PLANT EXTRACTS TREATMENT ALONG WITH FLOWER BUD THINNING PROMOTES CACTUS PEAR PRODUCTION AND FRUIT QUALITY
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Abstract
Cactus pear is a high-value crop grown well in arid and semi-arid regions around the world. The area of cactus pear plantations in Egypt has expanded in the past few years due to its nutritional value and tolerance to drought and salinity. Improving growth and productivity of this crop under these stressful conditions can be achieved in many ways i.e. fertilization, fruit thinning, plant hormone, and plant extracts application. In the present study, plant extracts such as clove oil, turmeric extract, and Nigella sativa seed oil (thymoquinon) were utilized to investigate their effect along with flower bud thinning on cactus pear productivity and fruit quality. During seasons of 2014 and 2015, 12 years old plants were sprayed with plant extracts, each at 0.25 and 0.5 g l-1 concentrations, three times before flowering, after fruit set and 21 days after that. The flower bud thinning treatments were done after bud emergence as 4, 6, 8 and 10 bud per cladode. The results showed that thinning? Increased yield by 10-20% and thinning plus spray applications increased it by 30-40% in both seasons compared to control. Fruit characteristics (fruit weight, fruit size, pulp weight, fruit juice acidity and total soluble solids) were also dramatically promoted by all treatments. The highest productivity and best fruit characteristics were obtained with turmeric extract (0.5 g/l) along with thinning at 8 buds/ cladode. The results of this study suggest that this treatment may have the potential for improving the cactus pear fruit production in term of quantity and quality.
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INTRODUCTION
Cactus pear (Opuntia Spp.) is a tropical fruit belongs to family Cactaceae. Cactus plants have beautiful flowers and delicious fruits as well. In many countries , cactus pear are mainly grown for either their tasty and nutritious fruits or for the cladodes that are considered source of several medical and nutritional compounds (Betancourt-Domínguez et al., 2006). The medical value of cactus pear plants is well known, as they can be used to treat hypoglukemia, high blood cholesterol levels, and obesity and to control diabetes (Cassiana et al., 2010; Feugang et al., 2006; Hegwood, 1990). As a plant with crassulacean acid metabolism (CAM), cactus pear is able to withstand desert conditions with hot and dry climates (Duru and Turker, 2005). Cactus species are native to America and now is grown in arid and semiarid regions all over the world. It is widely distributed in Mexico, South Africa, Italy, Australia and the Mediterranean basin (De Wit et al., 2010; Griffith, 2004).

Although cactus pear plants are grown in Egyptian desert for many decades, no concern about the value of the plant as much as in other countries due to the low production (Abo-El-Ela et al., 2001). Studies have shown that until late 2008 cactus pear  
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[bookmark: _GoBack]was cultivated on a small scale and the fruits were domestically consumed. However, Commercial cultivations are now found in many areas in Egypt where reclamation has started to take place. In Egypt, there are Mexican types of cactus pear; Christalina (Opuntia albicarpa) and Roja pelona (Opuntia ficus-indica) that are exported besides two local types, Farawla and Elshamya that are commercially produced (according to Horticulture research institute in 2005/ 993). Lately, the area of cactus pear cultivation is substantially increased and it is estimated to be roughly 4000 faddans while the yield is differ from orchard to another, roughly 5-10 tons/feddan in the new orchards in arid region and 20-30 tons/feddan in the old ones. The research on cactus pear in Egypt is limited, so the need for research to improve the cactus pear fruit production and quality should be increased, in order to give more attention to this valuable fruit, and eventually encourage grower to invest more to increase the cultivated area in different regions in Egypt.  

[image: ]Improving the growth and productivity of fruit crops such as cactus pear depends on agricultural management practices, fruit thinning, fertilization, irrigation and can also be obtained by plant hormone or plant extract foliar applications (Inglese, 1995). Fruit quality of cactus pear required for local/ export markets can be achieved by a common agricultural practice such as fruit/flower bud thinning (Inglese et al., 1995). Thinning protocol that are commonly used is six fruits/ cladode, while this treatment reduce the fruit number per plant and eventually reduce the total yield of the orchard (Gugliuzza et al., 2002; Inglese et al., 1995). Other study recommended that thinning of reproductive buds should not be less than eight buds per cladode (Zegbe and Mena-Covarrubias, 2010). Another treatment that showed improvement in growth and productivity of fruit crops by regulating plant growth and relieving biotic and abiotic stresses was plant extracts application (Culver et al., 2012; Nijjar, 1985; Srivastava and Lal, 1997). Many studies were conducted to investigate the effect of plant extracts on growth and fruiting of different fruit crops. Studies on using garlic, onion turmeric extracts found that these applications significantly reduces the disease stress disorder and enhanced growth and yield of citrus crops (El-Wasfy et al., 2013; Srivastava and Lal, 1997) while spraying turmeric extract was able to promote the yield of the date palms (Mohamed and Mohamed, 2013). Ruby seedless grapevines yield was substantially increased after spraying with roselle, while turmeric extract was effective in improving the yield and fruit quality of Thompson seedless grapevines (Armanious, 2014; Gad el- Kareem and Abd el- Rahman, 2013). 





