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Effect of green manure rotation, biol and cultivar on the production of organic spinach (Spinacea oleracea)
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Abstract 
Two cultivars (Open Pollination OP and hybrid) were evaluated in a rotation with green manure (Crotalaria juncea) and four biol concentrations (0, 20, 40 and 100%) on organic spinach crop. A statistical complete randomized block under factorial design was used. The yield was highly statically significant for the rotation with green manure (24.3 t/ha), biol (25.8 t/ha) and the interaction of rotation x cultivar (25.2 t/ha), where the production of the OP was superior to hybrid, when green manure was used. High yields obtained when green manure in rotation and high biol concentrations were used,  justifies its wide and common use, especially with small farmers, improving the spinach organic production efficiency even when an OP cultivar was used.  
Introduction  
Organic agriculture in Peru involves more than 100 000 small farmer families. Organic agriculture aims to obtain high nutritional quality food with environmental respect, preserving soil fertility and genetic diversity (Alvarado 2004).
Crop rotation is an antique practice used to increase yields, keep soil fertility in a natural way and as a strategy to prevent pest and diseases. Several authors define it as sequence of different crops, associated or not, in a tract of land for limited time and not necessarily repeated in the same order or a crop sequence system in a specific area (Altieri 1999), therefore the succession in the time it’s the most important in the system to maintain soil fertility.

An adequate planning of crop rotation allows attending soil requirements efficiently and can be started using green manure or fodder crops with great contribution of biomass and nitrogen (Fabaceae), to generate crop fertility conditions (Kolmans & Vásquez 1996). Therefore rotations can not be carried out of a random, because it can also generate negative effects, such as sorghum root allelopathic exudates that affects yield (Altieri 1999).

Organic fertilizers are obtained directly or indirectly from plants or animals during the rotting process, and they are an important source of essential nutrients, organic matter, humus substances and plant growth regulators. Biol is a popular name of a liquid organic fertilizer, which is obtained from a biodigestor (anaerobic fermentation of manure, green plants in closed recipients). Different micro organism are in charge to transform these organic materials in humic substances and a sort of  amino acid, vitamins, AIA, gibberellins and mineral complex from the non humic fraction of the organic matter. Biol has become very popular across Latin America, especially among small producers in order to easy to produce, low costs and better effects. Biol is used in many crops, with soil or foliage applications and variable concentrations.

This study was aimed to evaluate the organic production of spinach (Spinacea oleracea) in an organic plot depending on three factors: rotation with green manure (Crotalaria juncea L.); biol effect and the response of two cultivars of spinach, one open pollinated (OP) and a hybrid.

Materials and methods 

The essay was conducted between at the El Huerto (Vegetable Research Program) of the Universidad Nacional Agraria La Molina (UNALM) in Lima, Perú. The average temperature varied between 13º C and 19ºC  with an average of 16º C and a relative humidity of 87%, finding within the optimal temperature range (13-18ºC) for the crop (Ugás et al 2000).

The characteristics of soil presents low levels of CE (0.72 dSm-1), moderately alkaline (pH 8), low organic matter content (1.8%), gritty and frank texture, average levels of CIC, but high content of phosphorus and potassium, characteristics suitable for the cultivation of spinach.

Materials
Seeds: Viroflay cultivar seeds (open pollinated OP) were used, and Quinto hybrid. 

Biol: Obtained by a 10 m3 capacity biodigestor, from Bioagricultura Casablanca in Pachacamac, with the following characteristics (Table Nº 1).
Tab. 1: Biol analysis from a biodigestor. Pachacamac, Perú
	CE

dS/m
	pH
	Solid

g/l
	Organic matter

g/l
	N

mg/l
	P

mg/l
	K

mg/l
	Ca

mg/l
	Mg

mg/l
	Na

mg/l

	15.3
	8.2
	23.6
	5.4
	980
	121
	6760
	220.4
	53.4
	542


 Source: Soil and Fertility laboratory UNALM

Pest control: It was used yellow traps, colored glue traps and oil to control white fly (Liriomyza huidobrensis, Bemisia tabaci), ash to control black worms (Agrotis spp), as well as water cultural control for root rotting (Fusarium spp).
Study Factors

