and deep percolation water losses and making this
irrigation method water efficient. Drip irrigation was found to be more efficient in terms
of water use than eco tube irrigation during the rainy season this was because, eco
tube irrigation used more irrigation water, and there was a significant loss of water due
to runoff as a result of heavy rainfall, which had an impact on field drainage as runoff
was seen particularly on eco tube irrigation. This runoff can be explained by the
subsurface installation of eco tubes, as well as the fact that they were not installed
on dams. In the rainy season, the two irrigation systems (eco tube and drip irrigation)
were used only under the polytunnels. Because there was no discernible difference
between the two irrigation methods farmers have the option to select between eco
tube and drip irrigation systems based on their available resources and preferences.
However, farmers need to be aware that eco tube irrigation may have a higher water
use efficiency compared to drip irrigation, which can result in cost savings in the long
run. To ensure the optimal performance of eco tube irrigation, farmers should take
into consideration the potential effect of heavy rainfall on the irrigation system. The
subsurface installation of eco tubes and the absence of installation on dams may
cause runoff, thereby negatively affecting field drainage. Thus, the choice of irrigation
system should be based on a thorough assessment of factors such as cost-
effectiveness, water use efficiency, and suitability for local conditions. Although any of
the two irrigation methods can be used during the dry season it is not advisable to
employ eco tube irrigation during the rainy season due to its inability to handle rainfall,
as found in this study. However, further research is required to explore various
installation and usage methods that could enhance eco tube irrigation's effectiveness

in subsequent research.

The development of crops using the two starter fertilizers (cow and poultry), revealed

that the use of poultry starter fertilizer produced higher fruit yield and plant growth
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than the use of cow starter fertilizer. The yield was measured based on the number
of fruits and the weight of the fruits, and it was discovered that more yield was
produced from tomato plants when poultry starter fertilizer was used, due to the
adequate amount of NPK (Nitrogen potassium and phosphorus) present in poultry
starter fertilizer. Proper care must be taken when applying poultry starter fertilizer, as
evidenced by the experiment, which revealed that replanting was required on some
of the young plants due to the high Nitrogen concentration with poultry starter
fertilizer, as plant damage would occur if not properly handled. As expected, the use
of polytunnels had a huge impact on the yield obtained compared to no polytunnel
used in the rainy season this is because, with the use of polytunnels, pests, and
diseases were controlled to a minimum as well as other environmental factors such
as temperature, and winds that could affect the yield were also controlled. Generally,
comparing the different organic varieties used the best variety in terms of yield, plant
growth, and above-ground biomass was Eber variety, its genetic composition allowed
it to withstand harsh conditions and pests and diseases. The research showed that
Eber variety had a high level of resistance to extreme weather conditions low rainfall,
high temperature, and high humidity throughout the dry season, producing consistently
good vyields. To enhance crop yields under difficult environmental conditions, Eber
variety can be used by farmers. The performance of the Tor and Sida varieties, which
are the most popular organic varieties among organic farmers in Thailand, was poor.
Farmers could instead go for Eber varieties, but Eber varieties are primarily produced

at Maejo University and are not common among organic farmers in Thailand.

Recommendation
Based on the findings of this research:

1. Irrigation: organic farmers, have the choice to choose between eco tube and

drip irrigation in the dry season. However, in the rainy season, drip irrigation is
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recommended for farmers. But if eco tube irrigation must be used in the rainy
season, the installation method should be changed from the subsurface
method that was used in this research. A surface irrigation method with dams
should be considered to prevent water runoff and improve field drainage. In
addition, the use of polytunnels during the rainy season is important to avoid
excess water for the plants. With the proper installation and appropriate use,
both eco tube and drip irrication can help to maintain a consistent supply of
water to plants throughout the dry season. for the rainy season, drip irrigation
and the use of polytunnels are recommended for optimal crop growth and
yield.

Eber variety should be used by organic farmers in Thailand because of its high
productivity and ability to withstand pests and diseases as demonstrated in the
research. With Eber variety, the risk of crop failure is reduced especially during
the dry season. Eber variety should also be made generally accessible to
organic farmers in Thailand that way it could encourage farmers and make
organic farming less difficult. This can be achieved by providing information on
where to obtain the seeds, and ensuring that the seeds are available in local
markets.

Vegetable farmers should use polytunnels in the rainy season as a way to
improve vyield by protecting plants from environmental factors. Polytunnels
also provide a controlled environment for plants, minimizing the impact of high
temperature and humidity levels. They can extend the growing season,
encouraging earlier planting and later harvesting, and also protect crops from
pests and diseases. In addition to these advantages, polytunnels can help to
reduce water usage by preventing evaporation, making them a sustainable and
environmentally-friendly choice for vegetable farming.

Poultry starter fertilizer should also be used by organic farmers as it helps to

improve yield. The use of poultry starter fertilizer is a beneficial practice that
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organic farmers should consider incorporating into their farming systems. Its
ability to improve yield, promote sustainability, and reduce costs makes it a

valuable resource for farmers looking to improve their overall farming practices.
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