Figure1. Longitudinal and cross section of the fruit of the Mexican Cactus pear cultivar; Christalina. 
The objective of this study was to find the best application that improve fruit characteristics and fruit yield of Mexican cactus pear variety Christalina which is grown in southern Egypt. For this purpose, different combinations of two different treatments: plant extract spry application and flower bud thinning were used. Flower bud thinning was used for the intent of improving fruit weight and characteristics while plant extracts applications of clove oil, turmeric extract, and thymoquinon oil were used to improve the fruit quality and the harvested yield.
MATERIALS AND METHODS
The present experiment was carried out in Horticulture research center at Sohage University, Egypt during the year 2014-2015.The experiment was laid out in randomized block design with three replications. Three of 12 years old Mexican type cactus pear plants, Christalina, were used per each treatment. The spray applications of plant extracts: clove oil, turmeric oil, and thymoquinon oil were given three times starting before flowering, after fruit set and 3 weeks after. Two concentrations of each plant extract were used (0.25 and 0.50 g/l).The thinning treatment was done before flower bud open at 4, 6, 8 and 10 fruits/ cladode. The control plants are these with no thinning or spray application. Plant yield were recorded at harvest time. Fruit characteristics: fruit weight, pulp weight, fruit width and fruit length of random 10 fruits collected from each plant were measured, Total Soluble Solids content and titratable acidity (Expressed as percentage of citric acid) of the fruit juice were determined (James, 1995).The differences among treatments and within treatments and interaction between spray and thinning treatments mean values were analyzed by analysis of variance "ANOVA" at probability level of 5 % (P ≤ 0.05) followed by Least Significant Difference Test "LSD" using PROC GLM procedure of Statistical Analysis System (SAS) version 9.2 for Windows, SAS Institute Inc., Cary, NC, USA (SAS®, 2009).

RESULTS AND DISCUSSION
Standard fruit size and weight of cactus pear for the commercial sale is required and can be achieved by fruit /flower bud thinning, however this treatment reduces yield (Gugliuzza et al., 2002; Inglese et al., 1995). Use of foliar application of plant extracts was found to improve growth, yield of several fruit crops such as mango, date palm, grapevine and citrus crops (Armanious, 2014; Nijjar, 1985). To improve fruit 

Table 1. Effect of some plant extracts and different levels of flower bud thinning on fruit yield of cactus pear.

	 
	Fruit yield/Plant (kg)
	 

	
	Flower bud thinning B
	 

	
	(bud/cladode)
	

	Plant extract A (g/l)
	No 
Thinning
	4
	6
	8
	10
	Mean A

	No spray
	11.1
	9.9
	12.4
	12.3
	12.3
	11.6

	Turm. ext. (0.25)
	12.9
	9.3
	12.4
	14
	13.6
	12.5

	Turm. ext. (0.5)
	12.9
	9.9
	13.4
	14.3
	13.6
	12.8

	Thym. oil  (0.25)
	11.6
	9.9
	12.8
	14
	13.2
	12.3

	Thym. oil  (0.5)
	13.0
	9.4
	12.8
	13.8
	13.2
	12.5

	clove oil    (0.25)
	12.2
	9.3
	13.1
	13.9
	12.7
	12.2

	clove oil    (0.5)
	12.9
	9.8
	13.0
	14
	13.4
	12.6

	Mean B
	12.4
	9.7
	12.4
	13.8
	13.2
	 

	LSD at 5%
	A
	0.442
	
	
	
	

	
	B
	0.374
	
	
	
	

	 
	A×B
	  0.988
	 
	 
	 
	 


            1 Turm. ext. (turmeric extract), thym. oil (thymoquinon oil)
weight, size, and quality as well as fruit yield of cactus pear, the present study was conducted. Various plant extracts spray combined with flower bud thinning was applied on Cristalina cactus pear plants. Most of the treatments significantly increased the fruit yield either when applied single or combined compared to the control (Table 1). Thinning treatment at 4, 6 flower buds/ cladode reduce the fruit number per plant that reduces the fruit yield eventually, while 8 and 10 flower buds/ cladode had higher yield compared to the rest of thinning treatment. These treatments were able to increase the fruit yield by about 25%. These results were consistent with previous report that recommended 8 buds/ cladode to maintain the commercial yield (Zegbe and Mena-Covarrubias, 2010). 

