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ABSTRACT
The popularity of cucumber has been on the increase over the years due to its nutritional and economic benefits. A field experiment was conducted at Teaching and Research Farm, Federal University Oye-Ekiti, (Longitude 708070N, latitude 504960E) to evaluate the influence of companion plants on the yield and post-harvest quality of cucumber. The hybrid cucumber seeds were bought from Agro-dealers in Akure. The companion crops which include sunflower, mint and marigold seedlings were obtained from the university’s teaching and research farm. A row plot was used for the study; each plot was 2m long and 1 meter between beds. The plots were separated by 1 meter. A total of 4 plots constituted a replicate. Data collected were analyzed using GLM procedure of SAS version 9.3 (2012). Findings indicted that the companion plants did not have significant impact on the vegetative characteristics of the plants. Significant differences existed for the yield and yield components of cucumber while insignificant differences were observed on the effect of companion plants on the post-harvest quality of cucumber. From the study, marigold as a companion plant had the most positive impact on the yield and yield components of cucumber. This is hence, recommended for further evaluation as thus approach can help mitigate the negative effect of synthetic pesticides on the soil quality as well as human health.
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CHAPTER ONE
1.0
INTRODUCTION

1.1
Description of the Major Crop (Cucumber) 
The Cucumber (Cucumis sativus) is a creeping vine that roots in the ground and grows up trellises or other supporting frames, wrapping around supports with thin, spiraling tendrils. It is of the monoecious annual crops in the Cucurbitaceae family and genus Cucumis. The vine of cucumber has large leaves which form canopy over the fruits, and yellow flowers which are mostly either male or female. The female flowers are recognized by the swollen ovary at the base, which will become the edible fruit. The shape of the fruits of cucumber is roughly cylindrical, but elongated with tapered ends, and it can be as large as 60cm long and 10cm in diameter. Having an enclosed seed and developing from a flower, cucumbers are scientifically classified as fruits. Cucumber fruits usually have more than 90% water content.
1.2
Description of the Associate Crops
Sunflower (Helianthus annuus L.) is an annual self-incompatible insect-pollinated plant.  It belongs to the family Compositae. It is native to North America where it has been domesticated at least 4000 years ago (Harter et al. 2004). Sunflower is an annual, erect, broadleaf plant with a strong taproot and prolific lateral spread of surface roots. Stems are usually round early in the season, angular and woody later in the season, and normally unbranched.
Peppermint (Mentha piperita), also known as M. balsamea Willd), is a hybrid mint, a cross between watermint and spearmint. The plant, indigenous to Europe and the Middle East, is now widespread in cultivation in many regions of the world. It is found wild occasionally with its parent species.
Mint (Mentha x piperita) is a common herb that is grown in Europe and North America. It is of the family Lamiaceae. Peppermint is currently one of the most economically important aromatid medicinal crops produced in the U.S. peppermint oil has various health values. (Aishwarya, et al., 2015)
Marigold (Tagetes erecta) are of two types which are  the large-flowered American (also referred to as African Marigold (Tagetes erecta) and the smaller-flowered French Marigold (Tagetes patula) A less well known species, Tagetes tenuifolia has small flowers and leaves than most other marigolds .it belongs to the family Compositae. It is annual plant which originates from native to North America. Cultivars of Tagetes erecta, sometimes referred to as American marigolds, are larger plants than the French type, often with fewer, larger double flowers. In the double-flowered cultivars, there are crested doubles, whose flowers are mounded and full, and anemone doubles whose flowers are flat and wide with a recessed center. It is a plant that requires full sunlight in other for photosynthesis to take place. Certain marigolds can aid in the reduction of root-knot nematodes.
1.3
Origin, Distribution and Economic Importance of Cucumber
The Cucumber (Cucumis sativus) is believed to have originated from (South foot of the Himalayas) or possibly Burma, where the plant is extremely variable in both vegetative and fruit characters. It is thought to be one of the oldest vegetables cultivated by man with historical records dating back 5,000 years (Wehner and Guner, 2004). 

The crop is the fourth most important vegetable after tomato, cabbage and onion in Asia (Tatlioglu, 1997), the second most important vegetable crop after tomato in Western Europe (Phu, 1997). In tropical Africa, its place has not been ranked because of limited use. Cucumber is a very important horticultural crop in the United States with an annual production valued at approximately $376 million in 2002 (Alfredo, 2005). With respect to economic importance, it ranks fourth after tomatoes cabbage and onion in Asia (Eifediyi and Remison, 2011), and second after tomato in Western Europe (Phu, 1997), though its place has not been ranked in tropical Africa because of limited use. Cucumber is a major fruit vegetable that is eaten raw (in salad) or cooked. It can also be put in vinegar; the crop serves as a major source of vitamins for people in developing countries. In spite of their importance, these crops are still in low productivity owing to several factors but water has been observed to be the principal yield limiting factor (Ayotamuno et al., 2000).
1.4
Influence of Associate Crops on yield 
There have been concerns on the effect of inorganic pesticides in the controlling of pests and diseases as it has been shown overtime to have residual detrimental effect on the quality of soil especially if used inappropriately. One pest-management alternative is the diversification of agricultural fields by establishing “polycultures” that include one or more different crop varieties or species within the same field, to more-closely match the higher species richness typical of natural systems. The use of companion crops is one of the approaches to polyculture. Hence, companion planting refers to the establishment of two or more species in close proximity so that some cultural benefit, such as pest control or increased yield, may be achieved. Some of the crops which have recorded significant success as companion crops include sunflower which have allelopathic effect on weeds due to secretion of chlorogenic acids, scopolin etc, and also helps to reduce pest problems such as corn borer or soybean cyst nematode can be reduced; peppermint (Mentha x piperita) which is a deterrent to pests such as mice, ants and other insects. Peppermint and spearmint oils are both effective in reducing nematodes in the soil (DAFF, 2012).  Marigold (Tagetes spp.) produces a substance called alpha-terthienyl, which can aid in the reduction of root-knot nematodes and other disease promoting organisms, such as fungi, bacteria, insects, and some viruses (Hethelyi et al., 1986; Soule, 1993). 
1.5
Problem Statement
It is generally known that Cucumber requires large area of land and their yield are largely reduced by insect pest infestation in a mono cropping system in the absence of application of insecticides One pest-management alternative is the diversification of agricultural fields by establishing “polycultures” that include one or more different crop varieties or species within the same field, to more-closely match the higher species richness typical of natural systems. There is growing public concern about pesticides’ non-target effects on humans and other organisms, and many pests have evolved resistance to some of the most commonly-used pesticides. Together, these factors have led to increasing interest in non-chemical; ecologically sound ways to manage pests. One pest-management alternative is the diversification of agricultural fields by establishing “polycultures” that include one or more different crop varieties or species within the same field, to more-closely match the higher species richness typical of natural systems. After all, destructive, explosive herbivore outbreaks typical of agricultural monocultures are rarely seen in highly-diverse unmanaged communities. Companion planting refers to the establishment of two or more species in close proximity so that some cultural benefit, such as pest control or increased yield, may be achieved.

