
Study Title:  Quality response of tomato (Solanum lycopersicum) with drip irrigation system in terms of its growth and yield development
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Abstract:

Tomato is in demand in every home consumption for the beneficial nutrients it provides. However, the production of tomato is difficult particularly during summer season due to water shortage in warm places. Implementing the usage of drip irrigation to produce tomato in rain fed farm was conducted. The objective of the study is to determine the quality response of tomato utilizing drip irrigation as to height, number of fruit developed, pests and diseases occurrence, and yield. Through the use of the Randomized Complete Block Design (RCBD), the Diamante Max F1 cultivar was planted and treated with irrigation method and frequency. Results have shown that daily irrigation of tomato using drip system significantly affect the crop response up to the third week after transplanting. There are more developed number of fruits on the daily drip irrigated tomato but are not significantly different with other irrigation methods and frequency used. Upon fruit development, the findings show four diseases attacked the tomato plants namely; bacterial wilt, bacterial canker, soft rot, and bacterial spot. Statistical results show no significance on the intensity of infestation among the treatments. The daily irrigated tomato using drip system have higher yield but not significantly vary with other plants irrigated manually as with less frequently watered ones. Lastly, due to irrigation water problem and the cost of drawing water, findings show that utilizing drip irrigation with every other day frequency are more economic than daily irrigating resulting to same quality response and yield.

Keywords: drip irrigation, tomato, quality response, number of fruit developed


	


[bookmark: _GoBack]
I. Rationale 
The old practice and usual water management of crops are done using the manual method with the use of watering can. In the vegetative stage of the crops, fertilizer is applied manually using the hand to distribute the fertilizer granules. But as time passes by, studies to improve production are being conducted. From the farming systems of the different places to farm mechanization and now the use of computer system to manage farm activities becomes the trend to meet the fast-growing needs of the fast growing population.
	With the above trends in agriculture, crops from one country could now be adapted and be planted in other countries to supply food needs in that area. The High Value Crops is one of the most easily grown and adapted in different areas using technologies. 
	Tomato (Lycopersicum esculentum) is highly cultivated in different countries of the world, due to its fruitful characteristics. It is an answer to world’s goal of food availability and security. Tomato is rich in mineral and nutrient content and also benefits as an anti-cancer. In general, tomato is for human consumption. Producing then tomato is a good source of income (Department of Agriculture, 2017).
	Major tomato producing countries in the world are China, India, the USA, Turkey, Egypt, Italy, Iran, Spain, Brazil, Mexico, and others (Indian Horticulture Database, 2011).
	Varieties of tomato are highly cultivated in the Philippines because of their prolific characteristics, high adaptability to weather conditions, good yielding, and culinary purposes. Tomato has paved the entry to the growing market demand of the industry and outside the country. However, to obtain good growing ability, high yielding, and profit in tomato production, water management is highly recommended (Department of Agriculture, 2017).
Due to water scarcity as experienced globally wide, studies on how to minimize the use of water while maximizing its benefits had been done by researchers to ensure food availability. The study started by minimizing the use of overhead irrigation, then on the surface irrigation until the sub-surface irrigation method was discovered to be more efficient. Thus, drip irrigation becomes popular from its trickle irrigation system as an overhead method to more sophisticated use of technology making it applicable beneath the soil as controlled by a computer system. 
	According to Shock (2013), a drip irrigation system is a technology that provides slow even application of low-pressure water to soil and plant also it is designed to loses practically no water to run-off evaporation or deep percolation. It reduces water contact with crop leaves, stems and fruits. The system is favorable to any condition and less favorable to disease development. Also, agricultural chemicals can be applied more efficiently and less to leaching loses also applying fertilizer can be used more efficiently.
Drip irrigation system are adoptable to oddly shape field or those with uneven topography or soil texture like the fields in the province that is slightly rolling to a steeper elevation.
In the municipality, farmers practice mono cropping with corn as the main crop. Most farmers are managing their farms without looking on water as one main factor to consider. But due to big losses brought by climate change wherein the timing of planting could not be perfected for the rain to water the crops, farmers are starting to find other alternative crops to grow. With the assistance of the Agricultural Technologist of the municipality, high value crops such as bitter gourd, onion, eggplant, tomato and many others, are being introduced for farmers to grow.
	Drip irrigation is a technology that is not well established in area in terms of water management. Farmers in the province water their plants manually with the use watering can or not even watered sometime, just to wait the rain comes. But farmers always complain of high labor in water management that is higher than their profits. 
	Tomato is best grown in a well-drained soil that is highly supplied with organic matter. Sandy soil is suited for early production. Loam and clay loam soil is suited for later production. The optimum temperature range for tomato growth and development is 17 to 20 degrees Celsius in transplanting, 22 to 30 degrees Celsius is the tolerant temperature for tomato growth and development (Atlantic Provinces Agriculture Services Coordinating Committee, 1995). The water requirement of tomato crops is 400 to 600 mm, depending on the climate.
	In the experiences 23.5 to 28.3 °C temperature. The rainfall data of 53 to 268 mm is recorded. Elevation ranges from 2 to 8 percent based on its topography and with excessively drained soil with a texture of sandy clay and an average depth of soil of 80 cm from A horizon to B horizon. With the above data, adaptable for tomato production, the researchers aimed to help meet the tomato demand in the locality by employing a drip irrigation system in its production. 
	Tomato have high demand in the market because of their beneficial uses. However, due to lack or low water resources including lack of management which result to stunted growth, low productivity, and increase in mortality rate, the production of tomato was affected.
 	When rice and corn was introduced to farmers, it was adopted as its main produced crop. The farmers had practiced mono-cropping without knowledge on the future impact to the soil. Also, corn must be planted in wide areas that forces the farmers to use herbicide to easily eradicate the weeds as competitor of the crops. It was just recently that the farmers realized the impact of their actions on the weight of their dependence to chemical usage on top of the climate change impact to the environment.
It is through this that farmers are awakened to look for alternatives to ensure food on their table, thus, planting High Value Crops in a parcel of the farms had been an option.
	As identified on the above weather condition of province, farmers have struggles in irrigating the new ventured crops aside from the fact that they were used to depend on rainfall for their corn crops. Since the farmers had just started the venture on High Value Crops as new source of income, the problem on irrigation must be addressed to help these farmers continue to grow the food for their tables and for the market that would eventually improve their socio-economic status. 

