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Abstract The various color was not significantly affected on the growth parameters. However, black and silver mulches (T2 and T3) exhibited highly significant and consistent impacts on yield performance, such as number of flower bud emergence where T2 (Black) obtained the highest number of 223.13, weight of fruit (T2 - 503.35 g and T3 - 490.79 g respectively), and overall fruit yield (t ha-1) where T3 (41.98 t ha-1) obtained comparable results in T2 (41.10 t ha-1), resulting in the highest Return on Investment (ROI). Consequently, it is determined that T3 (Silver) and T2 (Black) consistently demonstrated yield performance, making them favourable choices for local growers seeking to enhance the productivity and economic returns of red-fleshed dragon fruit cultivation in the region. Adopting black and silver mulches is based on their consistent and comparable positive results on yield performance, which is recommended for local dragon fruit growers in Claveria, Misamis Oriental Agro-ecosystem.
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Introduction

The former pitaya genus, Hylocereus, is derived from the Greek words "hyle," which means "woody," and "cereus," which means "waxen," while the new genus Selenicereus is taken from the Greek term "Selene," which refers to nighttime blooms (Kamran et al., 2023). Due to the leather-like texture of the fruit skin, pitaya is also known as pitaya roja in Central America, pitahaya in Mexico, and dragon fruit in Vietnam (Verona-Ruiz, 2020). The red-fleshed dragon fruit (Hylocereus polyrhizus Britton & Rose) is a fast-growing evergreen cactus, which reaches up to 1.5 to 2.5 meters in height with leafless, thin vine-like branches (Hossain et al., 2021) belongs to the Cactaceae family, genus Hylocereus, and is a long-day and diploid tropical plant (Xiong et al., 2020). It is now commercially cultivated and widely distributed throughout the tropics and some temperate regions (Nangare et al., 2020). 
The fruit is fleshy, oblong to ovoid, up to 6-12 cm long, 4-9 cm thick, red with huge bracteoles, pulp red, tasty, embedded with many small black seeds, and it has hermaphroditic flowers – it only opens at night, and nocturnal visitors include nectar-feeding bats and moths, which are important pollinators for this species (Nangare et al., 2020). Because of its production and economic importance, this fruit is categorized as a high-value crop and shows a competitive advantage for the local fruit industry (Eusebio and Alaban, 2018). Dragon fruit can handle some shade but may suffer damage from intense sunshine, however in Central and South American countries, it is regarded as a crop that needs full sunlight (Nangare et al., 2020). 
An increasing number of local growers are using mulch in their orchards to mitigate the effects of extreme temperatures, damaging sunlight, and soil erosion during pitaya growth (Luo et al., 2021). The development of polyethylene (PE) as a plastic film in 1938 and its introduction as a plastic mulch for vegetable crop production in the 1950s significantly enhanced commercial crop production (Lamont, 2017). 
Mulching is a well-established horticultural practice that involves covering the soil around the base of plants with various materials to modify the microenvironment and promote plant growth. In addition, plastic mulch helps to control weed, insect infestation, and regulate soil temperature, water use effectiveness, plant development, yield, and quality (Amare and Desta, 2021). Plastic mulches with different colors have been developed and utilized in different crop production systems. Furthermore, the choice of mulch color can potentially impact the microclimate around the plant, influencing factors such as soil temperature, moisture retention, weed suppression, and light reflection. 
Consequently, the color of mulch may affect the physiological processes, nutrient uptake, and overall growth of red-fleshed dragon fruit, ultimately influencing crop productivity. The plastic colors known today are mainly, black, white, green, brown, red, silver, and blue (Alizadeh, 2016). These colored plastic mulches are utilized in the cropping systems of various plants for a variety of functions. The purpose of the variation of colors is to impact the absorption and reflection of FR: R (far-red to Red) ratios, resulting in phytochrome regulation (Franquera, 2016). Among the factors that can influence mulching effectiveness, the color of the mulch has been gaining attention as a potential determinant of productivity in several fruit crops (Nguyen et al., 2020). 
The study aimed to evaluate the influence of different mulch colors on the growth and productivity performance of red-fleshed dragon fruit (Hylocereus polyrhizus), specifically in terms of flower bud emergence, number of fruits, fruit weight, fruit yield, and return on investment (ROI), to identify the most effective mulch color for enhancing yield and economic returns under Claveria, Misamis Oriental conditions.

