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Abstract Increasing land degradation has prompted

interest in conservation agriculture which includes

growing cover crops. Besides providing soil cover,

decaying cover crops may release substantial amounts

of nutrients. Decomposition, N and P release from

winter cover crops [grazing vetch (Vicia darsycarpa),

forage peas (Pisum sativum) and oats (Avena sativa)]

were assessed for suitability in a cropping system

found in the smallholder irrigation sector of South

Africa. Nitrogen and P contribution to maize growth

by cover crop residues was also estimated. Decrease in

mass of cover crop residues was highest in grazing

vetch (7% remaining mass after 124 days) followed by

forage peas (16%) and lastly oats (40%). Maximum

net mineralized N and P were higher for grazing vetch

(84.8 mg N/kg; 3.6 mg P/kg) than for forage peas

(66.3 mg N/kg; 2.7 mg P/ha) and oats (13.7 mg N/kg;

2.8 mg P/kg). Grazing vetch and forage pea residues

resulted in higher N contribution to maize stover than

oat residues. Farmers may use grazing vetch for

improvement of soil mineral N while oats may result

in enhancement of soil organic matter and reduction

land degradation because of their slow decomposition.

Terminating legume cover crops a month before

planting summer crops synchronizes nutrient release

from winter-grown legume cover crops and uptake by

summer crops.
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Introduction

Land degradation is one of the major challenges to

sustainable agriculture in South Africa (SA). Burning

of crop residues and continuous tillage has led to

excessive soil erosion (Laker 2004; Mills and Fey

2004). Constraints faced by smallholder farmers also

include critically low soil nitrogen and phosphorus

levels, heavy weed infestations, lack of tillage and

irrigation equipment (Mandiringana et al. 2005;

Fanadzo 2007). Programmes promoting conservation

tillage (CT) to address land degradation failed (Fowler

1999) due to lack of soil cover and diversified crop

rotations (Derpsch 2003). Recently, attention has

focused on conservation agriculture (CA) to mitigate

the effects of land degradation on smallholder irriga-

tion farms. Different views on what constitutes CA

exist and it is often thought to be synonymous with

CT. Conservation tillage consists of minimum-tillage

practices and maintenance of at least 30% soil cover

by plant residues (Fowler and Rockstrom 2001; Baker
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et al. 2002). Conservation agriculture combines min-

imal soil disturbance, a permanent soil cover through

use of cover crops with crop rotations (Derpsch 2005).

Hobbs (2007) argued that CT uses some of the

principles of CA, but has more soil disturbance.

For successful uptake of CA technologies by

farmers, applicability in their farming systems must

be demonstrated. Opinions differ on whether CA

benefits can be realized on smallholder farms in Sub-

Saharan Africa (Giller et al. 2009). There are about 317

smallholder irrigation schemes in South Africa,

accommodating up to 250,000 smallholder irrigators

(Bembridge 2000). Water availability at the source for

irrigation is not limiting, with some farmers over

irrigating due to lack of technical knowledge. In earlier

CA studies on farmers’ fields, low biomass production

by cover crops did not result in the expected ecological

benefits such as improved soil nutrient status for the

succeeding maize crop (Derpsch 2003). Growing

inappropriate cover crop species not informed by clear

objectives to be achieved was blamed for the failure of

CA on farmers fields (Derpsch 2003).

A permanent soil cover has been reported to result

in reduced soil erosion, soil water conservation,

reduction of weed densities as well as improved soil

fertility (Derpsch 2003). These other benefits may

appeal more to smallholder farmers than control of

land degradation. Winter cover crops are planted in

autumn, grow through winter under irrigation and are

killed in spring prior to planting summer crops, usually

maize the staple crop in SA. Nitrogen fixing legumes

have been shown to have clear benefits in terms of N

supply (Mafongoya et al. 2000; Sainju et al. 2005;

Daudu et al. 2006). Cereal cover crops, such as oats

and rye grass produce high biomass with large C and N

contents and have potential to improve soil organic

matter and reduce N loss through leaching, wind and

water erosion (Sainju et al. 2005). Organic soil

amendments such as cattle manure, pineapple waste,

tobacco waste, poultry manure, and pig dung have

been shown to improve soil N status in SA (Mkile

2001; Adediran et al. 2003).