II. Review of Literature
Tomato
	Tomato plants are determinants that relatively compact and grow to a certain height. They flower and set all their fruit within a short time. The main stem and lateral branches terminate in two consecutive inflorescences after a number of nodes. It has different varieties that can be grown in open fields, green houses and spread out over in beds. Some other types are continuously producing flowers and fruits over a long period of time until the grower or weather conditions will terminate the crop. The main stem and lateral branches continue to grow and the number of leaves between inflorescences is more or less fixed. This type of varieties can be grown on trellis in open fields and greenhouses and the plant is shaped by pruning the lateral branches.
	Tomato has high demand in the market because of its beneficial uses. However, due to lack or low water resources including lack of management which result in stunted growth, low productivity, and an increase in mortality rate, the production of tomatoes was affected.
Drip Irrigation system
Drip irrigation or trickle irrigation is a type of micro-irrigation system that may conserve water and nutrients by slowly dripping water onto plant roots buried above or below the soil surface. The goal is to bring water directly to the root zone and minimize evaporation.
Drip irrigation systems distribute water through a network of valves, tubes, hoses, and emitters. Drip irrigation systems are more efficient than other types of irrigation systems, depending on how well they are designed, installed, maintained, and operated. B. Surface irrigation or sprinkler irrigation.
	In the field of agriculture, micro-irrigation system methods allow slow application of water to the soil consistently over a longer period of time. Using this technique there is even application of water under low pressure to all the plants in the field. This method allows 90-100% efficiency of water will be distributed in the root zone of the plant.
Soil borne pathogen
	There are some soil borned pathogen attack and damage the tomato plants. Fungal diseases such as fusarium wilt, verticillium wilt, Sclerotinia sclerotiorum, Sclerotium rolfsi and in bacterial diseases it also damages the plant such as bacterial wilt, pseudomonas, erwinia and bacterial canker.
	Bacterial canker
		The systemic symptoms appear on the leaves and fruit of the tomato. It occurs yellow and brown spots, and surrounded by persistent white halo in the fruit. The secondary spread occurs in splashing of water, contaminated tools and planting materials. Moderate 18-24 °C in temperature and greater than 80% relative humidity favor to the disease development. If the optimum moisture condition for plant growth development, low light intensity and high nutrient concentration especially too much nitrogen will enhance the disease development. The symptoms tend to be severe in sandy soil (Disease Fact Sheet, 2004) 
III. Objectives
1. Determine the response of tomato to drip irrigation in terms of height of the plant, number of fruits developed, and pests and diseases occurrence.
2. Determine which of the treatments influence the highest yield of tomato.
3. Find out which of the treatments could give the highest net income.