1.6
Research Justification
There is growing public concern about pesticides’ non-target effects on humans and other organisms, and many pests have evolved resistance to some of the most commonly-used pesticides. Together, these factors have led to increasing interest in non-chemical; ecologically sound ways to manage pests. One pest-management alternative is the diversification of agricultural fields by establishing “polycultures” that include one or more different crop varieties or species within the same field, to more-closely match the higher species richness typical of natural systems.
1.7
Objectives of the research
Overall Objective:
To evaluate the agronomic performance, fruit yield and post-harvest quality of cucumber grown with three companion crops.
Specific Objective:

i. To evaluate the influence of companion plants on the growth of cucumber.

ii. To evaluate the influence of companion plants on the yield of cucumber.

iii. To evaluate the influence of companion plants on the post-harvest quality of cucumber.
1.7
Hypothesis
Null Hypotheses (H0): There will be no significant difference on the cucumber yield using the three companion crop as treatment.
Alternative Hypotheses (HA): There will be a significant difference on the cucumber yield using the three companion crop as treatments.
CHAPTER TWO
2.0
Literature Review

2.1 
Taxonomy and Adaptation
The cucumber (Cucumis sativus L.) belongs to the Cucurbitaceae family, one of the most important plant families. The Cucurbitaceae consists of 90 genera and 750 species. The genus Cucumis contains nearly 40 species including three important cultivated ones i.e., C. anguria L., C. sativus [cucumber], and C. melo L. [cantaloupe]). Other important crop plants in the Cucurbitaceae family are watermelon (Citrullus vulgaris), muskmelon (Cucumis melo L.), squash and pumpkin (Cucurbita pepo L., C. mixta Pang., C. moschata Poir., and C. maxima Duch.)
2.2
Uses 
In Nigeria, cucumber can be eaten raw as a relish or used in the preparation of vegetable salad, stew or sandwich (Sinnadurai, 1992). Cucumber fruit contains about 95% water and hence is recommended as a natural diuretic and for body building. It is low in Vitamin C, and potassium. The skin contains some amount of vitamin A. The fruit is also used to produce facial mask, body creams, lotions and shampoo. It helps to drop high blood pressure to healthier levels when eaten regularly and also helps to cure kidney ailments. Its juice is often recommended as source of silicon to improve the health and complexion of the skin (Duke, 1997).
2.3
Nutritional value 
Cucumber is a very good source of vitamins A, C, K, B6, potassium, pantothenic acid, magnesium, phosphorus, copper and manganese (Vimala et al., 1999). The ascorbic acid and caffeic acid contained in cucumber helps to reduce skin irritation and swollen (Okonmah, 2011). 
Cucumber helps to eliminate uric acid which is beneficial for those who have arthritis, and its fiber-rich skin and high levels of potassium and magnesium helps regulate blood pressure and help promote nutrient functions. The magnesium content in cucumbers also relaxes nerves and muscles and keeps blood circulating smoothly. Unlike European cucumbers, cucumbers (‘Manar’) are significantly smaller, generally from 125 to 175 mm in length, weigh less than 100 g, and are outstanding in flavor. Another characteristic of cucumbers is that they can be consumed unpeeled since they have a smooth and edible thin skin and are seedless. This new crop represents an opportunity for growers since it has been proven to grow well year-round under protected culture in Florida (Lamb et al., 2001).Successful introduction and marketing of cucumbers will be highly dependent upon adequate postharvest handling and marketing, which underscores the need for reliable data on the storage characteristics of this commodity.
2.4
Production 
Cucumber harvest season in Africa varies by geographic location and production system used. The production system can be open-field production (fresh market and 21 pickling cucumbers) or protected cultivation systems (fresh market only). Production in open fields will limit the harvest season as well as quality of the commodity. Production in protected culture systems, however, can extend the harvest season throughout the year and generate fruit of higher quality. Africa has a long harvest season for field-grown cucumbers and it extends from Mid-September through June depending on the growing region. In Nigeria, it is possible to obtain year-round harvests in protected cultivation systems, as is currently the case with the production of cucumbers in Nigeria. In the global market, (Wehner and Maynard 2003) reported that about 80% of the World’s production of cucumber is in Asia with China leading production (60%) followed by Turkey, Russia, Iran and the United States of America (U.S.A.) in that other. Cucumber is a major fruit vegetable that is eaten raw (in salad) or cooked. It can also be put in vinegar; the crop serves as a major source of vitamins for people in developing countries
2.5
Production Constraints
The rising demand for cucumber presents an urgent challenge for the developing countries of Africa. In Northern Nigeria, the main constraints to cucumber production are: lack of adequate rain, Shortage of trained manpower, management expertise and poor cultivation practices. Pseudoperonospora cubensis (Berkeley & Curtis) Rostovtsev is the causal agent of cucurbit downy mildew. It is one of the most devastating diseases of cucurbit crops worldwide. It infects crops in the cucurbitaceae or gourd family, including squash (Curcurbita ssp.), watermelon [Citrullus lanatus], melon (Cucumis melo L.), and cucumber (Cucumis sativus var. sativus L.) among others (Palti, 1975). Pseudoperonospora cubensis is found worldwide, causing significant yield losses in the USA, Europe, and Asia (Thomas, 1996). It has been found in over 70 countries, across diverse environments (semi-arid to tropical) (Cohen, 1981). It can infect over 50 different species in 20 genera (Lebeda and Urban, 2007). P. cubensis and its cucurbit hosts cannot survive freezing temperatures; consequently it overwinters in warmer climates (Holmes et al., 2004).  Intercropping, poor soil preparation, poor irrigation techniques, poor weeding and poor planting practices also hamper agricultural productivity (Ali et al., 2001). 
2.6
Soil and climatic requirement 
Optimum growth occurs between temperatures of 200C - 250C, with growth reduction occurring below 160C and above 300C (Takeda, 1981). However, research by (Shalaby and Hussein 1994) showed that lower temperatures and shorter days promote increased female tendencies in cucumber. The plant requires high level of humidity due to the large surface area of the leaves. The optimum relative humidity during the day is 60 – 70% and at night between 70 – 90%. Excess moisture during the day can reduce the production by reducing the result of transpiration and photosynthesis. As cucumber is a short day crop, flower and fruit production will be normal when daylight hours are shorter (less than 12 hours).  The soil on which the crop is to be grown should be loose and well drained. The crop is moderately salt-tolerant. The optimum pH is between 5.5 and 7. Cucumber fruit contains about 95% water (Hector et al., 1993) and Albert (2009) reported that water stress may cause a 50% reduction in cucumber in fruit weight. This implies that moisture fluctuation, especially soil water depletion, will cause growth deformity, which can reduce both the yield and the quality of the crop.
2.7
Cultivation 
Cucumber seeds are best sown on nursery beds or in nursery bowls to raise seedlings for transplanting in the field. The seeds are usually sown by method of drilling at a distance of (1.5 to 2.5m) x 60cm x 90cm plant spacing with a soil pH of 6.0-7.0. Two to three cucumber seed are sown in each pit by laying out in ring or base method and the recommended dimension of the bed is 4m by m or 2m at a spacing of 1m apart between bed and the bed should be raised to about 5cm to allow for good drainage (Kasshahunet al., 2012).Cucumbers growth season is relatively short, lasting 55-60 days for field-grown varieties, and over 70 days for greenhouse varieties. Cucumber seeds should ideally be grown in deep, fertile, humus-rich, free-draining, but moisture-retentive soils, which are free of nematodes. The seed should be grown on soils that have good water infiltration rates and moisture-holding capacities. On a normal cucumber plant, the first 10 - 20 flowers are male, and for every female flower, which will produce the fruit, 10 - 20 male flowers are produced. Flowering set progressively at the nodes. Developing fruit at the lower nodes may inhibit or delay fruit at subsequent nodes. Size and shape of the cucumber fruits are related to number of seeds produced. The soil should not be compacted and the pH should be 5.8-6.6.and the recommended relative humidity is 95. In Nigeria, the best growing season of growing cucumber is the rainy seasons which are April to November.
2.8
Management
As a horticultural practice of cucumber, soil mulch immensely contributes to plant growth as it aids water infiltration, retention, and it controls soil erosion by providing a cover on the soil and also helps to prevent soil-borne disease as it prevents rain splash which could lead to spread of inoculum (Erenstein et al., 2002). Staking supports plants with strong and durable materials, like wooden sticks or metal poles, to reduce contact between fruits, stems, leaves and the ground plants and this also lessens decay of the fruit and plant parts from soil borne diseases, thereby improving on fruit quality (Saunyama et al., 2004). Training of cucumber is done as cucumbers may be grown in trellises or in ground culture. Trellis the oriental slicing types to prevent the development of crooked Yields of fruits for non-trellised cucumbers will be 40 to 75 percent of those obtained with staked cucumbers. Cucumber requires a constant water supply to produce high quality and yields. Periods of growth when the plant is most susceptible to irrigation deficits include seed germination, flowering, and fruit enlargement. The frequency of irrigation depends largely on soil type and weather conditions. 
2.9
Pest and Diseases
Cucumber yields are frequently reduced by a myriad of insect, disease, and weed pests. For example, over 40 different diseases are known to infest this crop. Cucumbers are especially susceptible to pest attack when growing conditions are less than ideal and when sound cultural practices have not been followed. Some of the prevalent diseases of cucumber include damping off (fungi), leaf spots - Alternaria (fungus), angular (bacterium), powdery mildew (fungus), cucumber scab (fungus), bacterial wilt (bacterium) and mosaic (virus), while pests of economic importance include seed corn maggot, cutworms, cucumber beetle, two-spotted spider mite and tarnished plant bug
2.10
Harvest and Yield
Cucumbers destined for fresh consumption are manually harvested, unlike processing cucumbers which are also harvested mechanically; approximately two-thirds of the national production is machine-harvested (Estes and Cates, 2001). Cucumbers grown for the fresh market are harvested as they reach commercial maturity, allowing for multiple harvests per season. The maturity at harvest is the most important factor that determines postharvest quality (Kader, 1996; Schouten et al., 2004). Maturity on cucumbers is assessed subjectively based on color, shape, size and appearance (free of malformations, injury and decay) (Kader, 1996; U.S. Standards for Grades of Greenhouse Cucumbers, 1999). Cucumbers are picked manually. The fruit is held near the stem and clipped or snapped, not pulled, off the vines with a slight, twisting motion that minimizes pulled ends." Pulled-off fruits have an "open wound" where the fruit skin is tom off. The fruit shrivels around this spot. The frequency of harvest is usually every other day or daily during the warm months and 2 to 3 times per week during cooler weather or at higher elevations. Fruit quality is best controlled when fruit is picked daily, especially during warm weather. Daily harvest is recommended for the oriental slicing types. In large operations, cucumbers are picked and placed in 40- to 50pound buckets that are put in bins, which a truck takes to a packing shed. An alternative harvesting operation consists of a conveyor belt. Pickers in the field travel a few feet to the conveyor belt on which the cucumbers are placed and conveyed into a loading truck. Bruising of fruit from excessive handling and unloading is significantly reduced with the conveyor belt. Simpler harvesting aids, including hand carts to hold picking containers, also improve harvest labor efficiency. Cucumbers should be kept in the shade until taken to the packing house where they may be hydro-cooled, washed, sorted, graded, sized, packed, unitized for shipment and shipped to their destination market. 