Spray treatments with turmeric extract at (0.5 g/l) had highest yield compared to the other spray treatments and had about 15% more than the control. The results also reviled that a combination between turmeric extract application and thinning at 8 flower buds/ cladode significantly increased the fruit yield as compared other treatments, and increased it by 30% as compared to the control (Table 1). Turmeric extract application promoted all growth stages of the cells that reflect the increase in the fruit size and weight, and led to higher fruit yield. Yield of citrus (El-Wasfy et al., 2013), date palm (Mohamed and Mohamed, 2013) and grapevines(Armanious, 2014; Gad el- Kareem and Abd el- Rahman, 2013) was substantially increased after spraying with turmeric extract. 
The results show that different treatment exerted a significant influence on whole fruit weight and pulp weight as well as the fruit size (Table 2). Fruit weight and pulp weight were significantly increased after thinning at 4 flower buds/ cladode followed by 6 flower buds/ cladode compared to the other treatments, due to reduced number of fruit per plant. Fruit length was significantly increased after 8 flower buds/ cladode, while fruit width was not changed after all treatments compared to the control (Table 2). Spray application with turmeric extract at (0.5 g/l) had the best results of fruit weight and size compared to control and the rest of spray treatments. Whereas, best fruit size and weight was obtained after a combination of turmeric extract application with thinning at 8 flower buds/ cladode to same plant. Early studies reported that spraying with turmeric extract (Armanious, 2014; Gad el- Kareem and Abd el- Rahman, 2013) and thinning of flower buds (Inglese et al., 1995) were effective treatments in improving fruit characteristics of fruit crops.

Total soluble solids content (TSS) of cactus pear fruits juices ranges from 13-15% and acidity from 0.18-0.22% as reported by De Wit et al., (2010). The results show that TSS content of the control fruits was 13% and increased to 13.9-14 % after all treatments, while the acidity of the fruit juice was slightly affected after all treatments (Table 3). The acidity was decreased from 0.22 % to be 0.19 after the combination of turmeric extract spray application and thinning at 8 flower buds/ cladode treatment. 

CONCLUSION
From the above results, treatment with turmeric extract spray was able to improve fruit characteristics and fruit yield while thinning treatment remarkably improve the fruit weight and size but reduced the total yield. Therefore, a combination treatment of turmeric extract spray and thinning at 8 flower buds/cladode was effective in improving fruit characteristics and enhancing the productivity of cactus pear plants.
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Table 2. Effect of some plant extracts and different level of flower bud thinning on whole fruit weight, pulp weight, fruit length and fruit width of cactus pear.

	 
	Fruit weight (g)
	Pulp weight (g)

	
	 Flower bud thinning B (bud/cladode)
	 
	 Flower bud thinning B (bud/cladode)
	 

	Plant extract A (g/l)
	No Thinning
	4
	6
	8
	10
	Mean A
	No Thinning
	4
	6
	8
	10
	Mean A

	No spray
	121.6
	176.6
	162.7
	151.0
	137.6
	149.9
	79.1
	139.5
	122.9
	108.5
	100.5
	110.1

	Turm. ext. ( 0.25) 
	123.8
	179.7
	172.4
	173.1
	161.0
	162.0
	78.0
	132.4
	125.2
	127.3
	108.5
	114.3

	Turm. ext. (0.5) 
	135.0
	181.0
	173.5
	174.7
	164.9
	165.8
	88.4
	133.7
	126.5
	128.3
	117.7
	118.9

	Thym. oil  (0.25)
	123.5
	174.6
	173.2
	166.9
	161.6
	160.0
	78.2
	141.1
	127.5
	121.6
	128.4
	119.4