IV. Materials and Methodology
Materials
	The following materials were used in the conduct of the study:
	Tomato Seedlings	(Diamante Max F1), seedling trays, fertilizers (Complete, 0-0-60 and  Bio-organic Fertilizer), plastic mulch, drip irrigation set-up and trellis 
Methods
Procurement of Seeds:
In this study, seeds of hybrid Diamante Max F1 variety of tomato were bought in agricultural supply.
Seed Preparation Using Trays
	The seeds of the tomato were prepared in seeding trays that were filled with sand, soil and bio-organic fertilizer. The seeding trays were filled with 35% sand, 35% soil, and 30% bio-organic fertilizer. A single seed was planted in each hole of the tray. After all holes were filled with seeds, it was watered with fine mist from a sprayer or a watering can. Schedules of watering was also followed. 

Land Preparation
	An area measuring 5-meter width and 120-meter length was plowed in preparation for transplanting of tomato. After plowing, hills were prepared where the Bio-organic fertilizer was applied. The bio-organic fertilizer was thoroughly mixed with the soil and left for a week to exposed under the sun for solarization.  After which, plastic mulch was also laid out prior to transplanting. Lastly, the drip irrigation system was set up to cover every hill to water plants that were transplanted.
Field Layout 
	A 600 square meter area was used in the study. The area was divided into three equal blocks with 66.67 square meters per block. Each block was subdivided into three for the replication of the treatments. The field used the layout following the Randomized Complete Block Design. The treatments were assigned into different patterns as follows: 
	T1 = manual watering
	T2 = drip irrigation system every other day
	T3 = drip irrigation system every day
Transplanting
	A total of 1,420 tomato seedlings were transplanted in the experimental area with a distance of 50 cm by 30 cm. After transplanting, the drip irrigation was opened to irrigate the new transplanted tomato plants.
Fertilizer Application
	For fertilizer application, the researcher applied bio-organic fertilizer before transplanting as basal utilizing 2 sacks in the whole experimental area based on 30 bags per hectare recommended rate of bio-organic fertilizer. Also, synthetic fertilizers were used during the vegetative stages of the tomato plant. Actual volume of synthetic fertilizers applied was determined based on the result of laboratory test on the soil of the farm.
	Due to water tank problem, fertilizer was applied directly near the root zone.


Water Management
	Drip irrigation system was used as main method to water the tomato plant. Volume of water was estimated based on the water requirement of the tomato crop but was not consistently followed due to water pump failure. Also, sprinkling through the use of hose was done for the farmer’s practice or T1.
Weed Management 
	 Weeding was done as needed to prevent nutrient competition with the tomato plants.  Weeds were minimized due to plastic mulching covering the whole plot.
Pest and Disease Control
	 The crops were monitored to ensure less pest infestation and occurrence. Biological method of pest and disease control was implemented. Despite the regular monitoring of the occurrence of the pests and diseases, undesirable infestation of pest and disease happened, the researcher used pesticides to control the pest and diseases. 
Harvesting
The tomato fruits were harvested when the fruit reached its maturity and that commenced on the 89th days from planting. Shear were used to harvest to avoid harm on the fruits as well as the crop itself.
Statistical Analysis of Data
	The statistical tools used to treat the data were frequency count, weighted mean, percentage and Analysis of Variance (ANOVA) based on the Randomized Complete Block Design (RCBD).







