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4.1 Introduction
The uncertainty of the favorable climate for continuous 
farming in many regions of the world limits food produc-
tion for catering to the needs of the increasing population 
and changing food consumption patterns. Arid and semiarid 
regions of the world are considered dryland farming regions. 
The unreliable and highly variable rainfall pattern, drought, 
unproductive lands, high evapotranspiration (20–25% of the 
total water use) and salt deposition in the soil are the main 
challenges in these regions. They found different ways to 
sustain their production sustainably. Of these, fallow crop-
ping is a primary one and has been employed successfully 
to alleviate the challenges caused by unfavorable climate 
for farming. The traditional fallow system (weed fallow or 
bare fallow) is the oldest technique wherein the land is left 
uncultivated for a certain period to restore the soil nutrient 
status and soil moisture. However, during this period land is 
unproductive thus not profitable for the farmers and it takes 
a longer time for the restoration. This practice was suitable 
for the earlier era where there was not much pressure on the 
agriculture sector for food production. Later this practice 
was replaced by an improved fallow system. In improved 
fallow, selected crops based on their beneficial character-
istics were grown and managed during the fallow period. 
This approach not only provides additional income but also 
restore the land faster than the bare fallow. The crops spe-
cies employed in the fallow system decides the degree of 
success and therefore, legume crops are highly favored for 
this purpose as they provide various benefits.

Adaptation of legume crops has been practiced for a long 
time in the fallow cropping system with great success. It is 
well suited for a fallow system due to the following reasons; 
biological nitrogen fixation, moderate drought tolerance, 
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less water demanding, a wider range of annual and peren-
nial crops, requiring less maintenance, suppressing weeds, 
improve the soil properties, and controlling soil erosion 
(Sheoran et al., 2021). More than three decades of extensive 
studies have confirmed that utilizing legume crops improve 
soil properties (Becker and Johnson, 1999). Synthetic fer-
tilizer yield responses are fast but not sustained for long. 
Excessive application of these fertilizers degrades the chem-
ical and biological composition of the soil. Biologically fix-
ing nitrogen (N) is generally a safer alternative for synthetic 
N fertilizer. Legume fallow improves the N and soil organic 
matter (SOM) more sustainably. Legume-based fallow sys-
tem is ideal for smallholder farming and nutrient-depleted 
soils due to continuous cultivation. For this reason, legume 
fallow became very popular in many countries.

In this context, this chapter analyzed recent studies 
and provided the global view of the legume fallow system 
adopted in different agricultural systems and discusses the 
potential advantages and disadvantages of adopting this sys-
tem. The advantages are discussed under the following top-
ics; moisture retention in soil, adding N and carbon to the 
soil, increasing pulse production, improving weed control, 
improvement in soil physical properties, and erosion con-
trol. The potential N losses to the environment, diminish-
ing soil carbon, soil phosphorous depletion and high-water 
demand in summer are the identified constraints with the 
adaptation of legume fallow. Further, this chapter highlights 
the identified research gaps and the key improvement areas 
in this domain.

4.2 Global fallow period—an overview
The global distribution of legume fallow regions is shown 
in Fig. 4.1. This is an attempt to map the countries and 
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Africa including Guinea savannah of West Africa (Franke 
et al., 2008) and sub-Saharan Africa (Sileshi et al., 2008). 
Legumes are being used as green manure, food, forage, and 
dual-purpose crops (Franke et al., 2008).

4.2.1.2 Rice–legume fallow
Upland rice (Oryza spp.) cultivation has become popular in 
African countries and rice serves as a major source of calories 
for all social status people (Oikeh et al., 2008). Rice–legume 
fallow cropping is recommended to reduce fertilizer needs 
and to increase production. The following legume species 
are used for this purpose; dual-purpose soybean (Glycine 
max) (Oikeh et al., 2008), velvet bean (Mucuna pruriens), 
jack bean (Canavalia ensiformis) (Becker and Johnson, 
1998), pigeon pea (Cajanus cajan), and wild groundnut 
(Calopogonium mucunoides) (Akanvou et al., 2000).

4.2.1.3 Sugarcane–legume fallow
Continuous monoculture of sugarcane (Saccharum officina-
rum) leads to yield loss and soil fertility depletion (Hartemink 
and Wood, 1998). The traditional bare fallow for 90 days 
was found to be uneconomical and therefore, legume fallow 
was considered as a partial source of income (Shoko et al., 
2007). Limited research studies were conducted on the 
sugarcane–legume fallow system. Accordingly, vegetable 
legumes have increased the cane yield compared to grain 
legumes in Zimbabwe (Shoko et al., 2009).

4.2.2 Australia

Queensland covers 95% of the sugar production in Australia 
and only 5% is contributed by New South Wales. One of the 
critical issues faced by this sugarcane industry was yield 
reduction and dwindling of soil health status. Legume crops 
are grown in between continuous sugarcane monoculture 
(CSM) to increase the soil N level (Shoko and Tawira, 2007) 
and to suppress weeds (Hurney et al., 2008). A 14-year sys-
tematic research program aimed to find sustainable ways to 

regions which are currently practicing legume fallow, and it 
is prepared using the publicly available literature. Hence, the 
majority of the regions adopting the legume fallow are pre-
sented in this map, nevertheless, the countries with a smaller 
extent of the legume fallow may not be included due to the 
lack of information. Accordingly, the legume fallow is highly 
practiced in the regions of Africa, Asia, and North America. 
Among these, African countries heavily depend on legume 
fallow for biologically fixed N compared to any other region 
in the world. In addition, there can be temporal changes in 
the extent of the legume fallow in these regions. For exam-
ple, there was a substantial increase in the adoption of sum-
mer fallow during the 1930s in response to the Dust Bowl in 
the United States and the extent of summer fallow peaked at 
more than 16 M ha in 1969. However, the extent of summer 
fallow began to decrease thereafter and had declined to 6 M 
ha by 2014 (Stewart, 2017), with the adoption of cover crops 
and legumes. Therefore, the accurate extent of legume-based 
summer fallow for each region is not currently available.

4.2.1 African countries

The high pressure for food production in Africa due to pop-
ulation increase has decreased the fallow period and farm-
lands were cultivated continuously over 2 years (Sileshi 
et  al., 2008). This continuous and intensive cropping has 
rapidly decreased soil fertility and eventually crop yield 
(Hauser et al., 2006). The high fertilizer price and less avail-
ability in African countries push the farmers toward a more 
sustainable legume fallow system. Therefore, the legume 
fallow system has been practiced for decades to rejuvenate 
the soil nutrient status.

