
1 Introduction

Crop productivity in organic farming is achieved by a com-
bination of management strategies, among which the devel-
opment of an efficient and effective nutrient cycle plays an
important role. This is due to the large-scale export of nutri-
ents through produce and stubble, which in conventional
systems is replaced by chemical fertilizers. In contrast, ex
situ or in situ green manures, animal manure, cover crops
or different types of organic matter are used individually or
in combination to replenish exported nutrients in organic
systems (STOCKDALE et al., 2000). In the tropics, where soil

fertility is generally low (HARTEMINK, 2003; ZINGORE et al.,
2003), the decline in crop yields, even in conventional crop-
ping systems due to excess soil mining calls for the inclusion
of organic matter to maintain soil fertility (GACHENGO et
al., 1999; EILITTA et al., 2004). Hence the addition of
organic matter becomes very important in tropical organic
cropping systems, the numbers of which are increasing due
the demand for chemical free products from the temperate
developed regions and due to the ever increasing prices of
fertilizers.

Nutrient replenishment and quality enhancement of
tropical soils could be achieved by the addition of inorgan-
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Zusammenfassung
In einem Feldversuch während einer kurzen Trockenperiode wurde der Einfluss von zwei organischen Materialien
(Gliricidiablätter und Reisstroh), die entweder als Oberflächenmulch aufgebracht oder in die Bewurzelungszone ein-
gearbeitet wurden, auf ausgewählte Bodenmerkmale, das Wachstum, die Nodulation und den Ertrag der Mungboh-
ne (Vigna radiata L, R. Wicz) untersucht. Die möglichen vorteilhaften Effekte auf die Bodenmerkmale und den Ertrag
wurden mit jenen in den nicht behandelten Kontrollen verglichen. Die organische Substanz, speziell von den Glirici-
diablättern, erhöhte die physikalischen Bodenmerkmale und die Pflanzennährstoffe (N.P. und K) zur Zeit der Be-
standsentwicklung und des frühen Wachstums. Die Einarbeitung hatte einen größeren Einfluss, vor allem auf die phy-
sikalischen Bodenmerkmale. Während die Mulchung mit organischen Materialien die Keimfähigkeit erhöhte, hatte
die Einbringung keinen signifikanten Einfluss auf dieses Merkmal. Das Sprosswachstum, die Bewurzelung und die
Nodulation hingegen wurde durch die Einbringung von organischer Substanz begünstigt. Dies war speziell mit den
Gliricidiablättern in einem höheren Ausmaß feststellbar. Das Wurzelwachstum, gemessen an der Dichte der Bewur-
zelung aus den Wurzellängen, wurde durch die Einarbeitung organischer Substanz begünstigt. Im Gegensatz dazu
konnte der Unkrautwuchs durch die Mulchung mit Reisstroh reduziert werden. Die Vorteile der Mulchung waren
offensichtlich in den Samenerträgen und in den Harvest-Indices, wenn auch die Einbringung nicht die gleichen
Größenordnungen zeigten wie sie auf das vegegative Wachstum, die Harvest-Indices und den relativen Erträgen zu
beobachten waren. Die Vorteile der Einbringung von organischer Substanz, speziell mit Materialien mit einem nied-
rigen C:N-Verhältnis, wie es bei den Glirircidiablättern der Fall ist, konnte für organisch wirtschaftende Kleinbauern
in den Tropen demonstriert werden.

Schlagworte: Bodenmerkmale, Wachstum, Nodulation, Ertrag, organische Substanzen.



ic fertilizers, organic matter or both. While short-term ben-
efits could be gained by inorganic fertilizers, harmful effects
could develop in the long term (NOSENGO, 2003). In
organic systems where inorganic fertilizers are not used, the
replenishment of nutrients and soil quality maintenance is
dependant on organic materials, due to beneficial impacts
in terms of soil physical, chemical and biological properties
(RAWLS et al., 2003). 

In tropical smallholder farms, which are intensively culti-
vated, organic matter is primarily added from external
sources with the exception of crop residues. The most com-
mon crop residue in tropical Asian systems has been rice
straw due to its abundance (WHITBREAD et al., 1999; REDDY

et al., 2003). The addition from external sources is general-
ly termed biomass transfer (GRAVES et al., 2004). The exter-
nal sources include loppings of forest trees or vegetation,
agroforesty systems where biomass of species such as Gliri-
cidia sepium, a fast growing tree legume (SANCHEZ, 1999;
RAO and MATHUVA, 2000) or if available, animal manures.
The ability of these organic materials to supply nutrients dif-
fers, as they relate to the rates of decomposition, nutrient
release rates and patterns (KUMAR and GOH, 2002). 