Data gathered:
Height of the Plants
	 The height of the plants was gathered on the 14, 21, 28, 35, and 42 days after transplanting with the use of meter stick.
Number of Developed Fruits 
	The counting of developed fruits was based on the start of fruit development which is exactly on the 49th day after transplanting
Weight of Harvested Tomato
	The data on weight of harvested tomato was recorded every harvest time. Fruits were weighed with the use of clock-type weighing scale using kilogram as unit.
Pests and Diseases Occurrence
	The occurrences of pests and disease at the farm was recorded every week
V.  Discussion of Results
As to Height of Plants (in centimeters)
Table 1 presents the response of the tomato plants to drip irrigation in terms of height at 14, 21, 28, 35, and 42 Days After Transplanting. It could be gleaned from the table that T3 was consistently the tallest among all the treatments with a final height of 64.82cm. On the other hand, T1 was the shortest in height during the first three data as revealed on the 14th, 21st, and 28th day after transplanting while T2 was the shortest on the remaining data with final height of 60.68cm. This implies that daily watering of the tomato plants resulted to tallest in height. 
Statistical analyses showed that the tomato plants responded to the different irrigation schedules per treatments as showed by the height of the plants in each treatment. The height of the plants at 14 DAT showed highly significant difference among the treatments with 76.52 F-computed value which is too high compared to F-tabular value of 18.00 at 1% level of significance. Also, significant difference was revealed on the data of the treatments on the 21st day after transplanting. This means that the variance of 5.5 between Treatments 3 and 2, and 6.67 between Treatment 3 and 1 is significant which could be interpreted that everyday watering through drip irrigation resulted to a taller growth of the tomato plants compared to drip irrigation every other day and by manual watering following farmers’ practice. In addition, it implies that at vegetative stage of the tomato plants that are watered daily through drip irrigation showed to be significantly taller than the plants watered by manual method and every other day drip irrigation
This result corroborates with the findings of Graham (2006), that the uptake of plants of water and the roots through the xylem and into the rest of the plants is essential for the plants to attain desirable height and for easy photosynthesis.
On the other hand, the heights of the tomato plants at 28, 35, and 42 days after transplanting showed no significant difference among the treatments as indicated by the F-computed values of 1.29, 0.89, and 0.75, respectively, that is below the F-tabular value of 6.94 at 5% level of significance. This could be due to the shift of the use of the nutrients to produce fruits at flowering and maturity stages. Also, it is in this stage that the branches are spreading sideways where the plants concentrate to produce flowers and fruits.
Table 1
Response of Tomato Plants to Drip Irrigation in Terms of Height (in centimeter)
	Days After Transplanting
	Treatments
	Fcomp
	Ftab

