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Organic matter addition in organic farming – Impact on root development and yields in maize and cowpea over dry seasons
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Abstract 
Organic matter and its proper management are vital in tropical organic farming to maintain productivity. A field study thus placed rice straw or Gliricidia leaves on the soil surface or the material was incorporated into soil. The impact of these treatments on soil moisture, root development and yields of organically grown maize or cowpea were evaluated in an Asian dry season. Incorporation increased soil moisture retention in the soil and hence induced better root growth, culminating in higher yields. The impact was greater in maize, especially with Gliricidia leaves. The benefits of incorporating organic matter in dry seasons for tropical organic farming are presented.

Introduction 

The availability of organic matter in tropical Asian farming systems is low and is generally of poor quality (Katyal et al., 2001). Management of the available organic matter is thus important to derive maximum benefits (Giller et al., 2006). Incorporating organic matter within conventional farming systems showed stimulation of root growth (Sangakkara et al., 2004). Similar studies within a tropical organic system have not been reported. However Ball et al. (2007) report this effect in temperate conditions. Hence a field study evaluated the impact of different methods of placing two common tropical organic materials on water holding capacity of the rooting zone of a tropical organic system. The impact on root growth and yields of two common tropical crops (maize – Zea mays and cowpea Vigna unguiculata) was also determined over a minor season when the crops are subjected to moisture stress.
Materials and methods 

The experiment was conducted on an organic farm located in the intermediate zone of Sri Lanka, at Kurunegala (83°N, 79°E, and 116 m above sea level) in the minor season of 2005 lasting from May to August. The soil of the site was an Ultisol, with an organic C content of 1.89 + 0.44% and N content of 38 (+ 1.99) mg.kg-1 and a sandy loam texture. Rainfall received in this season was 214 mm and the mean temperature was 31°C + 2.33 °C. With the onset of the rains in May, land was prepared, plots of 3 x 2 m demarcated. Soils were sampled at 12 locations to a depth of 30 cm at intervals of 0 - 10, 10 – 20 and 20 – 40 cm using a core sampler and Water Holding Capacity (WHC) was determined. Thereafter, leaves of Gliricidia sepium (C:N ratio 21.4) and rice straw (C:N ratio 39.8) were either applied to the surface or incorporated into the top 40 cm manually. The rate of addition was equivalent to 5 Mt dry matter per ha.  The control treatment had no organic matter. Thus the experiment had 5 treatments replicated four times within a randomized block design.
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At 14 days after adding organic matter, soils of all plots were sampled again to the same depths and WHC was determined. Seeds of either maize or cowpea (Var Ruwan or Arlington respectively) were planted at the recommended spacing and maintained organically. At flower initiation of both crops, core samples were obtained from two locations per plot from the depths of 0 – 20 cm and 20 – 40 cm, roots washed and total lengths determined by the grid method to calculate root length densities (RLD). Seed yields were determined at crop maturity. The data was subjected to statistical analysis using a GLM model and significance of treatment differences were determined using LSD  values.
Results and Discussion
The WHC of the soils prior to adding organic matter declined significantly with depth (i.e. 18.2, 16.5 and 15.1% (S.E. 2.11, n= 12) at depths of 0 – 10, 10 – 20 and 20 – 40 cm respectively. This clearly indicated the more compact soil structure within the root zone on this organic farm. 
Organic matter increased WHC of soils when compared to the control (Table 1). Incorporation of the material increased the beneficial impact to a greater extent, especially when rice straw, was added. This is due to the slower decomposition of this material with its greater C:N ratio, when compared to the leguminous Gliricidia leaves. The lower increase in WHC on the surface is due to the faster breakdown of the material, especially Gliricidia leaves. However the importance of organic matter in enhancing WHC of tropical soils was clearly evident as shown by Olness and Archer (2005), who stated that a 1% increase in soil C enhances WHC by 2 to >5%, depending on the soil texture.
Tab. 1. Water holding capacity of soil as affected by organic matter and its method of application

	Organic matter
	Method of addition
	 WHC (%)

	
	
