Study Title: Quality response of Bell Pepper (Capsicum annum L) with drip irrigation system in terms of its growth and yield development
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I. ABSTRACT
Drip irrigation is becoming increasingly important in minimizing the effects of water scarcity, especially in areas with adequate rainfall. The move from surface to subsurface drip irrigation is fraught with complications. To address these difficulties, shallow subsurface drip irrigation has the potential to be an efficient drought-control technology with added benefits above traditional surface drip irrigation approaches was conducted. The objective of the study is to determine the quality response of bell pepper 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), Clarabel F1 variety was used in the study and treated with irrigation method and frequency. The results reveal that daily irrigation of the plant using a drip system has a substantial effect on the plant's response after the week of transplanting. The daily drip irrigated tomato has more developed fruits, but they are not statistically different from other irrigation systems and frequency utilized. The data suggest that four pathogens attacked the bell pepper during fruit development: blossom end rot, fusarium wilt, and leaf blight. The statistical data reveal that there is no difference in the intensity of infestation across treatments.  The data suggest that three pathogens attacked the bell pepper during fruit development: anthracnose, fusarium wilt, and leaf blight. The statistical data reveal that there is no difference in the intensity of infestation across treatments. Daily irrigated bell peppers have larger yields but do not differ significantly from other plants irrigated manually or less regularly watered ones. Finally, because of the irrigation water issue and the expense of drawing water, studies reveal that drip irrigation with every other day frequency is more cost effective than daily irrigating, resulting in the same quality response and production.

II. RATIONALE / BACKGROUND OF THE STUDY / INTRODUCTION
One of the High Value Crops that are being grown by farmers is bell pepper (Capsicum anuum). Major bell pepper producing counties in the world are China, Mexico, Indonesia, Turkey, Spain and the United States (Biswas et. al., 2017). Varieties of bell pepper is highly cultivated in the Philippines because of its prolific characteristics, high adoptability to weather conditions, good yielding and culinary purposes. It has paved the entry to growing market demand of the industry and outside the country. However, to obtain the good growing ability, high yielding and profit in bell pepper production, water management is highly recommended (Department of Agriculture, 2017).
Peppers are a long season, heat loving crop. This crop requires 3 to 4 months of frost free weather for good yields. They are very sensitive to frost and cold weather so they are not generally transplanted until mid-June. The minimum soil temperature for seed germination is 15°C with a maximum of 35°C and an optimum range of 18 to 35°C. Best growth and quality occurs at an optimum range of 21 to 24°C with a minimum of 18°C and a maximum of 26°C. Fruit set for many cultivars fail when temperatures drop below 13 to 18°C.Bell pepper grows well in any type of soil with a pH of 5.5 to 6.5. Production is best in sandy loam soil. Its temperature requirement ranges from 25 to 32 degrees Celsius (Maghirang, Guevarra, and Rodulfo, 2010).
Among the many methods of irrigating the crop, due to water scarcity, the best method was adopted and tried its effectivity. Based on the irrigation methods, drip irrigation was one of the best system used when irrigation water is scarce.
According to Shock (2013), drip irrigation system is a technology that provide slow even application of low-pressure water to soil and plant. Also, it is designed to minimize loses practically to ensure that no water to run-off through evaporation or deep percolation. 
Drip irrigation system reduces water contact with crop leaves, stems and fruits. It is favorable to any condition and less favorable to disease development. Agricultural chemicals can be applied more efficient and less to leaching loses, also, applying fertilizer can be used more efficiently (Shock, 2013). Drip irrigation systems are adoptable to oddly shape field or those with uneven topography or soil texture. 
 Farmers are used to mono-cropping by planting corn all year round and do the same for the many years. Due to climate change, some farmers have suffered much making them more poor due to big losses. With these, some farmers are trying to plant High Value Crops such as tomato, bell pepper, eggplant, bitter gourd, and many other crops. But because of inexperience in the management of these High Value Crops some have gave up planting. 
With the above climatic data of the province, bell pepper could be grown in the area. It is in this light that the researcher planned to study the quality response of Bell Pepper utilizing drip irrigation system under Alfonso Lista condition.
	Bell pepper products have high demand in the market because of its good taste and beneficial uses. Conversely, farmers in the province is lack of experience in growing bell pepper. Aside from this, water for irrigation is scarce in the municipality that may directly affect bell pepper production. 
This study aimed the assessment of the drip irrigation system as effective technology for High Value Crops that includes bell pepper as to growth, development and yield response. With this, the result of the study could be very useful for future researchers as their benchmark data; to farmers who are interested to grow High Value Crops as their guide for successful venture; and agriculture students as source of information.