4.2.1.1 Maize–legume fallow
Maize (Zea mays) is one of the important cereals in sub-
Saharan Africa and is consumed by 1.2 billion people as a 
staple food (Mulungu and Ng’ombe, 2019). Maize–legume 
fallow has been adopted in many regions and countries in 

FIG. 4.1 The global distribution of legume fallow regions (red shaded area). This map is prepared based on the publicly available literature.
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a two-course rotational system with legume crops (Cayci 
et  al., 2009). The legume fallow implication has started 
after 1981 in Turkey (Guler, 1990). In Syria, legume fallow 
with wheat and lentils were introduced. However, it was 
limited only to a few areas due to diseases and pest attacks 
(Mawlawi and Tawil, 1990). Later long-term studies have 
shown the potential of legume fallows as the best alterna-
tives to wheat fallow or wheat continuous cropping system 
(Christiansen et al., 2015). Barley (Hordeum vulgare)–vetch 
(Vicia sativa) fallow is practiced in Cyprus (Papastylianou, 
1990). Sugarcane–Egyptian clover (Trifolium alexandri-
num) fallow rotation (Ouda and Zohry, 2015) and cotton 
(Gossypium arboreum)–legume (Musa and Burhan, 1974) 
have been practiced in many parts of Egypt. Many forage 
and food legumes are adopted in the cereal fallow system. 
Of that, the pea–wheat fallow system offered a high yield in 
Greece (Podimatas, 1990).

4.2.6 North America

The legume fallow is a universal practice in the Great Plains 
of the USA. Grass–legume (Hurisso et  al., 2013), wheat–
legume (Nielsen and Vigil, 2005), maize–legume (Rusch 
et  al., 2020), sorghum (Sorghum bicolor)–legume (Neely 
et  al., 2018), and cotton–legume (Causarano et  al., 2006) 
are the main fallow systems in this region. Northern Great 
Plains (semiarid region) in Canada uses chickpea (Cicer ari-
etinum) or lentils in wheat-legume fallow in a 3-year rota-
tion (Cochran et al., 2006). Further, maize is also grown with 
alfalfa in Canada (Gregorich et al., 2001; Singh et al., 2021).

4.2.7 Latin America

Legume fallow has been a part of cropping systems in many 
countries of Latin America including Brazil, Argentina, 
Chile, Bolivia, Mexico, and Paraguay (Kass and Somarriba, 
1999). The following species were used in the fallow sys-
tem; Mucuna spp., Lathyrus nigrivalis, Canavalia spp., and 
Senna guatemalensis (Kass and Somarriba, 1999).

4.3 Benefits of legumes as summer 
fallow crop

4.3.1 Soil moisture conservation

In arid and semiarid regions of the world, soil moisture con-
servation has to be followed throughout the year as these 
regions are characterized by highly temporally and spa-
tially variable rainfall accompanied by a high rate of evapo-
transpiration (Chesson et al., 2004). Low soil moisture in 
these regions is the critical limiting factor for crop produc-
tion (Wang et al., 2008). The deep and sparse groundwater 
resources make it impossible or difficult for irrigated farm-
ing and therefore, dryland farming is only possible in these 

overcome the yield reduction in CSM has recommended the 
inclusion of break with legume fallow (Hurney et al., 2008; 
Yadav et al., 2021). Although conventional fallow has been 
in practice traditionally, improved legume fallow became 
common from 1970 (Garside and Bell, 2001; Hurney et al., 
2008). Two types of legume fallow are generally practiced in 
Australian sugar cultivation namely green manure and grain 
legume fallow. Australian pea (Lablab purpureus), cowpeas 
(Vigna unguiculata), soybeans, and peanuts (Arachis hypo-
gaea) are common legumes employed in the sugarcane–
legume fallow system and the species selection depends on 
location and management strategy (Hurney et al., 2008).

4.2.3 China

4.2.3.1 Maize–legume fallow–wheat
The gradual decline of nutrient status in the Loess Plateau 
in China (semiarid region) forces the wheat (Triticum 
aestivum) cultivation to move from synthetic N fertil-
izer source to legume fallow system. The 3-year cycle of 
maize–soybean–wheat rotation contributes to more than 
half of China’s food production (Qiao et  al., 2014; Zeng 
et al., 2016). Alfalfa (Medicago sativa) is another dominant 
legume fallow crop in this region (Zeng et al., 2016).

4.2.3.2 Wheat–legume fallow–wheat
Wheat–soybean or wheat–peanut 2-year rotation has been 
in practice in the Northern China Plain and Loess Plateau 
(Zeng et al., 2016). These short season legumes have been 
introduced as an erosion control method and to improve 
crop yields (Jin et al., 2008).

4.2.4 South Asia

Rice–legume fallow is a popular and widely adopted sys-
tem in many parts of South Asian countries including India, 
Sri Lanka, Bangladesh, Pakistan, Nepal, and Bhutan. The 
rice cultivation is restricted only to the rainy seasons/mon-
soon seasons in many parts of these countries as the water 
requirement is inadequate to grow paddy during the dry 
season. Therefore, mainly grain legumes are grown dur-
ing the fallow period such as mung bean (Vigna radiata), 
black gram (Vigna mungo), cowpea, groundnut, and lentils 
(Lens culinaris). It has been estimated that around 22.3 M 
ha land area is suitable for rice fallow system in the South 
Asia region, with 88.3% in India, 0.5% in Pakistan, 1.1% in 
Sri Lanka, 8.7% in Bangladesh, 1.4% in Nepal, and 0.02% 
in Bhutan (Gumma et al., 2016).

4.2.5 Mediterranean region

Barley and wheat legume fallow is practiced in Spanish 
Central Plateau (Dıíaz-Ambrona and Mıínguez, 2001). In 
semiarid regions of Turkey, wheat cultivation practiced in 
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compared to the legume fallow cropping (Pala et al., 2007). 
A substantial portion of the rainfall is lost before the next 
cropping season even though best management practices 
are adopted. Therefore, it is preferred to substitute a crop in 
fallow to increase the WUE (Pala et al., 2007).

Several studies have suggested crop residue manage-
ment is important in fallow cropping to reduce runoff and 
control evaporation. High intense rainfall in these regions 
minimizes the chance of water infiltration into the soil as a 
large amount of water losses through runoff. Mulching can 
act as a resistance for the free-flowing water over the surface 
and provide enough time for infiltration. Williams (2004) 
showed that runoff decreased, and infiltration increased 
when crop residue was incorporated into the soil than burn-
ing it off. Crop residue mulching of Pueraria (Pueraria 
phaseoloides) legume crop was found to reduce the runoff 
and soil erosion in Nigeria (Tian et al., 2001). In addition to 
runoff control, mulching application changes the soil ther-
mal regime and soil temperature was lower under mulch-
ing when compared to the bare soil (Sarkar et  al., 2007). 
The mulching layer serves as a barrier and prevents a direct 
exposure to thermal rays. Hence, the mulching application 
can tail off the evaporation from the soil and preserve the 
soil moisture in the root zone. Zhang et al. (2009) reported 
that wheat straw residue mulching of the previous season 
had little effect on water storage in a study conducted in 
China. Meanwhile, the legume mulch reduced evaporation 
and improved the soil moisture level compared to the initial 
condition (Aruna Olasekan, 2018).