2.11
Influence of associate crops on yield 

2.12
Post-harvest losses          
2.12.1
Chilling Injury: Chilling injury is a physiological disorder that occurs when chilling-sensitive fruits or vegetables are exposed to low but non-freezing temperatures (Hakim et al., 1999; Kang et al., 2002; Saltveit, 2002). It is believed that cell membranes are the primary sites of storage disorders such as chilling injury expression (Shewfelt and del Rosario, 2000) but a biochemical pathway to elucidate the chilling injury mechanism has not been established yet (Balandrán-Quintana et al., 2003). Chilling injury is a cumulative process and the level of damage will depend on the temperature and the length of exposure (Cantwell and Kasmire, 2002; Saltveit, 2002). For chilling injury damage, to be evident in cucumbers the fruit must be exposed to chilling temperatures for several days (Hakim et al., 1999; Saltveit, 2002) and visual symptoms may not be expressed until after the fruit is transferred to higher storage temperatures (DeEll et al., 2000). Although chilling injury in cucumbers can vary depending on the cultivar (Hakim et al., 1999; Thompson, 2002) and pre-harvest factors, it is generally accepted that cucumber storage below 10 ºC will cause chilling injury thus limiting the shelf life of the product. Chilling injury in cucumbers results in the sinking of spines, water soaking, pit formation (Hakim et al., 25 1999), increased susceptibility to decay and the development of brown or black lesions that follow pitting (Cantwell and Kasmire, 2002), reduced storage life, increased rates of ion leakage due to membrane damage (Kang et al., 2002; Saltveit, 2002), as well as the appearance of dark watery patches (DeEll et al., 2000). 
2.12.2
Ethylene Injury
Ethylene is required to complete the ripening process in climacteric fruit but not in non-climacteric fruit (Lelièvre et al., 1997; Phillips et al., 2004). Cucumbers produce little or no ethylene after harvest and there is no concomitant rise in respiration rate allowing for the classification of cucumbers as non-climacteric (Saltveit and McFeeters, 1980; Wehner et al., 2000). It is important to note that cucumbers become horticulturally or commercially mature at a physiologically immature stage, which makes ripening unnecessary from a marketing standpoint. Cucumbers respond negatively to ethylene and the changes associated with ethylene exposure are deemed as detrimental. The role of ethylene, a gaseous plant hormone (Huang et al., 2003), is widely documented in regulating many physiological and developmental plant processes (Deikman, 1997; Johnson and Ecker, 1998; Kader, 2002; Huang et al., 2003; Hongwei and Ecker, 2004). In cucumber plants, ethylene plays a role in determining sex expression, however its effects on fruit tissue are deemed detrimental because they reduce consumer acceptance of the product by negatively affecting appearance, firmness and other attributes, such as color, that define the quality of cucumbers. Cucumbers are highly sensitive to external ethylene (Kader, 2002) and its exposure results in accelerated color loss, higher susceptibility to decay and unwanted tissue softening (Saltveit, 1998). 27 Ethylene is synthesized in plant tissue from methionine via a series of enzymatic reactions (Saltveit, 1999). Production of ethylene prior to ripening is very low but increases at the onset of ripening (Yang and Oetiker, 1998) which controls the initiation of changes in biochemical and physiological attributes such as texture, color, aroma volatiles and flavor (Lelièvre et al., 1997) associated with fruit ripening in climacteric fruits, but which result in unacceptable quality in non-climacteric fruit such as cucumbers. 
2.13
Sustainable Agronomic practices and benefits of cucumber with sunflower, mint and marigold
Sunflower produces residues that have allelopathic effect on weeds due to secretion of chlorogenic acids, scopolin etc. Peppermint (Mentha x piperita) is a deterrent to pests such as mice, ants and other insects. Peppermint and spearmint oils are both effective in reducing nematodes in the soil.(department of Agriculture, forestry and fisheries, 2012).Intercropping Sunflower (Helianthus annuuls) to an existing crop can help reduce pest problems such as corn borer or soybean cyst nematode can be reduced. One of the real advantages of sunflower is that its vigorous growth and robust size make it very competitive with most weeds. Marigold (Tagetes spp.), which is a popular bedding plant, can be used as such a cover crop. Marigold produces a substance called alpha-terthienyl, which can aid in the reduction of root-knot nematodes and other disease promoting organisms, such as fungi, bacteria, insects, and some viruses (Hethelyi et al., 1986; Soule, 1993). African (T. erecta) and French marigolds (T. patula) are the most commonly used species of these plants. Marigolds may be resistant to some nematode species but may be very susceptible to others. African marigolds also release thiopene, which acts as a repellent to nematodes. Similarly, studies exploring various barley cultivars discovered that airborne exposure of certain combinations of undamaged cultivars caused the receiving plant to become less acceptable to aphids and this was also confirmed in field settings. 
2.14
Storage
After harvest, the quality of a commodity starts to decline, making the shelf-life dependent on the postharvest treatments the commodity receives. Temperature management is generally the most effective and the most used tool to extend the postharvest life of many horticultural commodities, including cucumbers (Kader, 2002). Due to their chilling-sensitive nature, it is recommended that cucumbers be stored at 7 to 10 ºC and 85 to 95% relative humidity (RH) in air (DeEll et al., 2000; Thompson, 2002), 8 to 12 ºC in 1 to 4% 02 and 0% CO2 (Cantwell and Kasmire, 2002), or 10 to 12.5 ºC (Paull, 1999; Kader, 2002; Suslow, 2002). Storing the commodity at temperatures below 230C the recommended storage temperature will not only limit the quality and shelf life of a product but is also a redundant cost. Appropriate temperature management is also essential from a food safety and marketing standpoint. In part driven by consumer pressure as well as other competitive market forces, food purveyors need suppliers that will provide product that is safe and of consistent quality year round. Therefore, growers and food handlers must ensure that every step taken is in accordance with recommended guidelines for that particular commodity. Another important aspect of cucumber storage is the use of protective shrink-wrap films, such as polyethylene films, to protect greenhouse-grown from excessive water loss (Cazier, 2000) and consequent shriveling. Film wrapping has been reported to extend the shelf-life of some fruits due to the modified-atmosphere effect it creates (Wang and Qi, 1997). Depending on the permeability of the film, the gas composition of the atmosphere between the fruit and the protective film can be modified through the respiration and transpiration of the product (Thompson, 2003). The consumption of O2 through respiration causes the level of O2 to be diminished while the levels of CO2 increase. Transpiration on the other hand causes water vapor to accumulate inside sealed films, increasing the relative humidity of the atmosphere and leading to condensation when the RH reaches 100%. These three variables along with ethylene, storage temperature and the duration of storage form the six environmental variables that are regulated in modified atmosphere packaging (Saltveit, 2002). Modified atmosphere packaging has also been reported to reduce both the onset and severity of chilling injury in wrapped cucumbers as a result of increased levels of 24 polyamines in wrapped fruit (Wang and Qi, 1997). Reduction in the expression of chilling injury symptoms as a result of modified atmosphere have also been reported in mango (Pesis et al., 2000), carambola (Ali et al., 2004) and citrus (Porat et al., 2004). In the case of cucumbers the main benefit obtained from shrink-wrap film for individual cucumbers is the reduction of moisture loss, since the permeable film wrap offers protection from moisture exchange but does not restrict gas movement (Wang and Qi, 1997).