Materials and methods

Site details

	This study is institutionally funded and was conducted in the experimental area under the Research Office of the University of Science and Technology of Southern Philippines (USTP)—Claveria Campus, Claveria, Misamis Oriental, Philippines. The site is situated at 8º36'39.66 North and 124º52'51.93 East and is 605 meters above sea level (masl).

Treatments 

	This was laid out following the Randomized Complete Block Design (RCBD), with four treatments and three replications: T1—control (no mulch), T2—black mulch color, T3—silver mulch color, and T4—clear mulch color.

Cultural management and practices

	Five sample posts are assigned in each treatment per replication, so sixty experimental posts were to be covered for the study. A four-year-old bearing red-fleshed dragon fruit was planted on March 19, 2019.  
It was planted using the conventional trellising setup, the mop top system in which the varied heights of concrete posts with sizes of fifth teen cm in width and fifth teen cm in thickness were buried following the planting distance of three meters between hills and three meters between rows and the used motorcycle tires were linked to the top of each post, and support metals (two pieces) was positioned above horizontally. Four cuttings of cladodes were used as planting materials during planting. The "red-royal" red-fleshed dragon fruit is the specific variety used for the experimental study since it is the variety available in the USTP—Claveria, Campus. Various color of plastic mulch was applied on the soil surface surrounding every post of the dragon fruit. It was applied firmly on the mounted surface to make it secure and done manually. Specifically, three rows were used in this study; each row represents per replication, which contains twenty- posts; however, only twenty posts were used for this experimental study. Treatments are determined through mulch color which was applied in five (5) consecutive posts. Removal of weeds was usually done on the part that doesn't undergo plastic mulch which is the control (no mulch) in this experimental study. Fertilizer was applied monthly basis staring from March up to November (end of the harvest season) at the suggested rate suitable for the Jasaan series type of soil, N60-P120-K240 kg ha-1 (Gonzaga et al., 2017). Dragon fruit was harvested 36th day after anthesis, it is usually done in the morning. The fruit is harvested manually using pruning shears to cut the fruit from the cladodes.

Data collection and analysis

	The following parameters were gathered: the number of flower bud emergences, the number of fruits, the fruit weight (g), the fruit yield (t ha-1), and the return on investment (ROI). The yield data gathered was analyzed through Analysis of Variance (ANOVA) using STAR Nebula software and the Tukey’s Test (HSD) at 5 % was used to test the differences among treatment means.

Results

Number of flower bud emergence

The number of flower bud emergence was highly significant differences among treatments (Figure 1). The maximum number of flower bud emergence was obtained in black color (T2), which averaged number of 223.13, while clear color (T4) was recorded as the second highest, with an average number of 206.73. Silver color (T3) obtained an average number of 192.40, respectively. The least was observed in control (T1), which averaged number of 155.67.

Number of fruits

	Results revealed that the number of fruits per post was found to be highly significant differences among treatments (Figure 2). It was observed that the black color (T2) obtained the highest number of fruits, garnering 94.13, and it was also noted that its fruit weight ranked as highest among treatments. Moreover, silver color (T3) and clear color (T4) attained 89.80 and 88.66, respectively. Alternatively, the least was observed in control (T1), which only has 61.87, but its fruit weight was the second highest rank among other treatments. 
















Figure 1. Effect of mulch color on the number of flower bud’s emergence of           red-fleshed dragon fruit under Claveria, Misamis Oriental condition














Figure 2. Effect of mulch color on the number of fruits per post of red-fleshed dragon fruit under Claveria, Misamis Oriental condition

Weight of fruit (g)

	It was significantly differed among treatments in terms of fruit weight on the yield performance of red-fleshed dragon fruit (Figure 2). The black color (T2) and silver color (T3) found consistent results of 503.35 g and 490.79 g which were comparable to control (T1) attained 449.11 g, respectively. On the other hand, the least was observed in clear color (T4), attaining 387.49 g.
	

Figure 3. Effects of mulch color on the fruit weight (g) per fruit of red-fleshed dragon fruit under Claveria, Misamis Oriental condition

Fruit yield (t ha-1)

Throughout the fruiting season, results showed highly significant differences among treatments. The highest fruit yield was recorded in silver color (T3), which projected an average of 41.98 t ha-1, followed by black color (T2), which attained an average of 41.10 t ha-1 (Figure 4). Meanwhile, clear color (T4) gained an average of 35.63 t ha-1, and the least was garnered by control (T1), with an average yield of 26.40 t ha-1, respectively.