Nutrient release from decomposing cover crops

should be synchronised with crop demand (Ibewiro

et al. 2000). The quantification of residue decompo-

sition and nutrient release is thus a pre-requisite for

optimising nutrient-use efficiency by maize. The

fertilizer value of plant residues left on the soil surface

will depend on their ability to decompose and release

nutrients (Adediran et al. 2003). Several studies have

determined that N, lignin (L) and polyphenol (PP)

contents, C/N, L/N, PP/N and (L ? PP)/N ratios are

useful indices of residue quality that control residue

decomposition and N release (Palm 1995; Vanlauwe

et al. 1996; Lupwayi et al. 2000). An analysis of these

quality parameters aids in explaining any differences

in decompositions rates of various organic materials.

The quality of residues is also known to affect soil pH,

depending on the rate of application and the buffering

capacity of the soil (Chintu et al. 2004). Consistent use

of cover crop residues may have implications on soil

pH management.

Carbon dioxide evolution has been used to indicate

microbial activity during decomposition (Mafongoya

et al. 2000; Adediran et al. 2003; Kurzatkowski et al.

2004; Chintu et al. 2004). Macro- and meso-fauna are

responsible for primary decomposition while soil

micro-flora (soil microbes) play a major role in

nutrient cycling by releasing constituent nutrients

found in organic material (Kurzatkowski et al. 2004).

Laboratory incubation studies involve ground organic

material mixed with soil at constant temperature and

soil moisture. This excludes the activities of soil

macro- and meso-fauna. However, the methods are

useful for initial screening of organic materials in

avoiding detailed and expensive field experiments

(Mafongoya et al. 2000) and allowing assessment of

the microbial potential of the soil mixed with different

organic amendments (Kurzatkowski et al. 2004). The

objectives of this study were to (1) assess residue

decomposition, N and P release from selected winter

cover crops and (2) relate mineralization of residue N

and P to uptake by maize.

Materials and methods

Study site

The study was done at the University of Fort Hare

Research Farm (32�460S, 26�500E) which has a warm-

temperate climate, a mean altitude of about

535 m.a.s.l, and mean monthly temperature ranges

from 19 to 23�C during the summer season (October to

April). The 28-year mean annual rainfall is 575 mm,

most of which falls during the summer (Table 1). The

soil is of alluvial parent materials and is dominated by

micas in the clay fraction, with low amounts of quartz
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and kaolinite. The soil has 64.2% sand, 16.0% silt and

19.8% clay; pH 6.1, 0.35 g P/kg, 4.04 g K/kg and

4.25 g Ca/kg (Mandiringana et al. 2005).

Source of material used in the study

The study involved a litterbag experiment under field

conditions and laboratory incubation experiments.

Plant materials were collected from an on-going

experiment at the University of Fort Hare Research

Farm. Winter cover crops, grazing vetch (Vicia

dasycarpa cv. Max), forage peas (Pisum sativum

cv. Maple) and oats (Avena sativa cv. Sederberg),

were planted on the 20th of June 2008; no fertiliser

was applied, however, legumes were inoculated with

Rhizobium leguminosarium just before planting.

Control plots with no cover crops were included.

The three treatments and the controls were arranged

in a randomized complete block design with three

replications. The gross plot was 7.2 m 9 8 m in size.

Supplementary irrigation was applied when necessary

through sprinkler irrigation. After reaching the flow-

ering stage, all cover crops were killed by rolling

them and applying glyphosate (360 g/l) at a rate of

5 l/ha on the 21st October 2008. Maize (cv. PAN

6479) was then planted in all plots without fertilizer

on the 3rd December 2008.

Litterbag experiment

Samples of cover crop biomass were collected by

cutting at ground-level in each plot prior to cover

crop killing, and dried at 65�C to constant weight.

Although oven drying may affect mass loss rates

(Mafongoya et al. 2000) biomass was dried before

putting it in litterbags in order to allow comparison

with other studies. A sub-sample of the plant

materials was ground (\ 1 mm) and analysed for

total C and N content using the LECO C/N analyser

(LECO Corporation 2003), P content as described by

Okalebo et al. (2002) and lignin, cellulose and

polyphenols by the acid detergent fibre method

(Goering and Van Soest 1970).

For every plot, 10 litterbag bags were filled each

with 10 g oven dried biomass material. The litterbags

measured 0.20 m 9 0.20 m and were made from

nylon mesh with 1 mm size pores. The three treat-

ments (type of residue) were superimposed in

their respective plots. Plant materials were chopped

to \5 cm before they were put into litter bags.