CHAPTER THREE

3.0
Material and methods

3.1
Materials
One variety of cucumber seed was used for this experiment (market more). The seed was purchased from Akure. Ondo State, Nigeria at First Lets Farm Integrated Limited. 61, Samuel Abiodun street, Oluwatuyi quarters, Akure, while the seedlings  of marigold and roots of peppermint and seeds of sunflower  were obtained from the teaching and research farm of the Federal University, Oye-Ekiti, Ikole Campus. The seeds sunflower were extracted and processed. The three associated crop used were African marigold (Tagetes erecta), sunflower (Helianthus annuuls) and peppermint (Mentha piperita)
3.2
Experimental site
The experiment was conducted at the Teaching and Research Farm, department of Crop Science and Horticulture, Federal University Oye-Ekiti (7°48N; 005°29E) in the rainy season between (April 2016 to June 2016). The experimental site was located in Ikole Local Government, Ekiti North East. Prior the study, soil test was done which the result is presented in table 1

Table 1: Physicochemical properties of the teaching and research farm, Federal University Oye-Ekiti, Ikole campus.
	Soil Properties
	Values

	pH (in H2O, 1:1)
	5.7

	OM (%)
	0.82

	N (%)
	0.08

	Available phosphorus (Bray Method)
	219.33

	Exchangeable Mg (Cmolkg-1)
	0.19

	Exchangeable K (Cmolkg-1)
	0.48

	Exchangeable Na (Cmolkg-1)
	0.07

	Exchangeable Ca (Cmolkg-1)
	2.93

	ECEC
	3.68

	Zn (ppm)
	1.12

	Cu (ppm)
	1.01

	Mn (ppm)
	107.7

	Fe (ppm)
	180.07

	Particle Size
	

	% Sand
	68

	% Silt
	20

	% Clay
	11

	Textural Class
	Sandy loam


3.3
Experimental design
The experimental area was 9 meters by 8 meters. The field was cleared manually and bed sizes of 2m x 1m were made at 1m apart. A single row plot was used for the study. Randomized Complete Block Design (RCBD) was used for the experiment. A total of 4 plots per replication with 3 replicates were used. The cucumber seeds were planted at a spacing of 60 x 90 cm, which gave a plant population of 6 stands per plot. The three companion plants were planted as border plants while one plot was left as control for the three replicates.
3.4
Field layout
The field layout is shown in table 2
Table 2: Field layout

	REPLICATE ONE
	REPLICATE  TWO
	REPLICATE THREE

	PLOT 1
	Cucumber, Marigold
	PLOT 1
	Cucumber, Mint
	PLOT 1
	Cucumber, sunflower

	PLOT 2
	Cucumber, mint
	PLOT 2
	Cucumber, Sunflower
	PLOT 2
	Cucumber, Marigold

	PLOT 3
	Cucumber, Sunflower
	PLOT 3
	Cucumber alone
	PLOT 3
	Cucumber, Mint

	PLOT 4
	Cucumber alone
	PLOT 4
	Cucumber, Marigold
	PLOT 4
	Cucumber alone


3.5
Planting
The cucumber seeds were planted at a spacing of 60 x 90 cm, which gave a plant population of 6 stands per plot. 2 seeds were planted per hole at the depth of 5cm. The seedlings of three companion plants were transplanted as border plants on the edge of the ridges.

3.5
Crop management
Some of the crop management practices done on the field include:
a. Supplying: This is the replanting of cucumber seeds on missing stands. This was done a week after planting.
b. Thinning: This is the removal of excess cucumber plants on the plot. This was done by carefully rouging the cucumber stands with low vigour, leaving one plant per stand.
c. Weeding: This is the removal of unwanted plants and weeds around the experimental plot. The weeding was done manually using hoes. It was done at two week interval. 
3.6
Data collection
Data was collected on the following parameters at different stages. Three plants were randomly tagged per bed for data collection and records were collected after planting. These records include the following:
· Vine length: This was collected on weekly basis, and was determined by measuring the height from the soil surface to the apical shoot using a metre rule for vine length.
· Number of leaves: This was collected on a weekly basis and was determined by counting the number of leaves produced by individual stands.
· Number of fruits produced per plant: This was determined by counting and finding the average of the number of fruits produced by the randomly tagged plants in each plot.
· Days of first flowering: This is the period between planting and the appearance of first flower on a plant.
· Days to 50% flowering and Fruiting: This is the period between planting and the appearance of flower on a 50% of the plants.
· Disease Incidence: This was determined by recording the number of plants showing unambiguous foliar characteristics of disease infection per bed. The disease incidence was estimated using the formula:

      
Disease incidence (%) = Number of infected plants/bed    x 100 

                                                   
Number of plants/bed
· Disease severity: This is the extent effect of disease infestation on a plant. The scale for measuring this was:
· 1=severe infestation: This was determined by visual appraisal of the randomly tagged plants and it is indicated 1
· 2=mild infestation: This was determined by visual appraisal of the randomly tagged plants and it is indicated by 2
· 3=very slight: This was determined by visual appraisal of the randomly tagged plants and it is indicated by 3
· 4=no infestation: This was determined by visual appraisal of the randomly tagged plants and it is indicated by 4
· Fresh weight: This was determined by taking the weight of the freshly harvested cucumber
· Firmness: This was determined by hand feeling of the fruit know to determine the level of rottenness. It was done at a daily interval after harvest.
· Fruit weight: This was determined by taking the weight of fruit with a weighing scale at harvest.
· Yield per plant: This was determined by weighing and determining the average weight of fruits produced by the randomly tagged plants in each plot at harvesting
· Yield per hectare: To be extrapolated from the cumulative weight of the tagged plants in the net plot and converted to hectare equivalent.
· Weight-loss: This is the reduction of weight over the storage period. It was determined by using a weighing scale.
· Colour change: This is a postharvest parameter used to determine the integrity of the fruit. This was determined by visual appraisal of the colour change.
· Palatability test: This is the change in taste of the fruit within the storage interval. This was determined by using a scale of 1-4 to determine the taste
3.7
Data analysis
The data collected was summarized and subjected to Analysis of Variance and Mean Separation using the GLM procedure of SAS Institute Version 9.3 (2012).