III. OBJECTIVES / STATEMENT OF THE PROBLEM
Generally, this study aimed to determine the quality response of bell pepper utilizing drip irrigation system.
	Specifically, the study aimed to:
1. Determine the response of bell pepper to drip irrigation in terms of height of the plant, number of developed fruits, and pests and diseases occurrence;
2. Determine which of the treatments influence the yield of bell pepper; and
3. Find out which of the treatment recorded the highest net income and Return on Investment (ROI)
IV. SIGNIFICANCE OF THE STUDY / RESEARCH HIGHLIGHT/ EXPECTED OUTPUT
using drip irrigation will minimize the effects of water scarcity especially in warm areas. This could help the farmers to utilize water management in their areas. 
V. METHODOLOGY / PROCEDURES
The data gathered were based on the methods below which were followed to contend with the identified objectives of the study.
Seedling Preparation using Trays
	Bell pepper seeds were grown in seed trays with 20% sand, 45% soil, and 35% bio-organic fertilizer. Each seed tray hole contained a single seed. It was watered with a fine mist from a watering can after all of the holes were filled with seed. Watering schedules were also maintained.
Land preparation
	In preparation for transplanting the bell pepper seedlings, a 5-meter-wide by 120-meter-long space was plowed. Prior to transplanting, plastic mulch was placed down. Holes were created to allow for the Bio-organic fertilizer to be applied. The organic fertilizer was well mixed with the soil before being exposed to the light for a week to solarize. Finally, a drip irrigation system was installed to water the newly transplanted plants on each hill.
Field layout 
	In this study, a 600 square meter area was employed. The space was divided into three equal blocks, each measuring 66.67 square meters. For treatment replication, each block was divided into three sections. In the field, the researcher employed a layout based on the randomized complete block design. The treatments were assigned into different water schedules and irrigation method as follows:
	T1 = manual watering (farmer’s practice)
	T2 = bell pepper with application of drip irrigation system every other day
	T3 = bell pepper with application of drip irrigation system everyday
 Transplanting
	A 600-square-meter plot was planted with 1,420 seedlings of bell pepper plants, with 30 cm between plants and 50 cm between hills. The drip irrigation was turned on after transplanting to water the newly transplanted bell pepper plants.
Fertilizer application
	Based on the 30 bags per hectare application of bio-organic fertilizer, the researcher applied two (2) sacks of bio-organic fertilizer as basal fertilizer before transplanting in the entire experimental area. During the vegetative stages of the bell pepper plants, synthetic fertilizers were also employed. The actual volume of synthetic fertilizers applied was determined by the results of a laboratory examination of the farm's soil. Because the drip irrigation setup's water tank is small and cannot be accessed for fertigation, the fertilizer was applied manually.
Water management
	The bell pepper plant was watered using a drip irrigation system. The volume of water was calculated using the water requirements of the bell pepper crop. A portion of the plants were additionally manually irrigated using a water can for T0 or farmer's practice.
 Weed management 
	Weeding was done as needed to keep the bell pepper plant's surroundings tidy.  Weeds were kept at bay by covering the entire area with plastic mulch.
 Control of Pest and Diseases
	To prevent pest and disease infestation, the pest and diseases of bell pepper were monitored. To combat the pests and diseases, the researcher utilized pesticides (lannate, nordox, and prevaton). However, the plants were plagued with anthracnose, fusarium wilt, and leaf blight.
Harvesting
The bell pepper fruits were collected for the first time at 56 DAT, as the fruit matured. The following harvests were determined by buyer availability and the maturity of the bell pepper fruits, with an average interval of five days every harvest season.