Litterbags were placed on the soil surface and plant

residues in the plots were rolled on top of the litterbags

to create a firm contact between the litterbags and the

soil surface to allow maximum influence of meso- and

macro-fauna. Litterbags were placed in the field on the

25th October 2008 at the start of the summer season.

Temperature, rainfall and irrigation regimes during

cover crop decomposition in the field are summarized

in Table 1.

Litterbags were sampled at fortnight intervals. For

each treatment, three litterbags were removed at each

event. Un-decomposed material was carefully sepa-

rated from the litter bags and roots and soil particles

removed. The cleaned samples were put in paper bags

and oven dried at 65�C to constant weight to determine

mass remaining. The effects of soil adhering to plant

materials were discounted by ashing sub-samples of

retrieved plant samples in a muffle furnace at 450�C

for 5 h. The obtained ash weight contains the ash from

the minerals in plant tissue as well as adhering soil. An

extra correction factor was used to account for the

minerals in the tissue. This factor (plant ash content)

Table 1 Mean monthly temperatures, rainfall and irrigation at the UFH Research Farm from November to April in the 2007/08

season, compared to the 28-year average

Temperature (�C) Rainfall (mm) Irrigation (mm)

2007/08 (Min) 2007/08 (Max) 28 year mean C.V. (%) 2007/08 28 year mean C.V. (%) 2007/08

Nov 11.8 26.1 19.2 4.88 38.0 83.4 67.79 –

Dec 15.2 28 21.1 5.10 124.7 72.0 69.78 20

Jan 16.6 27.7 22.2 2.98 104.7 64.0 50.71 –

Feb 17.3 28 22.5 3.64 96.5 66.3 40.59 20

Mar 14.4 27.2 21.0 4.44 65.2 66.1 54.41 30

April 9.7 24.1 18.3 6.29 48 48.2 78.92 –
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was determined using collected plant material free

from adhering soil particles. The formula used to

determine dry mass remaining in litterbags is as

follows:

Remaining mass ðRMÞ
¼ dry weight of sample� ash in sample

þ natural ash content in plant material

ðKurzatkowski et al: 2004Þ:

For the purpose of estimating N and P contribution

to maize growth by decaying cover crops, two maize

plants were sampled destructively per plot by cutting

at their base near the soil surface at 78 days after

sowing (DAS), just after flowering. Maize shoot dry

weights were measured after oven drying to a

constant weight at 65�C. Maize plants were then

ground (\1 mm) and analyzed for total N and P using

methods described Okalebo et al. (2002). Total N and

P uptake by maize was taken as the product N or P

concentration and maize dry weights. Nitrogen and P

contribution to maize growth by the decaying cover

crops was estimated as the difference in N and P

uptake by maize growing on cover crop residues and

maize in the control plots.

Potential N and P mineralization under laboratory

incubation

The soil used for the laboratory incubation studies

was taken from the top 20 cm of the soil at the

University of Fort Hare Farm. It was air dried and

sieved to pass through a 2 mm mesh before it was

used in the incubation experiments. Ground samples

(\1 mm) of the plant materials were thoroughly

mixed with 50 g air dry soil, 0.2 g of grazing vetch,

0.225 g forage peas and 0.35 g oats were mixed

separately with the soil. A control with no plant

material added was included. These treatments mim-

icked biomass yields reported in field trials. The

plant/soil mixtures were placed in 150 ml plastic

bottles; there were 18 bottles for each treatment to

allow weekly measurements for up to 6 weeks. The

four treatments were arranged in a completely

randomised design with three replications.

The plant/soil mixtures were brought to 70% field

capacity and incubated at 27�C. Field capacity of the

soil was determined as described by Okalebo et al.

(2002). Soil water was maintained by periodic

addition of water. Three bottles for each treatment

were removed from the incubator weekly and

analyzed for pH (2.5:1 water to soil suspension),

inorganic nitrogen (NH4-N and NO3-N) as described

by Okalebo et al. (2002) and extractable P by the

Bray-1 method (NASAWC 1990). Net mineralized

nutrients were obtained by the difference between

values of the control and the treated soil.