CHAPTER FOUR

4.0
RESULTS

4.1
Mean separation for growth parameters

4.1.1
Mean separation for vine length
The mean separation for vine length is shown in table 3. The vine length at one week after planting was highest in cucumber associated with marigold (8.21) while the least height was recorded in control (4.87). At the second week, the vine length was in the range of 6.34 – 8.99cm with the least length being in Cucumber + sunflower and highest length being cucumber + marigold.  The vine length for the third week was longest in cucumber + marigold while cucumber + sunflower recorded the least length at 11.71cm and 7.81cm respectively. Similar trend was recorded for the fourth week with cucumber + marigold recording vine length of 18.00cm and cucumber + sunflower recording 13.49cm. During the 5th week, cucumber + marigold had the highest length of 42.71cm while control had the least of 22.60cm. In respect of the 6th week, cucumber + marigold had the longest vine of 68.96cm while the shortest vine was control with 27.69cm. In the 7th week, cucumber + marigold had the longest vine length at 71.66cm while the least was recorded in control. In the 8th week, a similar trend was observed with cucumber + marigold recording the longest vine length of 74.99cm while the least was recorded in control with 31.59cm.
Table 3:
Mean Separation for vine length
	Treatment
	VL1WK (cm)
	VL2WK (cm)
	VL3WK (cm)
	VL4WK (cm)
	VL5WK (cm)
	VL6WK (cm)
	VL7WK (cm)
	VL8WK (cm)

	Cucumber, marigold
	8.21a
	8.99a
	11.71a
	18.00a
	47.21a
	68.96a
	71.66a
	74.99a

	Cucumber, mint
	6.59ab
	8.12a
	8.51b
	15.02ab
	43.93a
	55.82ab
	56.07ab
	59.40ab

	Cucumber, sunflower
	5.80b
	6.34a
	7.81b
	13.49b
	25.88a
	38.97ab
	40.74ab
	44.07ab

	Control 
	4.87b
	6.61a
	9.60ab
	14.07b
	22.06a
	27.69b
	28.26b
	31.59b


Means with the same alphabets are not significantly different from each other at P<0.05
VL1WK = Vine length at one week, VL2WK = Vine length at two weeks, VL3WK = Vine length at three weeks, VL4WK = Vine length at four weeks, VL5WK = Vine length at five weeks, VL6WK = Vine length at six weeks, VL7WK = Vine length at seven weeks, VL8WK = Vine length at eight weeks.
4.1.2
Mean separation for leaf length
The mean separation for leaf length is shown in table 4. At one week after harvest, the leaf length was longest in cucumber + marigold (2.97cm) while the least was recorded in control (2.41cm). In the second week, it was longest in cucumber + marigold (3.28cm) and the least in cucumber + mint (2.60cm). For the third week, the leaf length was longest in cucumber + sunflower (3.50cm) and the least recorded in cucumber + mint (2.81cm). In respect of the 4th week, the longest leaf was in cucumber + marigold (3.68 cm) while it was shortest in control (3.08cm). For the 5th week, the longest leaf length was recorded in cucumber + mint (10.18cm) while the shortest was recorded in control (5.95cm). With respect to the 6th week, cucumber + marigold recorded the longest leaf (11.49cm) while the shortest was recorded in control (6.43cm). In the 7th week, cucumber + marigold recorded the longest leaf (11.89cm) while the least was recorded in control (7.59cm). For the 8th week, a similar trend of result was recorded with cucumber + marigold recording the longest (12.27cm) and control recording the least (7.97cm).

Table 4:
Mean Separation for Leaf Length
	Treatment
	LL1WK (cm)
	LL2WK (cm)
	LL3WK (cm)
	LL4WK (cm)
	LL5WK (cm)
	LL6WK (cm)
	LL7WK (cm)
	LL8WK (cm)

	Cucumber, marigold
	2.97a
	3.28a
	3.45ab
	3.68a
	9.78a
	11.49a
	11.89a
	12.27a

	Cucumber, mint
	2.24a
	2.60a
	 2.81b
	 3.21a
	 10.18a
	10.06a
	 10.16a
	 10.54a

	Cucumber, sunflower
	2.57a
	2.96a
	3.50a
	3.45a
	7.65ab
	8.19ab
	8.38ab
	8.76ab

	Control 
	2.41a
	 2.78a
	 3.03ab
	 3.08a
	 5.95b
	 6.43b
	 7.59b
	 7.97b


Means with the same alphabets are not significantly different from each other at P<0.05
LL1WK = Leaf length at one week, LL2WK = Leaf length at two weeks, LL3WK = Leaf length at three weeks, LL4WK = Leaf length at four weeks, LL5WK = Leaf length at five weeks, LL6WK = Leaf length at six weeks, LL7WK = Leaf length at seven weeks, LL8WK = Leaf length at eight weeks.
4.1.3
Mean separation for leaf breadth
The mean separation of leaf breadth is shown in table 5. In the first week after planting, the widest leaf was observed in cucumber + marigold (3.19cm) while the least was recorded in cucumber + mint (2.63cm). During the second week after planting, cucumber + sunflower recorded the highest the widest leaf (4.22cm) while the least was recorded in cucumber + mint (3.48cm). During the 3rd week after planting, cucumber + marigold had the widest leaf while the least was observed in cucumber + mint (4.06cm). At 4 week after planting, cucumber + marigold had the widest leaf (5.93cm) while the least was recorded in control (5.32cm). With respect to the 5th week after planting, the widest leaf was recorded in cucumber + mint (11.42cm) while the least was recorded in control (7.20cm). The same trend was observed in the 6th, 7th and 8th week after planting. At the 8th week, cucumber + marigold had the widest leaf (13.52cm) while the least was recorded in control (9.22cm).

4.1.4
Mean separation for leaf area
The mean separation for leaf area is shown in table 6. The leaf area at 3 weeks after harvest was highest in cucumber + sunflower (12.16cm) while the least was recorded in cucumber + mint (8.36cm). Regarding the 6th week after harvest, the highest leaf area was recorded in cucumber + marigold (115.59cm) while the least was recorded in control (36.35cm).
Table 5:
Mean separation for leaf breadth
	Treatment
	LB1WK
	LB2WK
	LB3WK
	LB4WK
	LB5WK
	LB6WK
	LB7WK
	LB8WK

	Cucumber, marigold
	3.19a
	4.14a
	4.70ab
	5.93a
	11.03a
	12.74a
	 13.14a
	13.52a

	Cucumber, mint
	 2.63a
	 3.48a
	 4.06b
	 5.46a
	 11.42a
	11.31a
	11.41a
	 11.79a

	Cucumber, sunflower
	3.01a
	4.22a
	4.75a
	5.70a
	8.90ab
	9.44a
	9.63a
	10.01a

	Control 
	 3.08a
	 3.90a
	 4.28ab
	 5.32a
	 7.20b
	 7.68a
	 8.84a
	 9.22a


Means with the same alphabets are not significantly different from each other at P<0.05
LB1WK = Leaf breadth at one week, LB2WK = Leaf breadth at two weeks, LB3WK = Leaf breadth at three weeks, LB4WK = Leaf breadth at four weeks, LB5WK = Leaf breadth at five weeks, LB6WK = Leaf breadth at six weeks, LB7WK = Leaf breadth at seven weeks, LB8WK = Leaf breadth at eight weeks.
Table 6: Mean Separation for leaf area
	Treatment
	LA3WK
	LA6WK