	Thym. oil  ( 0.5)
	128.7
	169.9
	170.4
	172.4
	161.4
	160.5
	84.7
	124.9
	125.1
	128.6
	116.7
	116.0

	clove oil    (0.25)
	128.5
	173.1
	170.3
	172.8
	162.9
	161.5
	83.9
	128.6
	125.5
	128.2
	118.8
	117.0

	clove oil    (0.5)
	128.4
	171.5
	173.7
	175.2
	163.5
	162.5
	82.1
	128.8
	128.4
	128.9
	121.1
	117.9

	Mean B
	127.1
	175.2
	170.9
	169.4
	159.0
	 
	82.1
	132.7
	125.9
	124.5
	116.0
	 

	LSD at 5%
	A
	5.894
	B
	4.981
	A×B
	13.18
	        A
	   3.15            B
	
	3.17
	A×B   
	8.33



	 
	Fruit length (cm)
	Fruit width (cm)
	 

	No spray
	8.33
	8.97
	9.47
	9.50
	8.93
	9.0
	4.9
	5.8
	5.5
	5.7
	5.4
	5.5

	Turm. ext. ( 0.25) 
	8.47
	9.37
	9.57
	9.53
	9.27
	9.2
	5.2
	5.7
	5.5
	5.8
	5.6
	5.6

	Turm. ext. (0.5) 
	8.50
	9.27
	9.27
	9.33
	9.03
	9.1
	5.2
	5.6
	5.8
	6.1
	5.8
	5.7

	Thym. oil  (0.25)
	8.23
	8.90
	9.37
	9.53
	9.10
	9.0
	5.1
	5.6
	5.7
	5.9
	5.7
	5.6

	Thym. oil  ( 0.5)
	8.03
	8.60
	8.93
	8.93
	8.80
	8.7
	5.1
	5.6
	5.7
	5.9
	5.7
	5.6

	clove oil    (0.25)
	8.20
	8.90
	9.07
	9.30
	8.80
	8.9
	5.0
	5.7
	5.6
	5.8
	5.8
	5.6

	clove oil    (0.5)
	8.20
	9.07
	9.23
	9.47
	8.90
	9.0
	5.1
	5.7
	5.8
	5.8
	5.8
	5.6

	Mean B
	8.30
	9.00
	9.30
	9.40
	9.00
	 
	5.1
	5.7
	5.7
	5.9
	5.7
	 

	LSD at 5%
	    A
	0.149
	B
	0.126
	A×B
	0.332
	       A
	0.0974
	B
	0.082
	A×B
	0.21





Table 3. Effect of some plant extracts and different levels of flower bud thinning on fruit juice total soluble solids (TSS) and acidity of cactus pear.

	 
	TSS (%)
	Acidity (%)

	
	Flower bud thinning B (bud/cladode)
	
	Flower bud thinning B (bud/cladode)
	

	Plant extract A (g/l)
	No Thinning
	4
	6
	8
	10
	Mean A
	No Thinning
	4
	6
	8
	10
	Mean A

	No spray
	13.0
	13.8
	14.2
	13.7
	13.4
	13.6
	0.22
	0.21
	0.20
	0.19
	0.20
	0.20

	Turm. ext. ( 0.25) 
	13.3
	13.9
	13.9
	14.4
	14.4
	14.0
	0.20
	0.20
	0.19
	0.19
	0.19
	0.20

	Turm. ext. (0.5) 
	13.6
	13.9
	14.0
	14.0
	13.9
	13.9
	0.19
	0.19
	0.18
	0.19
	0.20
	0.20

	Thym. oil  (0.25)
	13.6
	13.9
	13.9
	13.7
	13.7
	13.8
	0.19
	0.19
	0.19
	0.19
	0.19
	0.20

	Thym. oil  ( 0.5)
	13.5
	13.9
	14.0
	14.1
	13.6
	13.8
	0.20
	0.19
	0.20
	0.19
	0.19
	0.20

	clove oil    (0.25)
	13.7
	14.0
	14.1
	14.5
	13.8
	14.0
	0.19
	0.19
	0.19
	0.19
	0.19
	0.20

	clove oil    (0.5)
	13.7
	14.0
	14.3
	14.3
	13.8
	14.0
	0.19
	0.20
	0.19
	0.19
	0.19
	0.20

	Mean B
	13.5
	13.9
	14.1
	14.1
	13.8
	
	0.20
	0.19
	0.19
	0.19
	0.19
	

	LSD at 5%
	A
	0.221
	
	
	
	
	A
	0.0044
	
	
	
	

	
	B
	0.187
	
	
	
	
	B
	0.0037
	
	
	
	

	 
	A×B
	0.494
	
	
	
	
	A×B
	0.9880
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