Weed controlling methods impact the available soil 
moisture for the subsequent crop in fallow. Weed control 
using tillage opens the soil which makes the soil more 
vulnerable to evaporation losses and erosion (Nielsen and 
Vigil, 2005). Reduced tillage during the fallow cropping 
improved the water storage and allow for a successful sub-
sequent main cropping (Saseendran et al., 2009; Holman 
et al., 2018). A study in a semiarid Mediterranean climate 

regions (Zhang et al., 2009; Kumar et al., 2021a). Hence, 
fallow has become a common practice in many arid and 
semiarid regions of the world to conserve soil moisture for 
the subsequent crop and to sustain crop yields (Nielsen and 
Calderón, 2011).

In this context, there are four possible alternative culti-
vation and management practices for the fallow period;

1. Continuous main cropping
2. Main cropping with a fallow period
3. Fallow with dead mulching
4. Fallow with fallow crop (live mulch)

The selection of the aforementioned practices depends 
on the soil moisture level. The continuous main crop-
ping can deplete the soil moisture rapidly as these crops 
demand high water. The continuation of this practice can 
result in insufficient soil moisture for subsequent seasons. 
Therefore, a fallow period is desired to retain the moisture 
in the soil. The fallow period without a soil cover is highly 
risky as it directly exposes the soil to thermal radiation 
and result in high evaporation. Owing to that, fallow with 
mulching is encouraged which act as a cover on the soil 
surface. However, many farmers consider leaving the land 
without production is uneconomical. In such a case, they 
go for a fallow crop which acts as a cover for the soil to 
retain the moisture and at the same time give substantial 
benefits to farmers. The factors involved in the success of 
soil moisture conservation as affected by a fallow crop are 
shown in Fig. 4.2.

The fallow system without crops has not been utilizing 
the water efficiently in many parts of the dry land farming 
regions. For instance, water serving in barely fallow was not 
significant compared to continuous cropping in a 12-year 
experiment conducted in Cyprus (Orphanos and Metochis, 
1994) while only 40% of water use efficiency (WUE) was 
reported for a wheat fallow sequence in the USA (Peterson 
et  al., 1996) and wheat fallow showed lowest WUE 
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the erratic rainfall. Therefore, a crop used in the rotational 
cropping system should have better WUE and lower water 
demand compared to the main crop (Pala et  al., 2007). 
Increasing canopy size of the fallow decreases the evapo-
ration from the soil surface by providing more cover to 
soil (Raz-Yaseef et al., 2010), resulting in high soil mois-
ture availability for the subsequent main crop. Meantime, 
the higher the biomass of the fallow crop larger would be 
the transpiration losses. Therefore, the net effect of tran-
spiration and evaporation decide the fate of soil moisture 
level.

Legumes are low water demanding crops that enable 
their use in dryland farming. They can thrive under moder-
ate water stress conditions. Water use efficiency and pattern 
of water use are key indicators of a crop to utilize in dryland 
farming. The amount and pattern of water drawing from 
the soil vary markedly among different species (Table 4.1). 
Usually, legumes have high WUE in terms of dry matter and 
grain yield production. Therefore, they are useful both as a 
cash and forage crop. Since legumes have substantial can-
opy size and density, they cover the soil and control evapo-
ration. Meanwhile, shattered leaves provide a thin layer of 
dead mulch at the maturity stage (Kumar et al., 2018).

Legumes play a vital role in dryland farming mainly fix-
ing N to the soil. Along with that, it brings the other benefits 
of a rotational crop such as breaking the pest and disease, 
controlling the weed, etc. (Díaz-Ambrona and Mínguez, 
2001; Pala et al., 2007). Long-term studies conducted in dif-
ferent parts of the world have confirmed that legume fallow 
increases soil moisture retention compared to continuous 
cropping (Jones and Singh, 2000; Pala et al., 2007; Zhang 
et al., 2009; Meena et al., 2020, 2021).

Pala et al. (2007) investigated the long-term (12 years) 
WUE of different legume crops such as lentil, chickpea, 
and vetch. They found that lentil and vetch have consumed 
lower soil water compared to other legume crops and pro-
vided a substantial increment of wheat yield. Whereas 
chickpea was found to be consuming a high amount of soil 
water which was comparable with the wheat fallow sys-
tem. Hence, this long-term study suggested that the wheat/

reported that tillage methods impact the soil moisture level 
(Aboudrare et  al., 2006). Further, the same study found 
that the greatest soil storage was observed in no-till and 
minimum tillage operation. Moreover, they found that in a 
wet fallow year, moldboard, and chisel ploughing showed 
the highest water storage which could be attributed to the 
openings made by ploughing, acting as the passage for 
infiltration. Essentially, the rainfall amount decides the 
fate of soil moisture in tillage operation. Higher rainfall in 
the fallow period favors the infiltration whereas dry fallow 
year increases evaporation. Allowing weeds to grow dur-
ing the fallow period deplete soil moisture through evapo-
transpiration (Amor, 1991), thus controlling the weed 
becomes decisive. Instead of tillage-based weed control, 
no-till coupled with chemical control methods can be 
adopted since they can reduce soil erosion and increase 
soil moisture retention (Nielsen and Vigil, 2005; Eeswaran 
et al., 2021).

The selection of a fallow crop depends mainly on soil 
moisture level and fallow crop characteristics. The selec-
tion of crops varies between regions based on the rainfall 
amount and pattern of the study region. For instance, the 
lentil fallow crop has provided higher wheat grain yield 
in Ankara, Turkey whereas wheat after fallow gave a high 
yield in Eskisehir, Turkey. This is probably due to the rain-
fall amount, where Eskisehir receives higher rainfall than 
Ankara (Cayci et al., 2009).

The preferred crop for the fallow period needs to have 
the following characteristics.

1. Low water requirement and not depleting soil moisture
2. Low maintenance
3. Compete with weed and low weeding requirement
4. Short season crops with multiple uses
5. Ability to increase soil N and soil carbon
6. High market price
7. Different species to the main crop (to break the pest/

disease cycle)

One of the main driving forces of adopting fallow 
crops is to conserve the soil moisture as a mitigation for 

TABLE 4.1 The common fallow legumes and their water requirement.

Legume crop
Water requirement 
(cm) References

WUE for seed yield 
(kg/ha/mm) References

Chickpea 12–21 Kumar et al. (2018) 3.2 Zhang et al. (2000)

Lentil 10–12 Kumar et al. (2018) 3.8 Zhang et al. (2000)

Sesbania NA 4.3 Phiri et al. (2003)

Vetch 20–25 Dogan (2019) 6–14.5 Dogan (2019)

Green gram 24 Konar and Dey (2015) NA

NA, not available.
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Sometimes planting fallow crops can disturb the ground 
cover of previous main crop residue and cause soil moisture 
depletion (Holman et al., 2018). Therefore, the selection of 
minimum disturbing planting methods such as drill seed-
ing is suitable. Physical properties of the soil play a major 
role in fallow WUE (Cayci et al., 2009). The soil with low 
water holding capacity and the infiltration rate was found 
to be less effective in WUE during the fallow period (Avci, 
1999).