CO2-C evolution under laboratory incubation

In a separate study, mineralised C from the treatments

described above was estimated using air-tight glass

jars containing CO2 traps. Bottles containing the soil

mixture and the CO2 traps were placed in jars, sealed

and incubated at 27�C. Each treatment was replicated

three times. The CO2 produced by the soil in each jar

was trapped in 15 ml of 0.1 M NaOH and was

removed on days 1, 5, 12, 19, 26, 33, 40, 47 and at

68 days of incubation. At each of the sampling days,

the jars were taken out of the incubator and the traps

removed and sealed (to avoid CO2 contamination).

The jars were left with the lids off for approximately

an hour to replenish oxygen. Traps with fresh NaOH

solution were placed in the jars which were resealed

and placed back into the incubator. Carbon dioxide

released was determined by back-titration with 0.1 M

HCI after addition of excess BaCl2 to the NaOH to

precipitate the carbonates. The net CO2-C evolved

was obtained by calculating the difference in the

values of the control and the biomass treated soil.

Cumulative mineralised CO2-C was calculated as the

sum of all previous measurements.

Data analyses

The percentage of remaining mass in the litter bags (%

RM) was calculated from the remaining mass (RMt) at

each sample period (t) and the initial mass (IM0):

%RM ¼ 100 RMt=IM0

The average annual decomposition rate (k) of leaf

litter was estimated using the single exponential

function (Olson 1963), represented by the equation:

ln RMt=IM0 ¼ �kt

For % RM and soil pH analysis, an additional

factor, time of measurement, was added to type of

residue before subjection to analysis of variance.
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Inorganic N, extractable P and CO2-C measurements

from incubation experiments, N and P contributions

to maize stover by decaying cover crops in the field

were also subjected to analysis of variance using the

Genstat 7.1 statistical package.

Results

Decomposition in litterbags

Decrease in mass of plant material was highest in

grazing vetch followed by forage peas and lastly oats

(Fig. 1). Grazing vetch had the highest k values

followed by forage peas with oats having the lowest

value (Table 2). Percent remaining mass decreased to

50% of the original value in 20, 42 and 95 days for

grazing vetch, forage peas and oats, respectively.

Grazing vetch had the highest N concentration

(Table 3) while C concentration was similar across

the cover crops used in the study. The C/N ratio was

lowest for legume cover crops (B15) whereas oats had

the highest C/N ratio of 46. With respect to other

quality parameters such as lignin/N and (L ? PP)/N,

oats had the highest value compared to the other plant

materials used in this study (Table 3). The largest

proportion of the variation in decomposition rate

constants of the residues was explained by the C/N

ratio (Table 4).

Stover of maize grown on oat residues had

significantly lower (P \ 0.05) N content than that

of maize grown on grazing vetch and forage peas

(Table 5). However, the P content in maize stover

was similar across the different cover crops. Grazing

vetch contributed about 34.4 kg N/ha to maize stover

growth at 78 days after maize sowing, which repre-

sented about 41.3% of the total N uptake by the

maize stover. On the other hand, oats only contrib-

uted about 9.4 kg N/ha, which represented about

15.2% of the total N uptake by maize grown on oat

residues.

N, P and CO2-C mineralization in laboratory

incubation studies

Grazing vetch and forage peas significantly

(P \ 0.01) increased mineral N in the soil compared

to oats (Fig. 2). Increase in extractable P differed

with the type of plant material incubated with the

soil. There was not much increase in extractable P up

to 2 weeks of incubation, after which, grazing vetch

resulted in the greatest increase in extractable P

compared to other cover crops (Fig. 3). With increase
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Fig. 1 Mass loss from winter grown cover crops in litterbags

in the field. Error bars represent the LSD (0.05)

Table 2 Average annual decomposition rate (k) for different

cover crop species, according to the single exponential model

(Olson 1963)

Cover crops Average annual

decomposition rate (k)