	Cucumber, marigold
	11.933ab
	115.59a

	Cucumber, mint
	8.363b
	84.49a

	Cucumber, sunflower
	12.160a
	56.93a

	Control 
	9.503ab
	36.36a


Means with the same alphabets are not significantly different from each other at P<0.05
LA3WK = Leaf area at 3 weeks after planting, LA6WK = Leaf area at 6 weeks after planting
4.1.5
Mean separation for number of leaves
The mean separation for number of leaves is shown in table 7. One week after planting, all the treatments had 2 leaves. Two weeks after planting, cucumber + marigold recorded the highest number of leaves (4.34) while the least was recorded in control (3.89). Control recorded the highest number of leaves at 3 weeks after planting, while the least was recorded in cucumber + marigold (4.44). 4 weeks after planting, cucumber + marigold had the highest number of leaves (5.77) while the least was recorded in control (5.33). At 5 weeks after planting, cucumber + sunflower had the most number of leaves (12.11) while the least was recorded in control (8.33). Cucumber + mint recorded the highest number of leaves at 6 weeks after planting (18.89) while the least was recorded in control. A similar trend was recorded in the 7th week after planting. At 8 weeks after planting, cucumber + mint recorded the highest number of leaves (24.33) while the least was recorded in control (17.11).
Table 7:
Mean Separation for number of leaves
	Treatment
	NL1WK
	NL2WK
	NL3WK
	NL4WK
	NL5WK
	NL6WK
	NL7WK
	NL8WK

	Cucumber, marigold
	2.000a
	4.3367a
	4.4433a
	5.7767a
	12.000a
	18.667a
	21.333a
	24.333a

	Cucumber, mint
	2.000a
	4.4433a
	4.7767a
	 5.3333a
	 9.667a
	 18.890a
	20.443a
	 23.443a

	Cucumber, sunflower
	2.000a
	4.1100a
	 4.5533a
	5.5533a
	12.113a
	16.667a
	18.110a
	21.110a

	Control 
	2.000a
	 3.8867a
	4.7767a
	 5.3333a
	 8.333a
	 11.997a
	 14.113a
	17.113a 


Means with the same alphabets are not significantly different from each other at P<0.05
NL1WK = No. of leaves at one week, NL2WK = No. of leaves at two weeks, NL3WK = No. of leaves at three weeks, NL4WK = No. of leaves at four weeks, NL5WK = No. of leaves at five weeks, NL6WK = No. of leaves at six weeks, NL7WK = No. of leaves at seven weeks, NL8WK = No. of leaves at eight weeks.
4.2
Mean separation for pest and disease indices

4.2.1
Mean separation for leaf infestation
Mean separation for leaf infestation is shown in table 8. Cucumber + marigold had the highest number of infested leaves (3.33) 1 week after planting while cucumber + mint had the lowest number of infested leaves (2.33) 1 week after planting. At 2 and 3 weeks after planting, control had the most infested leaves (3.33) while the least was obtained in cucumber + mint (2.67). From the 4th week after planting to the 8th week after planting, control recorded the highest leaf infestation (3.00) while the least was recorded in cucumber + mint and cucumber + sunflower (2.67).
4.2.2
Mean Separation for diseases incidence
The mean separation for incidence of diseases is shown in table 9. Control was the most infected treatment with a disease incidence of 55.74%. This was followed by cucumber + mint, cucumber + sunflower with 38.87% each, and the least disease was recorded in cucumber + marigold.

Table 8: Mean Separation
	Treatment
	LI1WK
	LI2WK
	LI3WK
	LI4WK
	LI5WK
	LI6WK
	LI7WK
	LI8WK

	Cucumber, marigold
	3.3333a
	 3.0000ab
	3.0000a
	3.0000b
	3.0000a
	3.0000a
	3.0000a
	3.0000a

	Cucumber, mint
	 2.3333a
	2.6667ab
	 2.6667a
	2.6667b
	2.6667a
	 2.6667a
	2.6667a
	2.6667a

	Cucumber, sunflower
	2.3333a
	 2.3333b
	2.6667a
	2.6667b
	2.6667a
	2.6667a
	2.6667a
	2.6667a

	Control 
	 3.0000a
	3.3333a
	3.3333a
	 3.6667a
	3.0000a
	 3.0000a
	 3.0000a
	 3.0000a


Means with the same alphabets are not significantly different from each other at P<0.05
LI1WK = Leaf infestation at one week, LI2WK = Leaf infestation at two weeks, LI3WK = Leaf infestation at three weeks, LI4WK = Leaf infestation at four weeks, LI5WK = Leaf infestation at five weeks, LI6WK = Leaf infestation at six weeks, LI7WK = Leaf infestation at seven weeks, LI8WK = Leaf infestation at eight weeks.
Table 9:
Mean separation for disease incidence
	Treatment
	DI

	Cucumber, marigold
	27.777b

	Cucumber, mint
	38.887ab

	Cucumber, sunflower
	38.887ab

	Control 
	 55.557a


Means with the same alphabets are not significantly different from each other at P<0.05
DI = Disease incidence
4.3
Mean separation for yield and yield components

4.3.1
Mean separation for number of fruits per plant
The mean separation for number of fruits per plant is shown in table 10. The first four weeks recorded no fruit appearance on the plant. Four weeks after planting, the most fruits were recorded in cucumber + marigold (0.99) fruits while the least was recorded in cucumber + sunflower (0.78) fruits. At 5 weeks after planting, cucumber + marigold recorded the highest number of fruits (3.22) while the least was recorded in cucumber + sunflower. Cucumber + marigold recorded the highest number of fruits at 6 weeks after planting (2.13) while the least was recorded in control, (1.57). A similar trend was observed in the 7th week after planting. Ata the 8th week after planting, cucumber + sunflower recorded the highest number of fruits per plant (2.67) while the least was recorded in control (2.44).
4.3.2
Mean separation for yield parameters
The mean separation for the yield parameters is shown in table 11. Cucumber + marigold and cucumber + mint recorded the highest cumulative number of fruits per plant (10.67) each, while the least was recorded in control (10.00). In respect to fruit per plot, cucumber + marigold recorded the highest number of fruits per plot (64.33) while the least was recorded in control, (59). Cucumber + marigold recorded the highest individual weight of the fruit (114.24 g) while the least was recorded in control (86.99g). For fruit weight per plot, the most was recorded in cucumber + marigold (1.22kg) while the least was recorded in (0.87kg)

Table 10:
Mean separation for number of fruits per plant
	Treatment
	NF1WK
	NF2WK
	NF3WK
	NF4WK
	NF5WK
	NF6WK
	NF7WK
	NF8WK

	Cucumber, marigold
	0a
	0a
	0a
	0.9967a
	3.2200a
	2.1133a
	3.0000a
	2.4433 a

	Cucumber, mint
	0a
	0a
	0a
	 0.8867a
	2.6667ab
	 1.6700a
	2.6667a
	2.5567a

	Cucumber, sunflower
	0a
	0a
	0a
	0.7800a
	2.5567b
	1.7800a
	2.3333a
	2.6667a

	Control 
	0a
	0a
	0a
	 0.8900a
	 3.0000ab
	 1.5567a
	 2.3333a
	2.4433a


Means with the same alphabets are not significantly different from each other at P<0.05
NF1WK = No. of fruits at one week, NF2WK = No. of fruits at two weeks, NF3WK = No. of fruits at three weeks, NF4WK = No. of fruits at four weeks, NF5WK = No. of fruits at five weeks, NF6WK = No. of fruits at six weeks, NF7WK = No. of fruits at seven weeks, NF8WK = No. of fruits at eight weeks.
Table 11:
Mean Separation for yield parameters
	Treatment
	Frt/Plt
	Frt/Plot
	Indv. Fruit Wt
	Fruit wt/plot

	Cucumber, marigold
	10.6667a
	64.333a
	114.237a
	1.2200a

	Cucumber, mint
	 10.6667a
	 61.333a
	 110.227a
	 1.1833a

	Cucumber, sunflower
	10.3333a
	62.667a
	109.547a
	1.1300ab

	Control 
	 10.0000a
	 59.000a
	 86.987a
	 0.8700b


Means with the same alphabets are not significantly different from each other at P<0.05
Frt/plt = Number of fruits per plant, Frt/plot = Number of fruits per plot, Indv. Fruit Wt = Individual fruit weight, Fruit wt/plot = Fruit weight per plot
4.4
Mean separation for post-harvest parameters

4.4.1
Mean separation for moisture loss.
The mean separation for moisture loss is shown in table 12. The highest was recorded in cucumber + marigold (8.21) while the least was recorded in control (4.87) for the first day at storage. Similar trend of result was recorded in 3, 6, 9 and 12 days after storage. At the 12 days after storage, the highest was recorded in cucumber + marigold (47.21) while the least was recorded in control (22.06)
4.4.2
Mean separation for firmness
The mean separation for firmness is shown in table 13. Similar means was recorded for all the treatments at 3, 6, 9 and 12 days after storage (0, 0.69, 0.97, and 1.09) respectively.
4.4.3
Mean separation for colour change
The mean separation for firmness is shown in table 14. Similar means was recorded for all the treatments at 3, 6, 9 and 12 days after storage (0, 0.46, 0.63, and 0.96) respectively.
4.4.4
Mean separation for rottenness
The mean separation for firmness is shown in table 15. Similar means was recorded for all the treatments at 3, 6, 9 and 12 days after storage (0, 0.23, 0.69, and 0.96) respectively.