4.3.2 Nitrogen enrichment in the legume 
fallow cropping system

Nitrogen is the most required nutrient for plants, and it 
is applied in organic and inorganic forms in agriculture. 
Urea is a widely applied synthetic N fertilizer worldwide. 
Although synthetic N increased the yield substantially, 
associated losses through leaching and gaseous forms are 
the downsides. Along with that, the fertilizer cost has been 
increasing and account for a significant portion of the total 
production cost. It is, therefore, adopting legume crops in 
the cropping system is an effective way to cut down the pro-
duction cost by reducing, if not eliminating the use of inor-
ganic fertilizers. For example, in many parts of sub-Saharan 
Africa, soil fertility has depleted as a result of continuous 
cultivation without external inputs. Therefore, farmers have 
been adapting fast-growing herbaceous legume species as 
a fallow crop to alleviate the fertilizer requirement (Ndufa 
et  al., 2009). The main competitive advantage of legumi-
nous crops as a cover crop over other species is N fixation.

The leguminous crops make a symbiotic relationship 
with soil bacteria generally known as rhizobia. This rela-
tionship has the ability to fix atmospheric N in the soil. 
Rhizobia can infect and form nodules with most of the 
species belonging to the Leguminosae family and produce 
ammonia which can be utilized by the plants. There are 
multiple factors involved in the success of N-fixation; avail-
able soil N, demand of the plant, root biomass, soil water 
content, temperature, root zone pH, plant nutrient status, 
nodule growth, nitrogenase activity, and soil carbon level 
(Liu et al., 2011). The legume fallow under optimum grow-
ing conditions is equally productive as cropping under N 
fertilization. The N-fixing ability varies with species and is 
summarized in Table 4.2.

4.3.2.1 Soil nitrogen level
Many studies have documented that legume fallow increased 
soil N content compared to bare fallow or fallow with non-
leguminous crops. Legumes cover crops decreased the N 
fertilizer requirement in different cropping systems; in wheat–
legume fallow by 49–61% (Plaza-Bonilla et al., 2017), grain 
and green manure legume fallow in cotton cropping system 
by 89% and 127%, respectively (Rochester et al., 2001) and 
by 36–48% in maize–legume fallow (Yusuf et al., 2009).

legume cropping system is a compelling one in all aspects. 
Of that, wheat/lentil or wheat/vetch was the suitable fallow 
crop for the Mediterranean region.

In contrast to this, chickpea showed high WUE in 
wheat–chickpea rotation compared to other legume–wheat 
rotation (Karaca et  al., 1991) and wheat–wheat rotation 
systems (Dalal et al., 1998). In another study conducted in 
Zambia, Sesbania (Sesbania sesban) was grown as follow 
crop in sesbania–maize crop rotation. This study showed 
that the sesbania follow has increased WUE by 2.6 kg/mm/
ha compared to continuous maize cropping without fertil-
izer (Phiri et al., 2003). Another long-term experiment con-
ducted in the semiarid region of Turkey for assessing the 
different rotational strategies in conserving soil moisture 
and WUE reported that the highest WUE was attained in 
spring lentil (9.4 kg/ha/mm) followed by chickpea (8.6 kg/
ha/mm) (Cayci et al., 2009).

Termination of the fallow crop impacts the moisture 
availability of soil. A study was conducted to determine the 
suitable termination period of the fallow crop to sustain soil 
moisture and to obtain high wheat (maincrop) yield (Nielsen 
and Vigil, 2005). This study found that the early and late ter-
mination of legume reduced the soil moisture by 55 and 104 
mm, respectively. Similar findings were reported elsewhere 
which are supporting the early termination of cover crops 
for better soil moisture conservation (Schlegel and Havlin, 
1997; Singer et al., 2008; Krueger et al., 2011). Short sea-
son crops are preferred as they develop less biomass and 
utilize a low amount of soil water (Holman et  al., 2018). 
Thus, this leaves enough moisture for the main crop in the 
subsequent season.

Legume fallow crops are being used as live mulch and 
green manure and as forage for livestock. When cover 
crops are harvested as cash crops, the loss of yield in sub-
sequent cropping can be balanced by the income from that 
cash crop. Whereas the cover crop is used as live mulch 
or manure for the subsequent crop, the yield has to be 
increased substantially to cover the cost incurred for the 
fallow cropping. Harvesting the fallow crop has been 
reported to reduce the yield of subsequent crops although 
the cost of cultivation is offset (Saseendran et  al., 2013; 
Holman et al., 2018). Nevertheless, the termination method 
greatly impacts the soil moisture level where cover crops 
have sustained the soil moisture compared to forage crops 
(Holman et  al., 2018). It is attributed to the control of 
evapotranspiration under cover crops. Few studies are sup-
porting that, growing legumes as forage crops are a better 
option than a cover crop (Lyon et al., 2007; Holman et al., 
2018) as it is more profitable. The net return has increased 
by 26–240% for the forage crop and is recommended as 
profitable for adopting in dryland farming (Holman et al., 
2018). However, it degrades the original purpose of the fal-
low crop, which serves as a moisture conservation tool and 
enhances crop productivity.
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lower than the recommended fertilizer application level. 
Nevertheless, the average yield increment was only 10% 
under the recommended fertilizer dosage when compared 
with the legume-fallow cropping system. This reduction 
was significant and detrimental for a legume fallow system 
with N-loading below 110 kg N/ha (Tonitto et al., 2006).

4.3.2.2 Nitrogen sparing in soil
Although several studies have provided evidence to sup-
port fallow legume cropping has increased soil N level and 
yield or N content of products from the subsequent crop, 
few studies detailed that legume crops do not provide a 
positive contribution to the soil N level. For example, cow-
pea, soybean, groundnut, and mung bean showed a negative 
soil N balance, ranging from −3 to −20 kg N/ha when the 
harvest was removed from the field (Toomsan et al., 2000; 
Phoomthaisong et al., 2003; Yusuf et al., 2009).

All these studies support the argument that harvest-
ing grain or forage removes a substantial portion of the 
N which was either derived from the N-fixation or soil. 
Therefore, it is considered that legume fallow does not 
always influence the soil N positively. However, among 
the studies that showed negative N-balance, many studies 
only consider the above-ground biomass in the calculation 
and overlooked the below-ground root component (Danga 
et al., 2009). Some of these studies were conducted under 
low fertile lands where other factors may have limited the 
N fixation and resulted in a negative N-balance. The dif-
ficulties in recovering the whole below ground part also 
can lead to negative balances (Phoomthaisong et al., 2003). 
Interestingly a study showed yield and grain N content of 
the subsequent crop has increased significantly despite 
soil N balance of fallow-legume being in negative stage 
(Phoomthaisong et al., 2003). This underpins the weakness 
in calculating the N-balance and therefore, soil available N 
for subsequent cropping cannot be taken as a single factor 
of yield prediction.