Grazing vetch 7.86

Forage peas 5.35

Oats 3.35

LSD (0.05) 0.942

Table 3 Chemical composition and quality descriptors of

plant materials used in the study

Grazing vetch Forage peas Oats

C % 42.8 ± 0.03 42.6 ± 0.03 41.6 ± 0.07

N % 4.0 ± 0.02 2.8 ± 0.05 0.9 ± 0.04

P % 0.4 ± 0.01 0.4 ± 0.3 0.2 ± 0.01

Total polyphenols

(PP) %

0.7 ± 0.07 0.7 ± 0.07 0.3 ± 0.08

Lignin % 3.4 ± 0.10 2.4 ± 0.11 17.4 ± 0.35

Cellulose % 21.4 ± 0.84 23.6 ± 0.63 4.8 ± 0.51

C/N 10.7 ± 0.36 15.1 ± 0.85 46.4 ± 1.32

Lignin:N 0.8 ± 0.08 0.8 ± 0.08 19.3 ± 1.10

PP:N 0.2 ± 0.01 0.3 ± 0.01 0.3 ± 0.05

(L ? PP)/N 1.0 ± 0.52 1.0 ± 0.58 19.6 ± 1.65

Results show means ± standard errors of means (SEM)
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in incubation time, oats followed by forage peas had

the greatest C evolution while grazing vetch had the

least (Fig. 4). Mixing the soil with plant materials

significantly (P \ 0.01) reduced pH by a similar

magnitude across the different types of residues

(Table 6).

Discussion

The rate of decomposition integrates the effects of the

environment (air temperature and precipitation) and

the biochemical composition of the plant materials

Table 4 Coefficients of determination (r2) for linear regressions between some initial residue quality characteristics and rate for dry

matter loss (k)

Quality parameter

PP (%) Lignin (%) C/N Lignin:N PP:N (L ? PP)/N

Cover crops 0.45* 0.52* 0.76** 0.57** 0.43* 0.58**

* Significantly correlated at P \ 0.05

** Significantly correlated at P \ 0.01

Table 5 Effects of cover crop residues on maize stover N and P concentration, the difference in N and P upkake with control plots,

and the N and P contribution by cover crop residues

% N % P N Contribution

(N kg/ha)

P Contribution

(P kg/ha)

% N Contribution % P Contribution

Grazing vetch 0.83 0.28 34.4 6.96 41.3 21.8

Forage peas 0.85 0.31 29.1 6.27 37.5 21.2

Oats 0.56 0.29 9.4 8.63 15.2 22.2

LSD (0.05) 0.18 0.05 7.07 4.05 11.97 9.78
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(Ruffo and Bollero 2003). Mass loss over time was in

the order grazing vetch [ forage pea [ oats and was

related to the C/N ratio, lignin and polyphenol

contents. The fast decay observed immediately after

placing plant materials in the field is consistent with

faster decomposition of the labile constituents of the

plant materials (Ibewiro et al. 2000). The 20% mass

loss in oats after about 20 days contrasts sharply with

data from a study by Hu et al. (1999), where oats

decomposed rapidly resulting in 45.3% mass loss of

residues in litterbags in the first 19 days. Placing plant

materials at the soil surface (this study) as opposed to

incorporating into the soil (Hu et al. 1999) may have

led to differences in the surface area of plant materials

in contact with soil macro- and micro-fauna, resulting

in lower rates of decomposition. Soil temperature and

moisture differences may also explain the differences

between the two studies. Plant materials were not

buried in our study to mimic the practice in conserva-

tion agriculture where plant materials are not incorpo-

rated but left on the soil surface to provide soil cover.

Grazing vetch and forage peas made contributions

of 41.3 and 37.5% of the total N in maize respectively,

at 78 DAS. This agrees with other studies that have

reported increased N uptake by crops growing on

legume residues (Kuo and Jellum 2002; Miguez and

Bollero 2005). Nutrient release from decaying plant

materials must be synchronized with nutrient uptake

by a follow-up crop (Nair 1993). Grazing vetch lost

about 70% of its initial weight in the first 60 days

while forage peas lost about 60% in the same period.

The practice of killing winter-grown cover crops a

month before planting the maize crop may allow

maize to maximize nutrient uptake from decomposing

legume cover crops. At 60 days after cover crop

termination, maize growth would be at about

4–5 weeks, farmers usually top dress at this time.

Oats as a cover crop may not contribute much in

terms of N and P to the succeeding crop, as seen by

the slower decomposition rate and lower N and P

contributions to maize. This has soil fertility man-

agement implications; obviously crops growing on

oat residues would require higher fertilizer amounts

than crops growing on legume cover crops. Fertilizer

response studies may shed more light on appropriate

fertilizer applications on crops growing on cover crop

residues.The persistence of oats may make it partic-

ularly attractive for reducing land degradation

through reducing soil erosion, improving soil organic

matter and other soil quality parameters (Ruffo and

Bollero 2003). Besides reducing land degradation, oat

residues may also offer other benefits such as

smothering of weeds as well as soil moisture

conservation (Berry et al. 1987).