Organic matter alone does not support crop yields, as the
method of application also has a significant effect on its
potential benefits for improving soil quality and crop pro-
ductivity. While mulching with organic matter can control
weeds, which is an important problem in organic farming
systems (BOND and GRUNDY, 2001), incorporation could
help improve soil characteristics to a greater extent (STOCK-
DALE et al., 2000). Incorporation could also help develop

root systems, which are important in maximizing nutrient
and moisture uptake. However the impact of organic mat-
ter applied as a mulch or incorporated on crop growth and
root development has not been clearly identified especially
in field studies on tropical smallholder organic systems,
although experiments in pots show the enhanced root
development of maize in soils to which green manures had
been added (SANGAKKARA et al., 2004). A field study was
therefore conducted over a dry season to ascertain the
impact of either mulching or incorporating two common
tropical organic materials (Gliricidia leaves C: N ratio 18.8)
and rice straw (C: N ratio 45.7) on selected soil properties
and vegetative growth, root development and seed yields of
a very popular tropical Asian grain legume, mung bean
(Vigna radiata), under rainfed conditions.

2 Materials and methods

The project was carried out at the University Experimental
Station (418 m above sea level, 8°N, 81°E) of the Universi-
ty of Peradeniya, Sri Lanka, located in the mid country
Intermediate zone of the island, over the period April–July
2004, to encompass the minor (DRY) season, that corre-
spond to the South West (Late April–August) monsoons.
The soil of the site was an Ultisol (Rhodoult) (PANABOKKE,
1996), with a sandy clay loam texture. The site receives
some 1600 mm of rainfall per annum, with a mean tem-
perature of 31 °C. Approximately 30 % of the annual rain-
fall is received in the minor season corresponding to the
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Summary
A field experiment was conducted over a minor (dry) season to ascertain the impact of two organic materials (Gliri-
cidia leaves and rice straw) applied as a surface mulch or incorporated into the root zone, on selected soil parameters,
growth, nodulation and yields of mung bean (Vigna radiata L. R. Wilcz). The beneficial effects were compared to soils
and the growth of the crop without organic matter. Organic matter, especially Gliricidia leaves, enhanced soil physi-
cal properties and plant nutrients (N, P and K) at the time of crop establishment and early growth. Incorporation had
a greater beneficial impact, especially on physical properties of soil. While the organic materials increased germina-
tion, the method of addition had no significant impact. Growth of shoots, roots and nodulation were enhanced by
incorporation of organic matter, again, the greater benefits were derived with Gliricidia leaves. Root growth measured
in terms of root length densities was stimulated by organic matter incorporation. In contrast, surface application of
the organic matter, especially rice straw, reduced weed growth. The benefits of the organic matter were also evident in
seed yields and harvest indices, although incorporation did not increase seed yields to the same magnitude observed
in vegetative growth or harvest indices and relative crop yields. The benefits of incorporating organic matter, especially
material with low C:N ratios such as Gliricidia leaves in tropical smallholder organic systems are presented.

Key words: Organic matter, incorporation, growth, tropical legumes, soil parameters.



Southwest monsoon, and the evaporation exceeds rainfall
in this season (DEPARTMENT OF AGRICULTURE, 2004).

The site had been planted with an organic maize crop in
the previous major (WET) season (October 2003–Febru-
ary/March, 2004) that corresponded to the Northeast mon-
soon. The plots were left fallow from March until the initi-
ation of the trial.

At the onset of the rains in late April, 2004, 20 plots of 
3 × 2 m dimensions were prepared and divided into 4 re-
plicates, each containing 5 plots. The organic matter (rice
straw or fresh Gliricidia leaves) were added to rando-
mly selected plots in each block at a rate of 600 g.m-2

(6MT. ha-1) and either incorporated manually or left on the
surface as a mulch. One plot per replicate did not receive any
organic matter. Thus the experiment had five treatments
within a randomized block design with four replicates.

Uniform seeds of mung bean (Vigna radiata Var MI 5)
were planted at a spacing of 20 × 10 cm to obtain 300 plants
per plot 14 days after the application of the organic matter,
after obtaining soil samples for analysis.

The crops were managed under rainfed conditions, and
weeded on two occasions after determining weed numbers.
Inorganic fertilizers were not applied.