The N-fixing ability and net return of N to the soil are 
greatly varying between species and management prac-
tices. The legumes under severe stress usually fix no N to 
the soil, whereas N-fixing can be increased up to 98% for 
a legume under ideal growing conditions (Smithson and 
Giller, 2002). When fallow legumes are used as a cash 
crop (i.e., grain and fodder are harvested), a greater pro-
portion of N take-off the field, thus N addition to soil is 
minimum (Fig. 4.3). A study shows when fallow legume 
is used as green manure, N added to the soil can be 300 kg 
N/ha, whereas 60–75% reduction was observed in legume 
fallow cash crop (Park et  al., 2010). A legume crop that 
produces higher biomass and has a lower harvest index 
has more chances to positively influence soil N even the 
yield is harvested. The contribution of legume fallow for 
the soil N depends on the technique used for measurement, 
management practices, soil properties, mineralization rate, 

A study with various indigenous legume species in maize 
fallow cropping system increased fixed N level in soil com-
pared to the bare fallow system and it was ranged from 125 to 
205 kg/ha (Nezomba et al., 2010). Authors have also reported 
that the addition of phosphorus (P) fertilizer has increased the 
N-fixation of these species. Phosphorus is a limiting factor 
of N fixation, and it was recommended for applying P for a 
field that has low soil P due to continuous cropping. Other 
studies also insist to maintain a sufficient level of P in legume 
fallow (Sanginga, 2003; Mills et al., 2004). The legume spe-
cies have high mycorrhizal infection and association require 
only a low amount of external P. Under low P levels, different 
species show different N-fixing abilities (Sanginga, 2003).

The on-field study conducted for 3 years in Spain with 
15N labeled fertilizer has provided the evidence that vetch 
fixed around 32–67% of N in fallow and it consumes a 
significantly lower amount of fertilizer N (Gabriel and 
Quemada, 2011). This low N consumption by vetch is 
attributed to N fixation. Further, authors have reported vetch 
fallow increased the N uptake by the subsequent maize 
crop. They also reported in the last 2 years maize utilized N 
fixed by legume fallow which decreased the consumption of 
fertilizer-N. Therefore, the authors recommended reducing 
the fertilizer application from the second year for this crop-
ping system to promote the maize for utilizing fixed-N by 
legume and reduce potential leaching losses.

A legume–sugarcane fallow can decrease the N require-
ment by 80 kg N/ha according to a Zimbabwean study 
(Shoko et al., 2007). Similarly, the Australian studies also 
reported legume-sugarcane fallow increased the soil N and 
lower the fertilizer requirement (Noble and Garside, 2000; 
Park et al., 2010). A meta-analysis reported that in a legume 
fallow system, N input ranged from 8 to 350 kg N/ha and 
of that, 50% of the studies fall in between 50 and 150 kg N/
ha (Tonitto et al., 2006). Furthermore, this study reported 
that the average N-input from legume fallow was 28% 

TABLE 4.2 The nitrogen-fixing potential of grain 
legumes in the tropical region.

Species N-fixing potential (kg N/ha/year)

Groundnut 21–297

Pigeon pea 0–166

Soybean 15–369

Lentil 4–83

Common bean 0–125

Mung bean 0–107

Cowpea 9–240

Sources: Smithson and Giller (2002) and Gibson et al. (1982).
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mixed species fallow. They also found both foliage and pods 
contain a major portion of the TNR than litterfall in both 
mono and mixed-species cropping. Nevertheless, mixed-
species fallow of Sesbania with other species significantly 
increased the litterfall amount compared to monoculture.

The mixspecies cropping increases the competition for 
the below-ground resources and therefore, they extend the 
root length density to explore new resources from the subsoil. 
In a study, mixed-species of Crotalaria–Sesbania showed a 
significant increment of root length density by 2–2.2 km/m2 
compared to pure culture alone (Cadisch et al., 2002). This 
competition may leave more top-soil nutrients for the sub-
sequent crop and increase the N fixation. For example, the 
Sesbania–pigeon pea mixture showed the greatest amount of 
fixed-N (108 kg N/ha) than Sesbania alone (Cadisch et al., 
2002). However, this is not true for all mixed species fal-
low systems. In the same study, Sesbania with Crotalaria 
showed lower N fixation in comparison to Sesbania alone 
since its growth was suppressed by fast-growing Crotalaria. 
Therefore, the selection of compatible species in a mixed-
species cropping system is essential for receiving a positive 
net return of N to the soil through N-fixation.

4.3.2.4 Carryover nitrogen in legume fallow
The carryover N is the N available for the subsequent crop 
after the legume fallow. This carryover N to the next sea-
son can be an important source for crops. The longevity 
and magnitude of carryover N are usually not considered 
in many studies probably it needs long-term experiments 
and resources. Therefore, studies on the carryover effect on 
soil N and yield are limited. An experimental-simulation 
study conducted in Australia in sugarcane–legume fallow 
has demonstrated that carryover N is available for sugar-
cane up to the fourth ratoon (Park et al., 2010). Subsequent 
ratoons are benefited from carryover N, and it can cut down 

legume cultivar, harvest index and ecological region of the 
cropping system. Even a cash crop-legume fallow showed 
negative soil N balance, it can be profitable if the net eco-
nomic return from the harvest is higher than the yield loss 
in the subsequent main cropping.

4.3.2.3 Mixcropping and monocropping
Fallow with mixed legume species is more favorable than 
a monoculture in various ways. In a monoculture, the crop 
residues mineralize at a certain rate which may not be syn-
chronized with the subsequent crop demand. For instance, 
Sesbania spp. residues usually decompose very fast which 
satisfy the immediate nutrient requirement of the subse-
quent crop (Ndufa et  al., 2009). However, long-term soil 
fertility enhancement is not possible as result productivity 
can decline with time. Whereas in mixed-species fallow, 
different species crop residues deliver nutrients to the soil 
at different rates which possibly increases the long-term 
productivity of the land and provide better synchroniza-
tion with crop nutrient demand. Moreover, this approach 
minimizes the risk of fallow establishment due to water 
stress, pest and disease attack and diversifies the products 
(Cadisch et al., 2002). The selection of legume crop which 
is compatible and having diverse root-shoot growth patterns 
can optimize the resources. Several studies showed a better 
N dynamic of mixspecies fallow compared to monoculture.