Data to be Gathered
	The data collection and evaluation of the bell pepper plants began on the seventh day after transplantation. The researcher recorded the plant's height, the number of matured fruits, the presence of pests and diseases, and the weight of harvested pepper.
Height of the Plant (in cm)
	 The height of the plants was gathered on the 7th, 14th, 21st, 28th, 35th day after transplanting with the used of ruler.
Number of developed fruits
The counting of fruit developed was based on the first start of fruit development which is exactly 49 days.
Weight of Harvested Bell Pepper (kg)
The data on weight of harvested bell pepper was recorded starting when matured fruits were harvested with the use of clock-type weighing scale using the kilogram unit.
Data Analysis	The statistical tools used to treat the data are the frequency count, mean, percentage and analysis of variance (ANOVA) based on the Randomized Complete Blocked Design (RCBD) .

VI. RESULTS AND DISCUSSION
Response of bell pepper to drip irrigation in terms of height of the plants, number of developed fruits, and pests and diseases occurrence
As to Height of Plants (in centimeters)
Table 1 presents the response of the bell pepper plants to drip irrigation in terms of height at 7, 14, 21, 28, and 35 Days After Transplanting. It could be gleaned from the table that at 7 DAT, T3 is the tallest followed by T2 then T1 with 12.85cm, 11.28cm, and 10.16cm, respectively. At 14 DAT still T3 recorded the highest followed by T2 and T1, with 16.52cm, 14.88cm, and 13.53cm, respectively. At 21, 28 and 35 DAT, it followed the order of the first, second, and third data. Therefore, the plants watered daily (T3) showed as the tallest among all plants under T1 and T2. This implies that the plants watered daily response positively fast than the other treatments or irrigation schedules. This result is supported by the findings of Armstrong, 2008 that the plant cannot grow if it doesn’t have healthy roots, so the proper balance of water is key when growing plants. Water helps the plants by transporting important nutrients through the plants to attain desirable height. Based on the computed means, the bell pepper plants have various response on the different irrigation schedules as treatments as revealed by the height of the plants in each treatment. The height of the plants at 7 DAT showed no significant difference among the treatments with 3.66 F-computed value which is lower compared to F-tabular value of 6.94 at 5% level of significance. Also, results at 14, 21, 28, and 35 DAT showed the same findings that there is no significant difference among the treatments. This means that the treatments has no bearing on the height or growth of the pepper. Therefore, everyday watering through drip irrigation have almost the same effect on growth of the bell pepper plants as to drip irrigation every other day and by manual watering following farmers’ practice. 



Table 1
Response of Pepper Plants to Drip Irrigation in Terms of Height (in centimeter)
	Days After Transplanting
	Treatments
	Fcomputed
	Ftabular

	
	1
	2
	3
	
	5%
	1%

	7
	10.16
	11.28
	12.85
	3.66ns
	6.94
	18.00

	14
	13.53
	14.88
	16.52
	3.81ns
	6.94
	18.00

	21
	17.98
	18.76
	21.30
	3.88ns
	6.94
	18.00

	28
	21.11
	23.87
	26.48
	2.92ns
	6.94
	18.00

	35
	24.33
	28.04
	30.78
	1.83ns
	6.94
	18.00



As to Number of Developed Fruits
Table 2 shows the response of the pepper plant to drip irrigation in terms of number of developed fruits. Results revealed that there are differences in fruits developed among the bell pepper plants in all the data gathering days. At 7 and 14 DAT, T3 recorded the highest fruits developed with mean of 4.60, second is T2 with mean of 4.40 and last is T1 with mean of 2.63.  But at 63 and 70 DAT, T2 recorded the highest mean of developed fruits with 6.50 & 6.60 followed by T3 of 4.93 & 5.67, and last is T1 with 3.83 & 3.60. This could be attributed to the late branching out of the plants under T2 which bear much fruits on its flowering and fruit development stage. 
According to Maughan et. al., 2015, that irrigation management that is optimal results in healthy plants, maximum yields, and high quality fruit. Under-irrigation causes yield loss, blossom end rot, and other fruit quality difficulties. Over-irrigation raises the risk of disease, nutrient leaching, and water loss. A good fruit set and growth need a consistent moisture delivery is required at all stages of growth, but especially during bloom and fruit size. Peppers are sensitive to water stress during flowering because under-watering causes blossom end rot, a calcium deficit aggravated by a lack of water. Water suffocation It also produces conditions that cause more sunburn on fruits. To water a bell pepper, various irrigation methods are routinely utilized, each with its own set of management requirements.  Drip irrigation is used to save water while also improving plant development and productivity.
Statistical analysis shows that despite the variance among the treatments in all the data based on the weekly gathering period, there is no significant difference on the fruits developed 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 shows that bell pepper plants have response to irrigation as to fruits developed but not significant as found in this study. 