Table 12:
Mean Separation for moisture loss
	Treatment 
	MD1
	MD3
	MD6
	MD9
	MD12

	Cucumber, marigold
	8.2100a
	8.990a
	11.710a
	18.000a
	47.21a

	Cucumber, mint
	6.5867ab
	8.123a
	8.510b
	15.023a,b
	43.93a

	Cucumber, sunflower
	5.7967b
	6.343a
	7.813b
	13.490b
	25.88a

	Control 
	4.8667b
	6.610a
	9.600a,b
	14.077b
	22.06a


Means with the same alphabets are not significantly different from each other at P<0.05
MD1 = Moisture difference 1 day after storage, MD3 = Moisture difference 3 days after storage, MD6 = Moisture difference 6 days after storage, MD9 = Moisture difference 9 days after storage, MD12 = Moisture difference 12 days after storage
Table 13:
Mean Separation for Firmness
	Treatment 
	3D
	6D
	9D
	12D

	Cucumber, marigold
	0
	0.6931a
	0.9635a
	1.099a

	Cucumber, mint
	0
	0.6931a
	0.8283a
	1.099a

	Cucumber, sunflower
	0
	0.6931a
	0.9635a
	1.099a

	Control 
	0
	0.6931a
	0.9635a
	1.099a


Means with the same alphabets are not significantly different from each other at P<0.05
6D = 6 days after storage, 9D = 9 days after storage, 12D = 12 days after storage
Table 14:
Mean Separation for colour change
	Treatment 
	3D
	6D
	9D
	12D

	Cucumber, marigold
	0
	0.4621
	0.6931a
	0.9635a

	Cucumber, mint
	0
	0.4621
	0.6931a
	0.9635a

	Cucumber, sunflower
	0
	0.2310
	0.6931a
	0.9635a

	Control 
	0
	0.6931
	0.6931a
	0.9635a


Means with the same alphabets are not significantly different from each other at P<0.05
6D = 6 days after storage, 9D = 9 days after storage, 12D = 12 days after storage

Table 15
Mean Separation for Rottenness
	Treatment 
	3D
	6D
	9D
	12D

	Cucumber, marigold
	0
	0.2310a
	0.6931a
	0.9635a

	Cucumber, mint
	0
	0.4621a
	0.6931a
	0.8283a

	Cucumber, sunflower
	0
	0.4621a
	0.6931a
	0.9635a

	Control 
	0
	0.2310a
	0.6931a
	0.9635a


Means with the same alphabets are not significantly different from each other at P<0.05
6D = 6 days after storage, 9D = 9 days after storage, 12D = 12 days after storage
Table 16
Mean Separation for Taste
	Treatment 
	3D
	6D
	9D
	12D

	Cucumber, marigold
	0
	0
	0.2310a
	0.6931a

	Cucumber, mint
	0
	0
	0.4621a
	0.6931a

	Cucumber, sunflower
	0
	0
	0.4621a
	0.6931a

	Control 
	0
	0
	0.2310a
	0.6931a


Means with the same alphabets are not significantly different from each other at P<0.05
6D = 6 days after storage, 9D = 9 days after storage, 12D = 12 days after storage
CHAPTER FIVE
5.0
DISCUSSION
The popularity of cucumber has been growing over the years. Cucumber requires large area of land and their yield are largely reduced by insect pest infestation in a mono cropping system in the absence of application of insecticides. The residual effect of pesticides have become a growing concern to the public as there have been reports of its detrimental effect on the soil quality as well as in human health. Companion planting refers to the establishment of two or more species in close proximity so that some cultural benefit, such as pest control or increased yield, may be achieved. Intercropping with aromatic plants not only provides alternate habitats but also provides alternate food or intermediate hosts for predators, thus increasing natural enemies’ population in an intercropped system.
The growth parameters of the cucumber with respect to the treatments which include marigold, sunflower and mint as border crops as well as the control which had no border crop recorded insignificant differences. This is attributed to the fact that only one variety of cucumber was used. 

The companion plants had impacts on the yield and yield components of cucumber.  Sunflower produces residues that have allelopathic effect on weeds due to secretion of chlorogenic acids, scopolin etc. Hence, intercropping Sunflower (Helianthus annuuls) to an existing crop can help reduce pest problems such as cyst nematode. Marigold (Tagetes spp.), which is a popular bedding plant, can be used as such a cover crop. Marigold produces a substance called alpha-terthienyl, which can aid in the reduction of root-knot nematodes and other disease promoting organisms, such as fungi, bacteria, insects, and some viruses. Higher plants on the other hand have been documented to harbor numerous compounds that manifest as secondary plant compounds and are considered to be part of a chemically based defence system against phytophagous insects. These compounds may act through exhibiting chemical repellency, attractancy, oviposition deterrence, insecticidal effects, masking effect from the mix and/or luring pests away from the main crop leading to decreased colonization by harmful pests. Methyl chavicol, a predominant essential oil in basil, comprising upto 75% of its composition and also known to be temperature sensitive and tovaporize easily at temperatures above 280C, has been found to attract various insect pests including whitefly, thus disrupting their feeding on target crop (Muleke et al, 2014). Similar result was reported by Mutysia et al (2016) who used agronet cover and companion planting with basil which improved total harvestable fruit numbers and weight with a significant reduction in non-marketable fruit yields being recorded too. Other trials have also shown that many plants grow better when grown near others as companion crops and in turn exhibit efficient utilization of available resources to generate high and stable yields with lower input requirements Feike et al (2010). Similar results were reported by Miyazawa et al (2012) who recorded better yield of intercrops compared to the yield sum of the component species grown alone and attributed the good performance to better use of available growth resources such as nutrients, water, and light 

CHAPTER SIX
6.0
CONCLUSION AND RECOMMENDATION

6.1
Conclusion
Insignificant differences were observed for the growth parameters of the crop. This is attributed to the fact that only one variety of cucumber was used. The companion plants had impacts on the yield of cucumber. The planting of marigold as border plants gave the highest values for yield and yield components. This was followed by mint, sunflower and the control respectively. To a level, these companion plants minimized the prevalence of pest and diseases due to their allelopathic effect on weed. Companion cropping has the potential to improve economic viability, and pest, disease and annual weed control in organic cropping systems, particularly in field vegetables
Despite the impact of these companion plants, its impacts were not significantly different from each other. Furthermore, the companion plants had no impact on the post-harvest quality of the cucumber.