	
	1
	2
	3
	
	5%
	1%

	14
	21.98
	23.15
	28.65
	76.52**
	6.94
	18.00

	21
	31.37
	32.18
	37.07
	8.71*
	6.94
	18.00

	28
	48.24
	48.59
	52.37
	0.71ns
	6.94
	18.00

	35
	56.17
	54.04
	58.66
	0.89ns
	6.94
	18.00

	42
	61.07
	60.68
	64.82
	0.75ns
	6.94
	18.00


ns-not significant	*-significant		**-highly significant












As to Number of Developed Fruits
Table 2 shows the response of the tomato plant to drip irrigation in terms of number of developed fruits. Results revealed that there are differences in fruits developed among the tomato plants in all the data gathering days. At 49 DAT, T3 recorded the highest fruits developed with mean of 4.40 per plant, second is T1 with mean of 4.03 and last is T2 with mean of 3.43.  Same pattern is revealed at 56 DAT, showing that T3 is first followed by T1 then last is T2 with fruits developed mean of 5.93, 5.23, and 5.20, respectively. At 63 and 70 DAT, T3 still recorded the highest mean of fruits developed per plant but there is a twist between T2 and T1 such that the latter recorded the least fruits developed. As observed from the table, T3 consistently showed the highest recorded fruits developed compared to T1 and T2. This implies that daily watering through drip irrigation has better effect on the developing of fruits compared to every other day irrigation and by using farmers practice.
Statistical analysis showed that despite the variance among the treatments, there is no significant difference on the developed fruits per treatment as revealed by the F-computed values in all data that is lower than the F-tabular value of 6.94 at 5% level of significance. It implicates that tomato plants responded to irrigation as to fruits developed but not significant as found in this study. 
Table 2
Response of Tomato Plants to Drip Irrigation in Terms of Number of Developed Fruits
	Days After Transplanting
	Treatments
	Fcomp
	Ftab

	
	1
	2
	3
	
	5%
	1%

	49
	4.03
	3.43
	4.40
	1.10ns
	6.94
	18.00

	56
	5.23
	5.20
	5.93
	2.40ns
	6.94
	18.00

	63
	5.33
	5.37
	6.13
	0.98ns
	6.94
	18.00

	70
	5.53
	3.70
	4.20
	0.56ns
	6.94
	18.00


ns-not significant














As to Pests and Diseases Occurrence
Table 3 presents the observed and recorded pests and disease occurrence. As to observation, four diseases attacked the tomato plants namely; bacterial wilt, bacterial canker, soft rot, and bacterial spot. The highest intensity observed is the attack of the bacterial wilt killing most of the plants in all the treatments.
Bacterial wilt. As can be gleaned from the table, the occurrence of bacterial wilt is higher in T1 with 26.94, followed by T3 with 25.00 and last is T2 with mean of 22.78. Employing ANOVA at 5% level of significance showed that there is no significance on the difference of occurrence of the bacterial wilt as reflected by the F-Computed value of 0.34 which is lower than the F-Tabular value of 6.94. This means that the occurrence of the bacterial wilt on the plants irrigated with different treatments has no difference as to intensity of infestation.
Bacterial Canker. Table reveals that the occurrence of bacterial canker is high in T2 with mean of 9.17, followed by T3 with mean of 7.50, and last is T1 with mean of 6.25.  The Analysis of Variance showed no significant differences among the treatments on the occurrence of the bacterial canker as revealed by F-Computed value of 1.00 which is below the F-Tabular value of 6.94. This means that the infestation of the bacterial canker on the plants under the different treatments is almost the same as to intensity.
Soft Rot. It can be observed from the table that T2 has the highest infested plants with mean of 7.08 while T3 and T1 followed with mean of 5.83 and 5.00, respectively. Statistical analysis showed that there is no significant difference at 5% level of significance with 0.44 F-Computed value that is lower than the F-Tabular value of 6.94. It means that though there is difference on the soft rot infested plants, it is not significant thus, the treatment has no bearing with it.
Bacterial Spot. Treatment 2 has the highest bacterial spot infested plants with mean of 10.00, followed by T3 with mean of 8.75, and last is T1 with mean of 5.83. Statistical analysis showed no significant difference among the treatments. This means that there is no chance that the infestation is due to the treatments.




Table 3
Response of Tomato Plants to Drip Irrigation in Terms of Pest and Diseases Occurrence
	Disease
	Treatment
	FComputed
	FTabular

	
	1
	2
	3
	
	

	Bacterial Wilt
	26.94
	22.78
	25.00
	0.34ns
	6.94

	Bacterial Canker
	6.25
	9.17
	7.50
	1.00ns
	6.94

	Soft Rot
	5.00
	7.08
	5.83
	0.44ns
	6.94

	Bacterial Spot
	5.83
	10.00
	8.75
	1.44ns
	6.94


ns-not significant
Note: ANOVA Computations is presented in Appendix A

Treatments’ Influence on the Yield of Tomato
Table 4 shows the treatments’ influence on the yield of tomato as to weight in kilograms. As can be gleaned from the table, T2 recorded the heaviest among the treatments with 48.60kgs, followed by T3 with 46.50kgs and last is T1 with 42.40kgs. ANOVA result showed that there is no significant difference among the treatments with 0.33 F-Computed value which is lower than the F-Tabular value of 6.94. It implies that the treatments have no influence to the yield of tomato. It means that the differences of the weight are close among the treatments.
Table 4
Influence of Treatments on the Yield of Tomato
	Treatment
	Weight (kgs)
	F-Computed
	F-Tabular
	Interpretation