Germination was recorded in all plots 10 days after plan-
ting within a 1x 1 m quadrat. At 7 day intervals until flow-
ering, three plants per plot were carefully uprooted, roots
washed and dried at 80°C for 48 hours to determine the dry
weights of shoots and roots. These weights were used to cal-
culate Relative Growth Rates as described by HUNT (1982).
At the onset of flowering in mung bean, 4 plants within
each plot were uprooted carefully, roots washed and num-
bers of nodules counted. At the same time, roots in the soil
were determined by using core samples (5 cm diameter and
20 cm length). The soil of each plot was randomly sampled
at 4 places, using a soil sampler at depths of 0–20, 20–40
and 40–60 cm, as described by BÖHM (1979). The soil cores
were individually washed onto a 0.5 mm mesh and roots

collected. The total root lengths were determined using the
grid technique (TENNENT, 1975) and dried at 80 °C before
weighing. The root length density (RLD) and root weight
density (RWD) were calculated as follows:
RLD (cm.cm-3) = Total length in a soil core/Volume of core
RWD (mg.cm-3) = Total dry weight of roots in core/Vol-

ume of core (adapted from Garcia-Barrios 2003)

At harvest, in late July and early August, seed and residue
weights of mung bean were determined after drying at 
80 °C for 48 hours. The Harvest Indices and Relative Crop
Yields (RCY) were calculated using the data.

The soils sampled before planting were analysed for the
following: Physical properties: Bulk Density, Soil moisture
and Texture (SMITH, 2001), Total N (Kjeldhal) P (Olsen,
Spectrophotmetry) and K (NH4OAc extraction and flame
photometry).

The data was subjected to appropriate statistical analysis
as described by GOMEZ and GOMEZ, (1984) using proba-
bility values (P = 0.05) to test significance of observed dif-
ferences and LSD for mean separation.

3 Results and discussion

Application of organic matter reduced bulk densities of soil
(Table 1), which is a vital soil characteristic for successful
root development (KUCHENBUCH and INGRAM, 2004).
There were no significant differences in the bulk densities
of soils to which the two organic materials were added.
However, incorporation reduced soil bulk densities to a
greater extent than surface application. This could be attrib-
uted to the greater distribution of the organic biomass with-
in the soil profile by incorporation, which facilitates the
development of soil pores (KAY and MUNKHOLM, 2004)
and confirms similar reports on rice soils (MANDAL et al.,
2003).

Organic matter enhances mungbean growth and yields in dry seasons
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Table 1: Impact of organic matter and method of addition on selected soil properties at the onset of the planting season
Tabelle 1: Einfluss der organischen Substanz und der Methode der Einbringung auf ausgewählte Bodeneigenschaften zu Beginn der Vegetation

* SE = Std Error of Means (n = 20)
** Surface and Inc represent surface mulching and incorporation respectively.

Rice Straw Gliricidia Leaves Control SE*

Surface Inc Surface Inc**

Bulk density (Mg.m-3) 11.25 11.16 11.27 11.19 11.31 0.04
Soil moisture (%) 18.65 19.44 18.59 19.37 17.99 1.29
Soil N (mg.100g-1 soil) 11.10 11.06 11.16 11.13 11.04 0.03
Soil P (μg.100g-1 soil) 19.17 18.56 19.59 19.32 18.11 0.42 
Soil K (m.eq.100g-1 soil) 10.76 10.84 10.76 10.84 10.75 0.15 

Soil Parameter



Incorporation of organic matter increased soil moisture
contents; again due to better soil pore development. Surface
application of organic matter did not have a similar effect
on soil moisture, although this method could reduce evap-
oration losses (JI and UNDER, 2001). The greater impact of
rice straw on soil moisture retention when compared to 
Gliricidia leaves could be attributed to the slower microbial
breakdown, due to the higher C: N ratio. However, the
organic matter or method of incorporation had no impact
on soil texture, and could be attributed to the short dura-
tion of this study, especially as long term application of
organic matter could have a beneficial impact on soils with
poor textures (DEXTER, 2004).

Organic matter improves nutrient availability (SEITER

and HORWATH, 2004), a phenomenon observed under field
conditions of this study (Table 1). The mean increment in
soil N due to application of rice straw and Gliricidia leaves
was 3 % and 9 % respectively when compared to the soils
that did not receive organic matter. The higher N content
in Gliricidia leaves increased the N contents of soils at the
time of planting mung bean. Incorporation of organic mat-
ter reduced soil N contents marginally when compared to
surface application, and the impact was greater with rice
straw. The utilization of N by microorganisms to decom-
pose the organic matter could be considered the causal fac-
tor, especially with rice straw, which has a higher C: N ratio.
A similar phenomenon was also observed with soil P; mean
values of soil P were enhanced by 8 % and 16 % when rice
straw and Gliricidia were applied. Incorporation of organic
matter reduced soil P contents, especially with rice straw.
However soil K contents were increased by rice straw, which
is generally high in this nutrient (RAJU and REDDY, 2000),
and surface application had a greater beneficial impact.
While the causal phenomenon for this observation needs

elucidation, the results clearly highlight the importance of
organic materials in improving soil quality and fertility.
Incorporation develops greater benefits confirming the
reports (SCHJONNING et al., 2004) under a diverse range of
ecological conditions.