The total amount of nitrogen recycled (TNR) (includes 
foliage, pods, and litter) in mixed-species fallow with pigeon 
pea–Sesbania and Calliandra–Sesbania were higher than 
Pigeon pea and Calliandra monocropping by 24 and 105 kg/
ha, respectively in a study conducted in Kenya (Ndufa et al., 
2009). However, they found that TNR declined by 104 kg/ha 
in Siratro (Macroptilium atropurpureum)–Sesbania mixed 
cropping compared to Siratro monoculture. A maximum of 
246 kg/ha TNR was attained for the Crotalaria–Sesbania 
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However, according to another meta-analysis yield was not 
significantly different for the legume fallow compared to 
the conventional system under recommended fertilization 
rate when the legume biomass exceeds 110 kg N/ha in 
maize and sorghum (Tonitto et al., 2006).

The average yield increment reported in the wheat fal-
low system range between 17% and 31% compared to bare 
fallow (Cheruiyot et al., 2003; Danga, 2008). Conversely, 
Vigil and Nielsen (1998) reported in a study conducted 
in the Great Plains of the USA that green legume fal-
low decreased the winter wheat grain yield as they have 
depleted the soil moisture for the subsequent wheat crop. 
The authors further suggested that termination of legume 
crop is weather dependent in which during dry year early 
termination is recommended.

Legume fallow was reported to produce a higher yield 
compared to natural fallow in rice-based cropping sys-
tems (Ladha et al., 1996; Akanvou et al., 2000). According 
to Akanvou et  al. (2000), the rice yield has increased by 
20–30% in legume fallow than a natural fallow. However, 
the authors added that legume residual mulching has 
decreased the germination rate thus crop establishment.

4.3.4 Improvement of soil physical properties 
and erosion control

Legume fallows have the greater potential to improve vari-
ous soil physical properties and mitigate soil erosion thus 
improving overall soil health.

4.3.4.1 Soil physical properties
In the bare fallow system, the soil is exposed to all harsh 
environments such as solar radiation, strong wind, heavy 
rainfall and high temperature or freezing and thawing con-
ditions. These severe conditions deteriorate the soil physical 
properties, fertility and increase soil erosion.

The soil physical properties are closely associated with 
SOM. Organic matter in the soil acts as a binding agent and 
contributes to soil aggregation thereby increasing structural 
stability. It is well documented that SOM positively influ-
ences soil structure (Franzluebbers, 2002; Six et al., 2000). 
The legume-fallow crops improve the soil physical proper-
ties by providing crop residue cover on the soil, increasing 
SOM, rooting density and soil microbial activity. Several 
studies have documented the contribution of legume fallow 
in improving soil physical properties (Adediran et al., 2001; 
Sultani et  al., 2007; Kumar et  al., 2021b). For example, 
legume fallow was reported to decrease the soil bulk den-
sity and the lowest bulk density was reported for Sesbania 
followed by cluster bean and rice bean in Pakistan (Sultani 
et  al., 2007). Alfalfa and vetch wheat-fallow showed the 
highest dry aggregate-size distribution and aggregate sta-
bility compared to continuous wheat cropping (Masri and 
Ryan, 2006).

the fertilization requirement by 201 kg N/ha for the 5-year 
production cycle. However, a meta-analysis suggests that 
the postharvest soil N level of the legume fallow cropping 
system is only comparable with the conventional system, 
thus carryover N is minimum (Tonitto et al., 2006).

4.3.2.5 Nitrate leaching losses
The cover crops usually utilize the residual fertilizer from 
the previous cropping season thus decreasing the nitrate 
leaching when compared to a bare fallow. However, legume 
fallow is a different case in which fixed N can cause both 
a positive and negative impact on leaching losses. Nitrogen 
losses in a subsequent season for legume fallow have not 
been extensively studied and only a limited number of stud-
ies were reported.

A meta-analysis showed average nitrate leaching 
losses were decreased by 40% in the legume-based sys-
tem when compared with the conventional fertilizer-based 
system (Tonitto et al., 2006). A fallow system that retains 
SOM favors the retention of mineralized nitrate in soil 
and reduces the leaching losses. The high retention of 
nitrate is attributed to the greatest level of SOM in no-
till or minimum-till fallow. In another study, 15N- labeled 
legume residue was applied between fallow legume crop-
ping and cotton cultivation and it was found only a little 
amount of N loss during cotton growth (Rochester et al., 
2001). Both mixed-species and monoculture legume crop-
ping were found to be useful in minimizing N leaching 
(Kaye et  al., 2019). Of that, mixed species were more 
effective in leaching control even at a low seeding rate. 
The authors reported a three-species mixture of pea has 
decreased leaching losses by 80%. This study strongly 
recommended that the selection of legume species is 
important to mitigate trade-off N impact and to manage N 
in a cropping systems.

4.3.3 Improving crop yields

The positive N balance of legume fallow crops is attrib-
uted to the biological N fixation which can be utilized by 
the subsequent main crop. However, the yield responses 
of the main crop of the legume fallow systems are mixed 
and depend on multiple factors mainly crop used in fallow 
(Chalk, 1998). A meta-analysis showed that maize response 
to legume fallow was positive compared to natural fal-
low and unfertilized maize in sub-Saharan Africa (Sileshi 
et  al., 2008). They reported yield increments of 1.6, 1.3, 
and 0.8 t/ha for fallow coppicing with woody legumes, non-
coppicing woody legumes, and herbaceous green manure 
legumes, respectively compared to unfertilized maize. A 
long-term study showed that Gliricidia (Gliricidia sepium) 
and Leucaena (Leucaena leucocephala) fallows in maize 
cropping offered consistently high yield (2.0–4.0 t/ha) 
than the unfertilized maize (Sileshi and Mafongoya, 2006). 
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of wind erosion. These crops raised the zero-velocity point 
above the ground level and cause minimum disturbance for 
the soil surface. Mulching or crop residues are also useful 
in wind erosion control. The residues from both the main 
crop and cover crop contributed to reducing wind velocity 
and wind erosion potential (Sauer and Hernandez-Ramirez, 
2011; Blanco-Canqui et al., 2016).

The cover crop intersects with rainfall thereby reduc-
ing the kinetic energy of the raindrop and preventing soil 
from splash erosion. The residues from the cover crop 
also act as a thin blanket which reduces the direct impact 
force of raindrops on the soil and reduces the runoff speed. 
Legumes are effectively controlled water erosion as they 
provide dense litter cover on soil and increase the stable 
soil aggregates (Kirchhof and Salako, 2000). Erosion 
control is partly related to the organic matter content of 
the soil as it improves the stability of the soil aggregates. 
Many studies suggested that legume-fallow increases the 
organic matter content because it adds crop residue to 
the soil and helps to improve the soil structural stability 
(Blanco-Canqui et al., 2013).