Rotation. The spinach was planted in two adjacent plots: one where the last crop harvested was corn (Zea mays) and the second where the preceding crop was crotalaria (Crotalaria juncea) incorporated to the soil.
Cultivar. Two spinach cultivars (Spinacea oleracea L.) were used: Viroflay, open-pollinated (OP) and Quinto (hybrid).
Biol concentrations. Three biol concentrations were used in foliar application: 20, 40 and 100% plus a witness (without application).
Treatments and experimental design. The combination of three factors: rotation, cultivar and biol, lead to 16 treatments. It was used statistical complete randomized block design with factorial arrangements. The averages were confirmed by the Duncan test (Alpha = 0.05) using the test of least squares (Alpha = 0.05) when working with the interactions between different factors

Results
Growth. The OP cultivar obtained the largest size, over the hybrid cultivar when   rotation with green manure was used.  Both cultivars (hybrid and OP) obtained larger sizes when biol concentration increased (FIGURE Nº1).
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Figure Nº1
Yield. According to single factors (TABLE Nº 2), highly statistically significant differences were found for green manure rotation and higher concentrations of biol factors; these factors were superior to the cultivar factor (hybrid and OP), being decisive in improving yields of organic spinach crop. Under this conditions, the effect of the type of cultivar (hybrid or OP) was less important that biol and rotation effects. 
Tab. 2: Simple effects and interactions of rotation with green manure (Crotalaria juncea), biol and cultivar on spinach yields (Spinacea oleracea).
	Treatments
	         Yields (t/ha)

	 Rotation

Without Crotalaria (WC)
With Crotalaria (C)
	17.97 b

     24.29 a **

	Cultivar

Viroflay (OP)

Quinto (Hyb)
	19.44

        22.82  (ns)

	Biol (%)

 0 

20

40

100
	15.47 b

 20.26 ab

22.99 a

   25.80 a**

	 Rotation  X Cultivar

 WC x OP
 WC x Hyb

  C   x OP

  C   x Hyb  
	         13.65 b

         22.29 a

         25.24 a

         23.34 a**

	Rotation x  biol
	         n.s

	Cultivar x  biol
	         n.s

	Rotation x Cv x  biol
	         n.s


                           * Significant for P<0.05 ; *** significant for P<0.001

Interaction factor was highly significant only with the combination of rotation with cultivar, even when OP cultivar was used. Other double or triple interactions were not significant. These results confirm the superior effect of the rotation with green manure over foliar fertilizer (biol) and type of cultivar. 
Discussion and Conclusions
Results demonstrated that in organic spinach crop the rotation with green manure is a major factor than cultivar (hybrid /OP) or organic foliar fertilizer (concentration of biol). The best response of the cultivar OP was obtained when used rotation with green manure, demonstrating it is a valuable factor to obtain better yields in organic spinach crop. Hybrid cultivar did not obtain higher yields, because the specific nutrition and environment requirements are achievable only with chemical inputs (Arroyo 2005). In Argelia, in desert conditions, the production of spinach under unfavorable conditions was greater with OP than the hybrids (Gutierrez & Tapia 2006). 
The rotation with green manure (Crotalaria juncea) showed that at the same environmental conditions OP can be more efficient reaching higher yields than hybrid. Biol concentration increased the yield, gaining maximum efficiency when 100% foliar concentration was used (23.37 t / ha). Biol effects are consistent with other essays like pickles (Cucumis sativus), where higher yields were obtained with biol 50% (25.7 t/ ha) in an out-of-season planting (Delgado 2003) and green beans (Phaseolus vulgaris) where the highest yields (17.9 t/ ha) were obtained with 100% of the foliage biol (Barrios 2001). 
Therefore spinach yields can be explained by the effect of simple factors (Rotation or cultivate biol concentration) independently and by the interaction of double rotation with green manure x cultivar. When not using green manure in the rotation, the yield was increased only by the effect of cultivars.
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