Nitrogen mineralization in laboratory incubation

studies closely reflected field mass loss trends and

chemical composition. Grazing vetch was highly

degraded by soil microbes as indicated by the rapid

release of N. Carbon dioxide evolution reached a

maximum much earlier in grazing vetch and forage

peas compared to oats. This may suggest that soil

microbes were able to complete decomposition of

grazing vetch and forage peas much earlier compared

to oats. A C/N ratio above 25 is known to increase

potential for N immobilisation in the soil (Nair 1993;

Sainju et al. 2005). Oats residues in this study had a

much higher C/N ratio (46), suggesting a high

probability of N Immobilization.

In this study net P mineralization was in the order

grazing vetch [ forage peas = oats with grazing

vetch mineralizing about 3.6 mg P/kg. Whether net

mineralization of P occurs depends on the P content

of the material. Residues with P values \ 0.2% show

little or no net mineralization (Floate 1970). All the

materials used in this study had P contents greater

than 0.2% except for oats (Table 3). Horst et al.

(2001) observed that while herbaceous cover crops

can contribute to increased P availability to crops,

these measures cannot substitute for maintenance P

fertilizer application. In similar studies, Adediran

et al. (2003) reported P mineralization of 13 mg P/kg

for tobacco waste and about 4 mg P/kg for pineapple

waste with P values of 0.22% and 0.12%, respec-

tively. Mafongoya et al. (2000) reported net P

immobilisation when leaves of agroforestry tree

species (Gliricidia sepium, Acacia nilotica), with

total P content of \0.2%, were incubated with soil.

In this study, the incorporated plant residues

tended to reduce soil pH. Changes in soil pH due to

Table 6 Effect of winter cover crop plant materials on soil pH

during laboratory incubation

Incubation time (weeks)

1 2 3 4 5 6

pH 6.11 5.896 5.81 5.673 5.668 5.521

LSD (0.05) 0.1697
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plant residue incorporation depend on the quality of

residues, rate of application of the residues and the

initial soil pH (Wong et al. 1998; Paul et al. 2001; Xu

and Coventry 2003). Soils with pH values greater

than those of the residues generally suffer a decrease

in soil pH after treatment, while plant materials

generally result in an increase in soil pH in acid soils

(pH \ 5). The soil pH at the start of the experiment

was mildly acidic (pH = 6.1) and this may explain

the decrease in soil pH observed in this study. It may

be envisaged that with long-term use of cover crops,

soil acidification may result.

Farmers in low external input production systems,

such as those in South Africa’s smallholder irrigation

schemes, will demand multiple benefits from cover

crops. Reduction of land degradation may not nec-

essarily be their overriding concern. The contribution

of cover crop residues to overall crop productivity is

of particular importance to these farmers. In a

separate study, grazing vetch fixed approximately

111.5 kg N/ha which may translate to about 400 kg

lime ammonium nitrate (28% N) with a current

market value of about US$220.00. The combined

effect of grazing vetch residues on soil N improve-

ment and weed suppression resulted in the highest

benefit to cost ratio of 1.9 when maize was planted

without fertilization (Murungu 2010). This may make

grazing vetch particularly more attractive than oats

since oats require a significant investment in fertil-

izers while grazing vetch require less fertilization for

its growth. However, smallholder irrigation farmers

maybe reluctant to plant any crop that will not yield a

food, feed or cash harvest. One alternative would be

to graze these cover crops, leaving some residue on

the surface and leaving roots in the soil—which

would give a good part of the N benefit after a

legume. Performance of cover crops in integrated

crop/livestock systems may require further study.

Conclusions

Grazing vetch, and to a lesser extent, forage peas

decompose faster increasing soil mineral N and

extractable P compared to oat residues. Grazing vetch

makes a significant N contribution to a succeeding

maize crop. Killing legume cover crops a month

before planting summer crops would synchronize

nutrient release from winter-grown legume cover

crops and uptake by summer cash crops. Smallholder

irrigation farmers may grow grazing vetch to improve

soil mineral N while the slow decomposition rates for

oats are useful in improving soil organic matter and

reducing land degradation.
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