The selection of the right legume is critical in control-
ling soil erosion. In a study, Sesbania showed high water 
erosion and runoff compared to Acacia angustissima, 
another legume crop (Nyamadzawo et  al., 2003). The 
higher soil losses are attributed to the inadequate soil lit-
ter derived from sesbania and the higher decomposition 
rate of the litter. Whereas Acacia angustissima produced a 
greater amount of litter which stabilized the soil structure 
thereby reducing the soil losses (Nyamadzawo et al., 2003). 
The termination period of the fallow crop also impacts soil 
erosion. In general, maintaining the cover crop during the 
heavy rainy season could avoid the high impact on erosion. 
A study suggested termination of legumes at or before flow-
ering can yield high dry matter. Therefore, it provides more 
surface cover that decreases erosion (Tanaka et al., 1997).

The conventional-tillage-weed-control method in the 
fallow phase breaks the soil structure into fine particles and 
depletes the SOM, which increased the potential for ero-
sion losses. Enough evidences show conventional tillage 
disturbs the soil aggregates and increase the risk of soil ero-
sion (Gómez et al., 2004; Nyamadzawo et al., 2007). A field 
under conventional-tillage fallow in the Columbia Plateau of 
eastern Washington reported that soil erosion ranged between 
43 and 2320 kg/ha and heavy wind contributed to this high 
soil loss (Sharratt et al., 2007). Many other studies also have 
reported that the legume cover crop significantly decreased 
the soil erosion compared to conventional tillage (Alliaume 
et al., 2014; Gómez et al., 2011; Novara et al., 2011).

A 5-year study conducted in the Great Plains of the USA 
showed that legume fallow was superior to bare fallow, how-
ever, not significantly differ from continuous wheat crop-
ping in terms of wind erosion control (Blanco-Canqui et al., 
2013). This study also reports that wind erosion control varies 

According to few other studies, there were no consider-
able differences in soil physical properties in legume fal-
low (Blanco-Canqui et al., 2013; Mubiru and Coyne, 2009). 
Of such studies, a 2-year study conducted in Uganda has 
reported legume fallow did not rejuvenate the soil proper-
ties. This observation is ascribed to the high soil depletion 
degree of the study area and therefore, the obvious changes 
may not take place within a short period. However, a long-
term continuous fallow could give a better result for the soil 
undergoing high deterioration. Structural stability and soil 
erosion are interlinked phenomena and higher stability low-
ers the erosion potential.

4.3.4.2 Soil erosion control
The arid and semiarid regions of the world are highly prone 
to soil erosion by both rainfall and wind. Rainfall in these 
regions is not widely distributed throughout the year and is 
localized to a short period with high intensity. High intense 
rain increases the splash erosion and transportation of soil 
with runoff water. Accompanied to that, during the summer 
period dried soil can easily be eroded by wind. The sever-
ity of the erosion and corresponded consequences in these 
regions are well documented (Hansen et al., 2012; Zhibao 
et al., 2000). Many cultivated lands of the Great Plains of 
the USA have lost the fertile topsoil layer and now have low 
productive silt loam, silty clay, and loamy sands. The wind 
erosion in the US Great Plains was estimated as 5–18 Mg/
ha/year (Hansen et al., 2012). Agriculture activities in these 
regions have been facing challenges and need mitigation 
methods to overcome this.

Soil erosion removes the fertile top thin layer of soil 
from the field and redistributes the fine particles. This 
causes a serious threat to the productivity of the land and 
eventually affects crop production. Moreover, soil ero-
sion causes losses of the water storage capacity of the soil, 
decreases soil microbial activity, deplete the SOM, and dust 
deposited on the plants block the solar radiation intercep-
tion. A heavy dust storm can bury the small plants or young 
seedlings under the soil. The bare or conventional fallow 
system increases the risk of erosion.

In the conventional fallow system, the soil is left barely 
without cover or with minimum crop residue cover from the 
main crop. This level of mulching can protect the land from 
erosion to an extent, but cannot give sufficient protection as 
a cover crop does. Crop residues can provide useful protec-
tion from erosion until the cover crop develops a substantial 
canopy. A study conducted in the Great Plains of the USA 
reported that soil erosion and runoff from a no-tillage opera-
tion with the low-soil cover system was only comparable to 
the conventional tillage system (Blanco-Canqui et al., 2009). 
It is, therefore, preferred to grow the cover crop in the fallow 
phase to minimize the potential risk of soil erosion.

The cover crops act as wind barriers and lower the wind 
erosion threshold velocity thereby minimizing the impact 
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mitigate the N losses and bring back the background level 
of N traces to the earlier levels as per the individual coun-
tries’ standards and regulations.

4.4.1.1 Nitrate leaching losses
In general, synthetic N fertilizers are highly vulnerable to 
leaching losses as they release the nutrient rapidly to the 
soil. Whereas N from biological sources is considered safer 
than synthetic counterparts as they are organic form and 
releases the nutrient to the soil slowly. Many studies have 
reported that legume fallow crops decreased the N leaching 
potential as they are functioning as a catch crop and utilize 
the N in the soil (Tonitto et al., 2006; Plaza-Bonilla et al., 
2015; Dabin et al., 2016; Kaye et al., 2019). However, few 
studies have proved that any surplus of N loading to the 
system is vulnerable to leaching losses, regardless of the 
N source, even in the legume fallow system (Zentner et al., 
2004; Chikowo et al., 2007). Although the legume fallow 
is highly preferable for marginal land, for a high fertilized 
land it must be implemented with caution.

Zentner et al. (2004) reported that a high amount of soil N 
in the legume fallow system can enhance the leaching losses 
in a wet year. Kolenbrander (1982) and Neeteson (1989) have 
reported that leaching losses are increased after the fallow 
period in the legume-based fallow system, and therefore, they 
recommended adopting this system with caution. Meanwhile, 
Sesbania produced high nitrate leaching compared to con-
tinuous maize cultivation, which was ascribed to the higher 
mineralization rate of the Sesbania (Chikowo et al., 2007). 
A simulation study comparing the leaching effect of wheat 
fallow systems depict that legume fallow showed the highest 
leaching losses (108 kg N/ha) compared to midseason-inten-
sive and planting-intensive fertilized wheat fallow systems 
(82 and 72 kg N/ha, respectively) in the Mediterranean 
region (Hasegawa and Denison, 2005). The authors showed 
that leaching losses exceeding 100 kg N/ha was recorded in 
29 out of 46 seasons. Therefore, it was suggested that a low 
legume-fallow input system or shortening the legume fallow 
is more desirable for the Mediterranean climate.

The termination period of the legume fallow influences 
the nitrate leaching losses. The risk of leaching losses is 
high in between fallow cropping and establishment of the 
subsequent crop during which mineralized N from the 
fallow residues was high. Therefore, early termination of 
fallow is not preferred, especially for soil having a high 
hydraulic conductivity as nitrate ions can easily carry below 
the root zone even after a small rainfall event. Termination 
of legume fallows immediately before the subsequent crop 
is reported to decrease the leaching losses as it functions as 
a sink for the mineralized N (George et al., 1994).