6.2
Recommendation 
i. Farmers can adopt the use of marigold as companion crop in order to mitigate the effect of pest and diseases

ii. Multiple location trials for is also recommended to generate more reliable information.
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APPENDICES
Appendix 1:
ANOVA summary for vine length
	SOV
	Df
	VL1WK
	VL2WK
	VL3WK
	VL4WK
	VL5WK
	VL6WK
	VL7WK
	VL8WK

	Rep 
	2
	2.51
	5.73
	1.56
	13.10*
	267.72
	387.22
	362.57
	362.57

	Treatment
	3
	6.02**
	4.74
	9.41
	12.05*
	479.38
	994.58
	1061.94
	1061.94

	Error
	6
	0.82
	1.93
	8.69
	2.27
	278.62
	322.96
	356.73
	356.73

	CV (%)
	-
	14.20
	18.50
	15.23
	9.95
	48.01
	37.55
	38.40
	35.97

	Mean
	-
	6.37
	7.52
	2.05
	15.15
	34.77
	47.86
	49.18
	52.51


* = significant at 0.05, ** = significant at 0.01, VL1WK = Vine length at one week, VL2WK = Vine length at two weeks, VL3WK = Vine length at three weeks, VL4WK = Vine length at four weeks, VL5WK = Vine length at five weeks, VL6WK = Vine length at six weeks, VL7WK = Vine length at seven weeks, VL8WK = Vine length at eight weeks.
Appendix 2:
ANOVA summary for Leaf Length
	SOV
	Df
	LL1WK
	LL2WK
	LL3WK
	LL4WK
	LL5WK
	LL6WK
	LL7WK
	LL8WK

	Rep 
	2
	0.05
	0.06
	0.00
	0.07
	1.73
	5.34
	6.37
	6.37

	Treatment
	3
	0.29
	0.25
	0.33
	0.21
	11.65
	14.54
	11.05
	11.05

	Error
	6
	0.15
	0.26
	0.10
	0.14
	3.19
	5.81
	4.21
	4.21

	CV (%)
	-
	15.36
	17.53
	10.07
	11.16
	21.30
	26.66
	21.60
	20.77

	Mean
	-
	2.55
	2.90
	3.20
	3.35
	8.39
	9.04
	9.50
	9.88


LL1WK = Leaf length at one week, LL2WK = Leaf length at two weeks, LL3WK = Leaf length at three weeks, LL4WK = Leaf length at four weeks, LL5WK = Leaf length at five weeks, LL6WK = Leaf length at six weeks, LL7WK = Leaf length at seven weeks, LL8WK = Leaf length at eight weeks.
Appendix 3:
ANOVA summary for Leaf Breadth
	SOV
	Df
	LB1WK
	LB2WK
	LB3WK
	LB4WK
	LB5WK
	LB6WK
	LB7WK
	LB8WK

	Rep 
	2
	0.08
	0.20
	0.00
	0.07
	1.73
	5.34
	6.37
	6.37

	Treatment
	3
	0.18
	0.33
	0.33
	0.21
	11.65
	14.54
	11.05
	11.05

	Error
	6
	0.13
	0.23
	0.10
	0.14
	3.19
	5.81
	4.21
	4.21

	CV (%)
	-
	12.18
	12.09
	7.24
	6.68
	18.54
	23.42
	19.09
	18.44

	Mean
	-
	2.98
	3.94
	4.45
	5.60
	9.64
	10.29
	10.75
	11.13


LB1WK = Leaf breadth at one week, LB2WK = Leaf breadth at two weeks, LB3WK = Leaf breadth at three weeks, LB4WK = Leaf breadth at four weeks, LB5WK = Leaf breadth at five weeks, LB6WK = Leaf breadth at six weeks, LB7WK = Leaf breadth at seven weeks, LB8WK = Leaf breadth at eight weeks.
Appendix 4:
ANOVA summary for Leaf Area
	SOV
	Df
	LA3WK
	LA6WK

	Rep 
	2
	0.02
	1690.23

	Treatment
	3
	10.37
	3546.08

	Error
	6
	3.24
	1887.46

	CV (%)
	-
	17.17
	59.24

	Mean
	-
	10.49
	73.34


LA3WK = Leaf area at 3 weeks after planting, LA6WK = Leaf area at 6 weeks after planting
Appendix 4: ANOVA summary for Number of Leaves
	SOV
	Df
	NL1WK
	NL2WK
	NL3WK
	NL4WK
	NL5WK
	NL6WK
	NL7WK
	NL8WK

	Rep 
	2
	0
	0.89
	0.96*
	0.45
	21.49
	14.07
	10.10
	10.10

	Treatment
	3
	0
	0.18
	0.08
	0.13
	10.24
	30.70
	31.20
	31.20

	Error
	6
	0
	0.26
	0.14
	0.47
	22.39
	16.31
	12.77
	12.77

	CV (%)
	-
	0
	12.10
	8.05
	12.50
	44.95
	24.40
	19.31
	16.62

	Mean
	-
	2
	4.19
	4.64
	5.50
	10.53
	16.56
	18.50
	21.50


NL1WK = No. of leaves at one week, NL2WK = No. of leaves at two weeks, NL3WK = No. of leaves at three weeks, NL4WK = No. of leaves at four weeks, NL5WK = No. of leaves at five weeks, NL6WK = No. of leaves at six weeks, NL7WK = No. of leaves at seven weeks, NL8WK = No. of leaves at eight weeks.
Appendix 5:
ANOVA summary for Leaf Infestation
	SOV
	Df
	LI1WK
	LI2WK
	LI3WK
	LI4WK
	LI5WK
	LI6WK
	LI7WK
	LI8WK

	Rep 
	2
	1.00
	1.33*
	0.58
	0.75*
	0.33
	0.33
	0.33
	0.33

	Treatment
	3
	0.75
	0.56
	0.31
	0.67*
	0.11
	0.11
	0.11
	0.11

	Error
	6
	0.33
	0.22
	0.14
	0.08
	0.11
	0.11
	0.11
	0.11

	CV (%)
	-
	20.99
	16.64
	12.78
	9.62
	11.76
	11.76
	11.76
	11.76

	Mean
	-
	2.75
	2.83
	2.92
	3.00
	2.83
	2.83
	2.83
	2.83


LI1WK = Leaf infestation at one week, LI2WK = Leaf infestation at two weeks, LI3WK = Leaf infestation at three weeks, LI4WK = Leaf infestation at four weeks, LI5WK = Leaf infestation at five weeks, LI6WK = Leaf infestation at six weeks, LI7WK = Leaf infestation at seven weeks, LI8WK = Leaf infestation at eight weeks.
Appendix 6:
ANOVA summary Number of Fruits
	SOV
	Df
	NF1WK
	NF2WK
	NF3WK
	NF4WK
	NF5WK
	NF6WK
	NF7WK
	NF8WK

	Rep 
	2
	0
	0
	0
	0.45*
	0.56*
	0.01
	0.33
	0.07

	Treatment
	3
	0
	0
	0
	0.02
	0.28
	0.17
	0.31
	0.03

	Error
	6
	0
	0
	0
	0.07
	0.10
	0.11
	0.56
	0.05

	CV (%)
	-
	0
	0
	0
	30.01
	10.80
	18.50
	28.85
	9.19

	Mean
	-
	0
	0
	0
	0.89
	2.86
	1.78
	2.58
	2.53


NF1WK = No. of fruits at one week, NF2WK = No. of fruits at two weeks, NF3WK = No. of fruits at three weeks, NF4WK = No. of fruits at four weeks, NF5WK = No. of fruits at five weeks, NF6WK = No. of fruits at six weeks, NF7WK = No. of fruits at seven weeks, NF8WK = No. of fruits at eight weeks.
Appendix 8:
ANOVA summary Disease Incidence 
	SOV
	Df
	DI

	Rep 
	2
	23.12

	Treatment
	3
	393.59

	Error
	6
	115.75

	CV (%)
	-
	26.71

	Mean
	-
	40.27


DI = Disease infestation 
Appendix 9:
ANOVA summary Fruit and Yield Characteristics
	SOV
	Df
	Frt/Plt
	Frt/Plot
	Indv. Fruit Wt
	Fruit wt/plot

	Rep 
	2
	1.33
	60.33
	37.97
	0.04

	Treatment
	3
	0.31
	15.22
	457.54**
	0.08

	Error
	6
	1.22
	31.56
	34.38
	0.02

	CV (%)
	-
	10.61
	9.08
	5.57
	12.99

	Mean
	-
	10.42
	61.83
	105.25
	1.10


Frt/plt = Number of fruits per plant, Frt/plot = Number of fruits per plot, Indv. Fruit Wt = Individual fruit weight, Fruit wt/plot = Fruit weight per plot
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