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Influence of intercropping and irrigation frequencies in the leaf development and taro (Cocoyam) productivity under organic management
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Abstract
The objective of this work was to evaluate the influence of the intercropping and irrigation frequencies in the leaf development and productivity of taro (Colocasia esculenta) under organic management. The experiment was set up as a randomized complete block design, a factorial 2 x 2, with four replications. Taro was cultivated in monoculture or intercropped with Crotalaria juncea under two irrigation frequencies: every 3.5 days for 30 minutes and every 15 days for 2 hours. The intercropping increased taro petiole length but did not increase leaf area. The same effects were observed for irrigation frequency on the leaf area and petiole, length at the 30th and 60th days after C. juncea cutting. The amount of taro yield and offshoot number of class 1 (category up to 40g) were affected negatively by the intercropping. However the total number, total yield and average weight of the offshoot were not affected by the intercropping. The irrigation frequency promoted positive effects in the number and weight of offshoot (category of 80g weight or higher), as well as in the total taro yield and average offshoot weight. The conclusion was that the short frequency irrigation contributed for the development and productivity of taro offshoots and the intercropping with C. juncea did not decreased  the total productivity of taro cropping.
Introduction
The taro (Colocasia esculenta) is a food with great potential for exploration, because it has a good rusticity and adaptation capacity to different conditions of soil and climate (Nolasco, 1983) of the tropics and is well suitable for organic production. The cycle of the culture of taro is influenced by several factors, including: temperature, variety, brightness and availability of water and nutrients. In Brazil, the cycle varies between 5 and 9 months in the Central Regions and Southeast of the country (Filgueira, 2003). The initial growth of taro is slow, only reaching maximum development between the fourth and sixth month. That phase is marked by the increase in the leaf area, in the number of leaves and plant height. In the next phase, the leaf development decreases in intensity and the plant growth is reduced. Under irrigation, the cycle is prolonged and the maturation point is more difficultly recognized, and the harvested period can be reduced, because tillering starts faster (Soares, 1991). Some of those factors such as availability of nutrients and plant variety characteristics have been studied, however, the factor water supply and shading still need more information, primarily in planting systems intercropped with legume. The objective of the present work was to determine the influence of the intercropping and irrigation frequencies in the leaf development and productivity of taro (Colocasia esculenta) under organic management. 
Materials and methods

The experiment was conducted in the Experimental Station of Pesagro-Rio (Rio de Janeiro State Agricultural Research Organization) in Avelar, Municipality of Paty do Alferes, State of Rio de Janeiro, Brazil. The Station is located in a mountain area at 575m of altitude with climatic condition of “tropical humid of altitude” according to the Köppen system. The soil of the experimental area is an Oxisol previously cultivated during several years with horticultural crops. Soil was ploughed down once and disked in twice before planting. The experiment was set up as a randomized complete block design, a factorial 2 x 2, with four replications. The treatments were two crop systems, taro in monoculture or intercropped with Crotalaria juncea, and two different irrigation frequencies: 30 minutes every 3.5 days (short frequency) and 2 hours every 15 days (long frequency), being four hours/month with the same volume of water for both cases. The taro was planted in the spacing of 1.0 x 0.3 m. At planting time it was applied bovine manure equivalent to 100 kg ha-1 of nitrogen. The C. juncea was sowing in double lines (spaced 0.5m with 30 seeds/linear meter) between the taro raw 90 days after the taro planting, and cut 60 days after planting. The attributes evaluated in the taro plants, after the legume cutting, consisted in measurements of the leaf area and height of taro plants in a follow up of three months. In the harvesting time it was evaluated the number and yield of the taro offshoots separated in three categories: class 1 - up to 40 g; class 2 - between 40 g and 80 g and class 3 - above 80 g. For statistics interpretation, it was applied the F test and Scott-Knott test (p<0.05).
Results
The statistical analysis showed significant effects for factors, but no interaction among them. The leaf area was the same in monoculture or intercropped with C. juncea (Figure 1), declining significantly in the end of the cycle, not happening the same with the height of the plants. 
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Figure 1 - Leaf area of taro plants (A) in monoculture or intercropped with C. juncea, and (B) with different irrigation frequency at 0, 30 and 60 days after the cut of the legume. *Vertical bar indicate ± standard error of the mean.
The taro petiole was longer in the intercropping system with a legume cut at 60 days (Figure 2). The same effect was observed for the irrigation frequency, being the larger leaf area and taller plants at 30t and 60 days for the short frequency irrigation.
The taro yield and offshoot number (class 1) was affected negatively by the intercropping system. However, the total number and offshoot yield were not affected by the intercropping, as well as the weight of the taro corms and offshoots (Table 1). The short irrigation frequency promoted effects significantly larger in the number and weight of offshoot of the class 3, as well as in the total productivity and medium weight of offshoot, not affecting the weight of the central taro corm (Table 1).
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Figure 2 – The taro plant height (A) monoculture or intercropping with C. juncea, and (B) irrigation frequency at 0, 30 and 60 days after legume cutting. *Bars in vertical indicate ± standard error of the mean.