	
	
	
	5%
	1%
	

	T1
	42.4
	0.33ns
	6.94
	18.00
	Not Significant

	T2
	48.6
	
	
	
	

	T3
	46.5
	
	
	
	


ns-not significant						cv=20.87%	
I. Evaluation of Treatments as to Projected Net Income
	Table 6 shows the summary of the projected sales, expenses and projected income. The sales were projected based on the actual harvested fruits due to reasons of data analysis for the researcher to graduate on time. As per assessment of the adviser and some experienced farmers planting tomato, the harvested fruits are just one-half of the expected total yield of the crop due to the attack of diseases. With the assessment, projected yield per treatment were based on the actual harvest per treatment which is multiplied by two (2).
	The projected sales as showed in the table revealed that at current price of Php60.00 per kilogram, T2 has the highest sales with Php3,402.00 followed by T3 and T1 with Php3,255 and Php2,968.00, respectively. The projected net income shows positive figure but not as big as expected. The reason for this is due to the attack of the diseases which killed some of the plants under study. Also, the projection is based on the minimal assumption.
Table 5
Evaluation of Treatments as to Net Income
	TREATMENT
	SALES
(Projected)
	EXPENSES
	PROFIT
(Projected)

	T1
	2,968.00
	2,691.50
	276.50

	T2
	3,402.00
	2,681.50
	720.50

	T3
	3,255.00
	2,949.00
	306.00

	TOTAL
	9,625.00
	8,322.00
	1,303.00



VI. Conclusion 
As to the height of the plants, treatment 3 with final mean of 64.82 cm was recorded as the tallest among the treatments at 7, 14, 21, 28 and 35 days after transplanting while T1 and T2 have the final mean height of 61.07 cm and 60.68 cm, respectively. 
	On the number of fruits developed, treatment 3 produced the highest number of developed fruits with final mean of 6.13 followed by treatment 1 and treatment 2 with mean of 5.53 and 5.37, respectively. 
	As to the pests and diseases occurrence, the bacterial wilt, bacterial canker, soft rot and bacterial spot were observed infesting the tomato plants. The bacterial wilt was more observed based on intensity compared with bacterial spot, bacterial canker and soft rot.
	In terms of yield or weight of harvested fruit of tomato, the plants in treatment 2 had the heaviest weight of 48.6 kgs followed by treatment 3 and 1 with their respective weights of 46.5 kgs and 42.4 kgs, respectively. 
Statistical analyses showed no significance among the treatments in all variables tested such as height of the plants (flowering stage), number of developed fruits, pest and diseases occurrence and weight of the harvested fruits except during vegetative stage where height of tomato plants under the three treatments were significantly different. 


Lastly, treatment 2 has the highest projected net income compared to T3 and T1
Based on the results and above discussed findings, it is deduced that there is positive response of the tomato plant to the treatments in terms of height in the early vegetative stage while no significant response in terms of number of fruits developed, pest and diseases occurrence, and height at flowering and fruit development stage. Also, there is no significant influence brought by the drip irrigation to the yield of tomato. Furthermore, tomato plants applied with drip irrigation every other day resulted to the highest projected net income.

VII. Recommendations

Based on the above conclusions, it is recommended that next researchers should make sure that the plants to be studied in a given area should not be under the same family of plants to avoid transfer of soil-borne diseases. Comparative study should also be considered on the different varieties of tomato applying the drip irrigation with every other day schedule or irrigation. Finally, the date of planting should be adjusted to November to avoid long drought or summer season for the crops to be established prior to the heat stress.	
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