Table 2
Response of Bell Pepper Plants to Drip Irrigation in Terms of Number of Developed Fruits
	Days After Transplanting
	Treatments
	Fcomputed
	Ftabular

	
	1
	2
	3
	
	5%
	1%

	49
	2.63
	4.40
	4.60
	0.62ns
	6.94
	18.00

	56
	4.87
	7.63
	8.17
	0.78ns
	6.94
	18.00

	63
	3.83
	6.50
	4.93
	0.79ns
	6.94
	18.00

	70
	3.60
	6.60
	5.67
	2.29ns
	6.94
	18.00


ns-not significant
As to Pests and Diseases Occurrence
Table 3 presents the observed and recorded insect pests and disease occurrence. As to observation, three diseases attacked the bell pepper plants namely; blossom end rot, fusarium wilt, and leaf blight. 
Blossom end rot. As can be gleaned from the table, the infestation of blossom end rot is more intensified than fusarium wilt and leaf blight.  It revealed that occurrence is higher in T1 with 24.00, followed by T2 with 14.33 and last is T3 with mean of 10.33. ANOVA at 5% level of significance showed that there is no significance on the difference of occurrence of the blossom end rot as showed by the F-Computed value of 1.33 which is lower than the F-Tabular value of 6.94 (see Appendix A). This means that even though T1 has the highest infested plants the occurrence of blossom end rot on the plants irrigated with different treatment has no difference as to intensity of infestation.
Fusarium Wilt. Table reveals that the occurrence of fusarium wilt is high in T2 with mean of 7.00, followed by T3 with mean of 4.33, and last is T1 with mean of 3.33.  The Analysis of Variance showed no significant differences among the treatments on the occurrence of the fusarium wilt as revealed by F-Computed value of 1.03 which is below the F-Tabular value of 6.94 (see Appendix A). This means that the infestation of the fusarium wilt on the plants under the different treatments is almost same as to intensity.
Leaf Blight. It can be observed from the table that T1 has the highest infested plants with leaf blight as revealed by mean of 6.00 while T2 and T1 followed with mean of 5.67 and 3.67, respectively. Statistical analysis showed that there is no significant difference at 5% level of significance with 1.32 F-Computed value that is lower than the F-Tabular value of 6.94 (see Appendix A). It means that though there are differences on the leaf blight infested plants, it is not significant thus, the treatment has no bearing with it.
It could be gleaned from the table that T1 is mostly attacked by fusarium wilt and leaf blight based on the intensity and number of infested parts. This may be traced to the more juicy and succulency of the plants watered daily by drip irrigation. Since there is no clear evidence as to the reason of the high infestation in T1 or manually watering following farmers practice. As stated by Wangbi et. al., 2015, that the duration of foliar wetness, which is directly regulated by irrigation time and other factors, is largely dependent on pathogen success in establishing itself in aerial plant sections. If the moisture given by irrigation is sufficient to keep free water on the plant surface for the minimum time required for infection, disease epidemics will become more severe.





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

	
	1
	2
	3
	
	

	Blossom end rot
	24.00
	14.33
	10.33
	1.33ns
	6.94

	Fusarium Wilt
	3.33
	7.00
	4.33
	1.03ns
	6.94

	Leaf Blight
	6.00
	5.67
	3.67
	1.32ns
	6.94



Treatments’ Influence on the Yield of Pepper
Table 4 shows the treatments’ influence on the yield of bell pepper as to weight in kilograms. As can be gleaned from the table, T2 recorded the heaviest among the treatments with 37.50 kgs, followed by T3 with 31.40 kgs and last is T1 with 22.60 kgs. Findings therefore show that pepper plants (Casicum anuum) specifically Clarabel F1 variety, responded well to drip irrigation that is watered every other day compared to other treatments.
Nevertheless, ANOVA result showed no significant difference among the treatments with 0.40 F-Computed value which is lower than the F-Tabular value of 6.94. It shows that the treatments have no influence on the yield of bell pepper. 