Root length densities (RLD) were stimulated by organic
matter (Table 2), again, the impact being greater with 
Gliricidia. This is attributed to the beneficial impact of
organic matter on the rhizosphere (MANDAL et al., 2003).
However the most important aspect of the data was the dis-
tribution of RLD within the soil profile. In the absence of
organic matter RLD in the soil profile was significantly
lower and declined rapidly with depth (Regression equation
Y = -8.853 Ln (X) + 15.571 r2 = 0.844, where Y = RLD and
X = Depth). Application of organic matter on the surface
stimulated root length expansion in the surface layer of soil,
and the beneficial effect was greater with rice straw. This
could be due to the slower decomposition of straw than Gli-
ricidia, which could retain soil moisture and thus stimulate
root growth in this dry season. 

Incorporation of organic matter increases RLD through
the soil profile. A greater RLD was thus observed in the
40–60 cm layer when organic matter was incorporated.
Rates of decline in RLD with depth, when straw was
applied to the surface or incorporated were Y = -14.294 Ln
(X) + 24.931 r2 = 0.943 and Y = -8.584 Ln (X) + 21.357 r2

= 0.741 respectively. The rates of decline in RLD when Gli-
ricidia was surface applied or incorporated were Y = 
-8.041 Ln (X) + 20.951 r2 = 0.714 and Y = -3.856 Ln (X)
+ 19.019 r2 = 0.658 respectively. This data also highlighted
the better distribution of RLD through the soil profile by
incorporation of organic matter, especially with Gliricidia,
and the phenomenon could be attributed to the improve-
ment of the rhizosphere by the added organic matter, espe-
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Table 2: Root length density (mm.cm-3) of mungbean at flower initiation as influenced by organic matter and its method of addition
Tabelle 2: Dichte der Wurzellängen (mm.cm-3) der Mungbohne zu Beginn der Blüte unter dem Einfluss der organischen Substanz und der Metho-

de ihrer Einbringung

Rice Straw Gliricidia leaves Control Probability

Surface Inc Surface Inc** (P = 0.05)

10–20 cm 25.16 21.54 20.54 19.27 15.65 0.031
20–40 cm 14.40 17.62 16.53 21.94 10.87 0.029
40–60 cm 19.62 12.53 11.42 14.59 17.11 0.021

Total 49.18 51.69 48.49 55.80 33.63 0.043

LSD (P = 0.05) 11.43 12.57 10.96 11.99 13.55

(for comparing different soil depths)

** Surface and Inc represent surface mulching and incorporation respectively.
Probability (P = 0.05) Interaction Organic matter � method of addition = 0.042 Significant

Depth of sampling



cially those with a lower C: N ratio (GRAVES et al., 2004).
Root Weight Densities (RWD) (Table 3) were not stim-

ulated to the same extent as RLD by organic matter or
method of addition. As anticipated, the lack of organic mat-
ter reduced dry matter accumulation in roots, and hence the
lower RWD at all sampling depths. This again confirmed
the benefits of organic matter in promoting overall root
growth, by increasing dry matter accumulation and expan-
sion. Surface application of organic matter had a lower ben-
efit on RWD than incorporation and the use of Gliricidia
leaves increased RWD at all depths. However rates of
decline in RWD were lower than those of RLD. In the plots
which did not receive organic matter, the rate of decline in
RWD was Y = -1.421 Ln (X) + 2.2481 r2 = 0.608. The rates
of decline when rice straw as surface applied or incorporat-
ed were Y = -1.623 Ln (X) + 2.522 r2 = 0.840 and 
Y = -1.593 Ln (X) + 1.982 r2 = 0.611 respectively. With 
Gliricidia, the rates of decline in RWD with depth were 
Y = -0.668 Ln (X) +2.508 r2 = 0.908 when surface applied
and Y = -0.595 Ln (X) + 2.922 r2 = 0.593 when incorpo-
rated. Unlike RLD, these rates illustrated that while organ-

ic matter stimulated RWD, the method of application had
a minimal impact. Hence, organic matter and its method of
addition seem to stimulate root expansion to a greater
extent within the rhizosphere than the accumulation of dry
matter in the root system, as shown by SANGAKKARA et al.
(2004) for maize in pot studies.