Figure 4. Effects of mulch color on the fruit yield (t ha-1) of red-fleshed dragon fruit under Claveria, Misamis Oriental condition

Return on investment (ROI)

	Results showed highly significant differences among treatments (Table 1). The highest number of fruits per post and the total yield t ha-1 were observed comparable results in black color (T2) and silver color (T3), where the use of black and silver mulch was recorded as the highest computed value of 323.70 percent and 332.84 percent, respectively. This was followed by using clear color (T4) with the highest number of fruits per post and minimum weight of fruit, resulting in reaching which computed value of 267.32 percent, and control (T1) generated the lowest computed value of 181 percent.

	
Treatment

	Cost of production (Php)
	Net income (Php)
	ROI %

	T1 – Control 
	702,960
	1,276,790
	181.63b

	T2 – Black 
	727,460
	2,354,790
	323.70a

	T3 – Silver 
	727,460
	2,421,290
	332.84a

	T4 – Clear 
	727,460
	1,944,790
	267.34a

	CV (%)
	-
	-
	12.00

	F-test
	-
	-
	**


Table 1. Cost and return analysis of red-fleshed dragon fruit as influenced by various mulch colors
Means in a column with the same letters are not significantly different at 5% level using Tukey’s test.
** - significant at a level of 1% of probability (p < .01)    

Discussion

	Black and silver color (T2 and T3) exhibited highly significant and consistent impacts on yield performance, such as number of flower bud emergence where black color (T2) obtained the highest number of 223.13, weight of fruit (T2 - 503.35 g and T3 - 490.79 g respectively), and overall fruit yield (t ha-1) where T3 (41.98 t ha-1) obtained comparable results in T2 (41.10 t ha-1), resulting in the highest Return on Investment (ROI). Consequently, it is determined that silver color (T3) and black color (T2) consistently demonstrate yield performance, making them favorable choices for local growers seeking to enhance the productivity and economic returns of red-fleshed dragon fruit cultivation in the region. 
The study represents the effects of mulch color on several parameters of red-fleshed dragon fruit. Specifically, it drew a significant impact on the number of flower buds emergence, the number of fruits, fruit weight, fruit yield, and ROI. Sarmah et al. (2014) determined that black polyethylene significantly stimulates plant growth and development (vegetative growth) and also boosts flower output in gerbera plants, either numerically or qualitatively. Mendonca et al. (2021) stated that yellow and silver plastic film mulches improved tomato plant development at 40 DAT, whereas green and silver plastic film mulches increased yield and the total number of fruits by 33 and 34%, respectively. Hybrid eggplant states that clear plastic mulch significantly improves fruit length, diameter, and number of fruits/plants, and yield, while black mulch is superior in fruit weight (Saeid et al., 2021). Yadav et al. (2023) reports that research into the impacts of reflecting mulch color on return on investment (ROI) in agriculture has yielded positive findings.
Adopting black and silver mulches, based on their consistent and comparable positive yield performance results, is recommended for local dragon fruit growers in Claveria, Misamis Oriental Agroecosystem. Growers should also conduct a thorough economic analysis to assess the feasibility of incorporating these mulches into their cultivation practices.
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Series 1	c
a
a
b

T1 - control	T2 - black	T3 - silver	T4 - clear	26.4	41.1	41.98	35.630000000000003	Column2	
T1 - control	T2 - black	T3 - silver	T4 - clear	Column1	
T1 - control	T2 - black	T3 - silver	T4 - clear	Treatment (Mulch color)


Fruit yield (t ha-1)



Column1	d
a
c
b

T1 - control	T2 - black	T3 - silver	T4 - clear	155.66999999999999	223.13	192.4	206.73	Column2	
T1 - control	T2 - black	T3 - silver	T4 - clear	Column3	
T1 - control	T2 - black	T3 - silver	T4 - clear	Treatment (Mulch color)


Number of flower bud's emergence



Series 1	b
a
a
a

T1 - control	T2 - black	T3 - silver	T4 - clear	61.87	94.13	89.8	88.66	Column1	
T1 - control	T2 - black	T3 - silver	T4 - clear	Column2	
T1 - control	T2 - black	T3 - silver	T4 - clear	Treatment (Mulch color)


Number of Fruits



Series 1	b
a
a
c

T1 - control	T2 - black	T3 - silver	T4 - clear	449.11	503.35	490.79	387.49	Column1	
T1 - control	T2 - black	T3 - silver	T4 - clear	Column2	
T1 - control	T2 - black	T3 - silver	T4 - clear	Treatment (Mulch color)


Weight of fruit (g)
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