Table 1 – Mean values of total number and yield of taro offshoots and corms in monoculture and intercropped with C. juncea under different irrigation frequency. 

	Treatments1
	ONC2 ha-1 x 103
	TON  ha-1 x 103
	WC (Mg ha-1)
	TOW Mg ha-1
	WCC Mg ha-1
	WMS (g)

	Irrigation frequency
	1
	2
	3
	
	1
	2
	3
	
	
	

	Long frequency
	102,20a
	70,63a
	37,30b
	210,13a
	1,87a
	3,15a
	2,66b
	7,68b
	3,12a
	35,53b

	Short frequency
	112,50a
	80,67a
	66,72a
	259,90a
	2,21a
	3,42a
	5,66a
	11,29a
	3,63a
	43,83a

	Crop system 
	
	
	
	
	
	
	
	
	
	

	Monoculture
	124,15a
	80,06a
	54,03a
	258,24a
	2,35a
	3,27a
	4,20a
	9,82a
	3,19a
	37,65a

	Intercropped
	90,55b
	71,25a
	50,00a
	211,80a
	1,73b
	3,30a
	4,12a
	9,15a
	3,55a
	41,71a

	C.V. (%)
	17,52
	30,14
	45,69
	21,02
	22,75
	28,27
	44,20
	28,57
	24,25
	16,87


1Means followed by the same letters in the column for the same treatment are not different by Scott-Knott test (p>0.05).
2Taro offshoot number per class (ONC), total taro offshoot number (TON), weight per class (WC), total offshoot weight (TOW), weight of central corm (WCC) and mean offshoot weight (WMS).
Discussion
The growth of C. juncea caused progressive increases of shading on taro plants. Although the majority of the species of the family Aracea is considered shade-tolerant (Rubatzky & Yamaguchi, 1997) taro intercropped with C. juncea showed increasing on petiole length, and in consequence taller plants were produced in comparison to taro cropped alone. This result was different than what could be expected for a shade tolerant specie (Rubatzky & Yamaguchi, 1997). During the taro cycle some leaf blights occurred due to excess of sun shinning, what might have affected the leaf area in monoculture, as well as in the long frequency irrigation for monoculture and intercropping treatments. In a shading condition, the reduction in taro offshoot number (class 1) in the intercropping treatment may be due to decreasing in energy and nutrients availability for the central taro corm and the use of this energy and nutrients for prolongation leaf petiole. Oliveira (2004) also found in an alley cropping of taro with pigeon pea (Cajanus cajan) the incidence of leaf blight where legume was pruned.
Conclusions
The intercropping of taro with C. juncea stimulates the development of taller taro plant but not altering taro leaf area. 
The intercropping affects negatively the number and yield of offshoot of the class 1 but not affecting the total yield and total number of offshoot all classes together. 
Short irrigation frequency increases in the taro: the leaf area, the plant height, the mean offshoot weight, and the total offshoot yield.
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