	0 – 20 cm
	20 – 40 cm

	Rice straw
	Surface
	19.5
	18.6

	
	Incorporated
	20.2
	19.8

	Gliricidia
	Surface
	19.2
	16.5

	
	Incorporated
	19.9
	19.1

	Control
	
	17.5
	16.3

	SE mean (n=40)
	
	0.41
	0.84


Organic matter stimulated root development (RLD) of both species (Table 2). The interaction between organic matter and the method of addition was also significant. The greater beneficial impact was observed with maize, which has a fibrous root system when compared to the tap root system of cowpea. This can also be attributed to the more drought tolerance of cowpea and its deep rooting ability. Surface application of rice straw enhanced RLD of maize, especially in the top layer of soil  and more than in cowpea (Table 2). The beneficial impact was also greater than when Gliricidia was applied to the surface.  This again is due to the slower breakdown of straw.  In contrast, the differences in the RLD in cowpea in the two soil depths were not as greater as in maize when the organic matter was applied to the surface. Incorporation induced better root development in both soil layers, especially with rice straw. Although the RLD of both species in the top layer of soil was lower when the organic matter was incorporated, there was an overall stimulation of roots within the soil profile due to incorporation. This can clearly be related to the better WHC of the lower soil layer when the organic matter, especially straw was incorporated.

Tab. 2. RLD of maize and cowpea as affected by organic matter and method of addition

	Organic matter
	Addition
	 Root Length Density (cm.cm-3)

	
	
	Maize
	Cowpea

	
	
	0 – 20 cm
	20 – 40 cm
	0 – 20 cm
	20 – 40 cm

	Rice straw
	Surface
	25.6
	12.8
	14.5
	12.7

	
	Incorporation
	22.4
	20.7
	10.1
	10.6

	Gliricidia
	Surface
	23.1
	10.4
	11.4
	9.3

	
	Incorporation
	19.6
	18.0
	10.5
	10.1

	Control
	
	15.6
	12.8
	9.4
	8.5

	LSD (p=0.05)         Material

                              Incorporation
	0.031
	0.027
	0.018
	0.037

	
	0.004
	0.018
	0.006
	0.033


Organic matter increased seed yields of both species over the control, irrespective of the type and method of addition (Table 3). This clearly highlights the role of organic matter in organic farming, especially in the dry seasons when crops are subjected to soil moisture stress. The beneficial impact was greater in maize than in cowpea in this season, due to the greater susceptibility of the cereal to moisture stress.
Incorporation of the organic matter increased yields significantly, and again the impact was greater in maize. This is due to the better root distribution in the soil profile due to incorporation. A positive correlation could thus be established between RLD and yields for maize (Y = 14.254Ln(X) - 83.396 (r2 = 0.8845) and cowpea (Y = 9.521Ln(X) - 56.55 (r2 = 0.7906). The greater increase in yields with increasing RLD in maize also highlighted the greater beneficial effect of adding organic matter on the cereal, by the stimulation of root development, which could be related to enhanced water holding capacity.
Gliricidia increased yields to a greater extent than rice straw, especially when incorporated. The higher N content in the leaves and the more rapid breakdown would provide N, which is limiting in tropical cropping systems to the growing crops, especially maize. In contrast, cowpea could fix atmospheric N and hence is less benefited by this organic matter.

Tab. 3.  Impact of method of addition of organic matter on yields of maize and cowpea 
	Organic matter
	Addition
	         Seed yield  kg ha-1

	
	
	Maize                    Cowpea

	Rice straw
	Surface
	1145
	596

	
	Incorporation
	1390
	690

	Gliricidia
	Surface
	1215
	648

	
	Incorporation
	1485
	815

	Control
	
	885
	480

	LSD (p=0.05)        
	48.51
	10.11


Conclusions 
The field study highlights the importance of organic matter and its method of addition for crop growth and yields in tropical organic farming in the dry seasons. Organic matter stimulated root growth which in turn could enable the crop to enhance water use efficiencies. The use of material with a lower C:N ratio also accrues more benefits than straw, which is commonly used in tropical organic farming.
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