Although organic matter increased germination (Table 5),
due to a more conducive environment, the method of appli-
cation had no effect. This also showed that the two organic
materials have no allelopathic effects, and could promote
germination of mungbean in the minor season. Organic
matter increased the RGR of both roots and shoots signifi-
cantly, especially when incorporated. Again the benefits of
using material with low C: N ratios, such as Gliricidia leaves
were clearly observed, and impact was greater in promoting
the RGR of shoots than on roots. This could be attributed
to increases in soil N by the addition of these leaves. Nodu-
lation was also promoted by organic matter as shown by
OLAYINKA et al. (1998) for cowpea, and the benefits of incor-
porating Gliricidia leaves was evident. The decomposition of
rice straw could induce a deficiency in rhizospheric N, thus

Organic matter enhances mungbean growth and yields in dry seasons
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Table 3: Effect of organic matter and its method of placement on root weight density (mg.cm-3) of mungbean at flower initiation 
Tabelle 3: Einfluss der organischen Substanz und der Methode der Einbringung auf die Wurzel-Gewichtsdichte (mg.cm-3) der Mungbohne zu Blüh-

beginn

Rice Straw Gliricidia leaves Control Probability

Surface Inc Surface Inc** (P = 0.05)

10–20 cm 2.41 1.95 2.45 2.81 2.15 0.038
20–40 cm 1.46 1.74 2.38 2.76 1.53 0.024
40–60 cm 0.62 0.97 1.66 2.12 0.52 0.046

LSD (P = 0.05) 0.21 0.17 0.40 0.33 0.09

** Surface and Inc represent surface mulching and incorporation respectively.
Probability (P = 0.05) Interaction Organic matter � method of addition = 0.039 Significant

Table 4: Vegetative growth of mungbean as affected by organic matter ad its method of addition
Tabelle 4: Einfluss der organischen Substanz und der Methode der Einbringung auf das vegetative Wachstum der Mungbohne

** Surface and Inc represent surface mulching and incorporation respectively.
Probability (P = 0.05) Interaction Organic matter � method of addition = 0.017 Significant
# RGR = Relative growth rate

Rice Straw Gliricidia leaves Control Probability

Surface Inc Surface Inc**

Germination (%) 84 81 80 83 75 0.043

RGR# (mg.g-1.d-1) (Shoot) 21.4 24.3 28.6 30.4 19.8 0.028
(Root) 18.6 20.1 24.0 26.7 21.4 0.044

Shoot water potential 
(MPa) at flowering -5.56 -4.71 -5.28 -4.18 -6.01 0.046

Nodules at anthesis
(Number.plant-1) 36 48 54 68 27 0.019

Weeds (plants.m-2) 85 154 128 181 149

Depth of sampling

Parameter



causing a possible N hunger for the developing nodules. In
contrast the enrichment of rhizospheric N by Gliricidia
leaves could stimulate nodule development. 

Weeds are a significant problem in organic systems
(BOND and GRUNDY, 2001), and surface application of
organic matter reduced weed populations significantly
(Table 4). In contrast to the benefits accrued to plant
growth and nodulation by Gliricidia, the application of rice
straw on the surface reduced weed populations by 25 %
when compared to weed numbers in the straw incorporat-
ed plots. The beneficial impact of surface application of Gli-
ricidia leaves in terms of weed numbers when compared to
incorporation was 17 %. The slower decomposition of rice
straw could be considered the causal factor for this phe-
nomenon as it acts as a barrier for the germinating weeds.

Organic matter increased seed yield, Harvest indices and
Relative Crop Yields (RCY) (Table 5). The beneficial
impact of Gliricidia was greater than that of rice straw,
where the increment in yields over the plots without organ-
ic matter was 20 % and 15 % respectively. Incorporation of
rice straw and Gliricidia leaves increased yields by only 7 %
and 9 % respectively when compared to plots where the
organic matter was applied on the surface. This suggested
that the benefits of incorporation on seed yields were not as
evident as in other measured growth parameters. This could
be due to the greater yields obtained with the application of
Gliricidia leaves, which could mask the benefits of incor-
poration. In contrast, harvest indices and RCY were signif-
icantly raised by incorporation, thus warranting the incor-
poration of organic matter into the rhizosphere to develop
a more conducive environment for growth, nodulation and
yield of field grown mung bean in a dry season, when the
crop could easily be subjected to moisture stress. Thus
smallholder farmers in the tropics could derive greater ben-
efits of incorporation of applied organic matter in the form
of crop residues or green manures. Extension and demon-

stration programs needs to provide encouragement to uti-
lize material with lower C: N ratios as added organic mat-
ter to derive the maximum benefits.
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