Table 4
Influence of Treatments on the Yield of Pepper
	Treatment
	Weight (kgs)
	F-Computed
	F-Tabular
	Interpretation

	
	
	
	5%
	1%
	

	T1
	22.60
	0.40
	6.94
	18.00
	Not Significant

	T2
	37.50
	
	
	
	

	T3
	31.40
	
	
	
	




VII. Evaluation of Treatments as to Net Income
	Table 6 shows the summary of the projected sales, expenses and projected income. For this study, since the gathering of data on yield was stopped due to time constraints for the researcher to graduate, the actual sales which was computed to be one-fifth of the expected yield which was used to project sales. Based on the actual weight sold of 22.60kgs for T1, 37.50kgs for T2, and 31.40kgs for T3 it resulted to gross sales of Php2,945.00 at different prices from 25 pesos to 60 pesos. To project the net income, the researcher used the actual market price at the time this manuscript is being finalized of Php60.00 per kilo. With continues rain every afternoon, irrigation was stopped and inorganic fertilizer is applied to maximize the yield as well as quality of the pepper plants. Assuming the weight of plants per treatment will be averaged on the next harvests.
Projected sales of T1, T2 and T3 were Php6,151.40, Php10,207.00, and Php8,546.60, respectively. Actual expenses incurred are Php2,691.50 for T1, Php2,681.50 for T2, and Php2,949.00 for T3. Projected net income then shows that T2 has the highest profit of Php7,525.50, followed by T3 with Php5,597.60, and last is T1 with Php3,459.90. This entails that T2 or plants irrigated using drip irrigation every other day resulted to highest projected net income. Also, it could be deduced that a thousand square meters area planted with pepper could give a possible income of Php37, 627.50 per cropping.
As to return on investment, the pepper plants watered every other day has the highest ROI of 281% which means that the capital used to produce the pepper fruits is almost tripled. 
Table 6
Evaluation of Treatments as to Projected Net Income and Return on Investment (ROI)
	TREATMENT
	SALES
	EXPENSES
	INCOME
	ROI, %

	T1
	6,151.40
	2691.50
	3,459.90
	129

	T2
	10,207.00
	2681.50
	7,525.50
	281

	T3
	8,546.60
	2949.00
	5,597.60
	190

	TOTAL
	24,905.00
	8,322.00
	16,583.00
	



VIII. FINDINGS, CONCLUSIONS AND RECOMMENDATIONS
	As regard to the height of the plants, treatment 3 with final mean of 30.78cm was recorded as the tallest among the treatments at 7, 14, 21, 28 and 35 days after transplanting with the final mean height of 28.04cm and 24.33cm, respectively. 
	On the number of fruits developed, treatment 3 produced highest number of fruits developed with final mean of 8.17 followed by treatment 2 and treatment 1 with mean of 7.63 and 4.87, respectively. 
	As to the pest and diseases occurrence, the blossom end rot, fusarium wilt, and leaf blight was observed that infested the pepper plants. The blossom end rot was more observe based on intensity compared with fusarium wilt and leaf blight.
	In terms of yield or weight of harvested fruit of bell pepper, the plants in treatment 2 had the heaviest weight of 37.50 kgs followed by treatment 3 and 1 with their weight of 31.40 kgs and 22.60 kgs, respectively. 
	Lastly, treatment 2 has the highest projected net income and Return on Investment (ROI) compared to T3 and T1.
Based on the results and discussed findings, it can be deduced that Bell pepper (Casicum anuum) has no response on the drip irrigation treatments in terms of height of plants, number of fruit developed, and pest and diseases occurrence. Drip irrigation shows no significant influence on the yield of the pepper plants. Lastly, the pepper plants under drip irrigation scheduled every other day shows the highest projected net income and ROI.
Based on the above conclusions, the following are recommended: Further study on drip irrigation application using every other day schedule could be conducted using different varieties of pepper to assess the response and the influence of water application to the plants; to ascertain safe soil from soil borne diseases, the next crop should not be of the same family from the previous planted crops. Also, if it cannot be avoided, solarization of 7 days or more should be done on the soil to be planted. Lastly, ready back up water tank with water enough to irrigate the crops should be prepared to avoid technical problem on water pump. 
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