The crop selection is important for a legume fallow sys-
tem, especially for the climate favors the mineralization 
process. In these regions, fast decomposing legume species 
are not suitable as they increase the potential of leaching 

with legume species and the greatest control was observed in 
winter-lentil fallow. Further, this study revealed that runoff 
depth reduced by 3.5 times in spring pea fallow whereas no 
effect for winter lentil. Moreover, the geometric mean diam-
eter of water-stable aggregates was greatly increased.

Improved maize fallow with Crotalaria grahamiana 
and Tephrosia candida have decreased the runoff depth 
and rate by 50, and 70% for sandy loam and clay, respec-
tively. The corresponding soil loss reductions were 30% and 
80% (Boye and Albrecht, 2005). In China, the wheat fal-
low system, including legume crops in fallow, was effective 
in soil conservation compared to continuous wheat crop-
ping (Li et al., 2002). The authors also reported the N fixa-
tion by legumes could have improved the root distribution 
in the top-soil layer and positively influence the results. A 
study found that the beneficial effects of legume-fallow in 
potential control of soil erosion were only for a short term 
in semiarid regions as the residuals decompose rapidly in 
these regions. Therefore, this study recommended growing 
cover crops for each fallow phase to sustain the long-term 
benefits (Blanco-Canqui et al., 2013).

It is generally believed that harvesting the legume-fallow 
potentially increases the soil erosion rate as soil cover and 
the amount of residue incorporated into soil substantially 
decreases. However, a study conducted in the Great Plains 
of the USA reported there was no significant difference 
observed in soil erosion and physical properties between 
haying and nonhaying legume. Therefore, it was suggested 
that haying will not cause short-term negative effects on soil 
erosion and physical properties (Blanco-Canqui et al., 2013). 
Nevertheless, there could be long-term benefits of using 
legumes as green manure in improving structural stability 
and controlling erosion compared to use as forage. The infor-
mation on the impact of haying and nonhaying fallow legume 
on soil physical properties and erosion control are limited.

4.4 Limitations of legume fallow

4.4.1 Nitrogen losses to the environment

The N escapes from agricultural activities acting as a non-
point source of environmental degradation and it received 
great concern in the last few decades. N loss to the envi-
ronment has increased at an alarming rate due to the major 
shift from biological N source to the synthetic N produc-
tion which had taken place after the invention of the Haber–
Bosch process. After the green revolution, the application 
rate of fertilizers has been increased targeting high pro-
ductivity. Along with that, the intensification of agriculture 
also contributed to environmental pollution. The escaped N 
from the active zone of the soil potentially harms the envi-
ronment; nitrate can pollute the water bodies and gaseous 
losses like ammonia and N oxides leads to global warm-
ing (Gunaratnam et al., 2019). The researchers in the agri-
culture field have been working on different strategies to 
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emission from the biologically fixed N sources is generally 
overlooked. The cover crop systems have been shown to 
increase the N2O emission, yet the magnitude varies based 
on the crop residue characteristics. The N and lignin con-
tent of the litter has a direct influence on the mineralization 
process, thus influencing the N2O emission level. The lower 
the carbon: nitrogen ratio (C: N) and lignin content higher 
the emission (Huang et al., 2004; Millar and Baggs, 2004). 
Furthermore, N2O emission is correlated with soil and 
environmental conditions such as soil moisture, soil pore 
volume, soil temperature, soil compaction level and avail-
ability of denitrifying bacteria. Nevertheless, the mineral N 
and dissolved organic compounds have a greater influence 
on emission than the environmental variables (Gomes et al., 
2009). The emission rate increased by the quality of the res-
idue (high N content) and low C: N, as it increased the min-
eralization and nitrate, will be readily available for the 
denitrification process (Millar et al., 2004). Nitrous oxide 
emission is not a primary concern for low-income farmers 
as legume-fallows increase the yield of the main crop.

The legume species used in the green manure fallow 
system generally have a low C: N, so that they potentially 
increase the N2O emission after they are incorporated into 
the soil (Basche et  al., 2014). A meta-analysis showed 
legume cover crops showed a small significant increment 
of N2O emission compared to nonlegume cover crop and 
bare fallow (Abdalla et  al., 2019). Another meta-analysis 
also supported this finding as they found that N2O emission 
was lower when the legume was alive than it was buried into 
the soil as green manure (Basche et al., 2014). Further, this 
study reported that the emission was changing within a par-
ticular year in which the net flux was positive in part of the 
year and was negative in the other part. Both these studies 
concluded that the N content of the litter showed a positive 
relationship with N2O emission.

Many field studies showed that N2O emission from 
legume fallow was higher compared to monoculture or 
bare fallow. For example, a study reported the N2O emitted 
from the legume fallow (Sesbania—12.3 g N2O-N/ha/day) 
was greater compared to unfertilized maize monoculture 
(2 g N2O-N/ha/day) (Chikowo et al., 2004). Another study 
reported that N2O emission was increased for the legume 
residues incorporation (0.5–1.9%) compared to natural 
fallow residues (0.2%) (Millar et al., 2004). Similarly, the 
pea fallow showed higher emission (3.47–3.87 g N2O-N/
ha/hour) than winter fallow (1.17–1.95 g N2O-N/ha/hour) 
under Mediterranean climate (Manalil et al., 2014).

A recent 2-year study compared the N2O emission from 
the field under different fertilization levels and different 
legume fallow crops (Mahama et al., 2020). It was found 
that higher fertilization rates showed higher emission lev-
els compared to legume fallow. This was attributed to the 
inorganic N availability in the soil for denitrification which 
was higher in fertilization treatments. Meanwhile, cowpea 

losses. Konboon et al. (2000) showed that high litter decom-
posing legume species like Medicago truncatula exhibited 
more nitrate leaching loss than slow decomposing species 
(e.g., Flemingia macrophylla). Accordingly, the N con-
tent of Flemingia was higher than Medicago, nevertheless, 
Flemingia slowly decomposes and releases the N accord-
ing to the crop demand. Therefore, this study suggests the 
selection of a slow decomposing species is more attractive 
for legume green manure application and such species, early 
termination is also suitable which can decrease the cost of 
management. Many studies have reported that Sesbania lit-
ter decomposes very fast (Ndufa et al., 2009; Munawar and 
Suhartoyo, 2013) and therefore, the leaching losses are also 
high. Another study has reported that nitrate level on the 
topsoil layer was high for Sesbania and after few rainfall 
events, it moved down to deeper layers promptly (Chikowo 
et al., 2004). This study also showed that tillage simulate 
the rapid release of nitrate from Sesbania, and leaching 
losses are also high compared to nontill Sesbania. Further, 
authors quantified the leaching loss from Sesbania and 
Acacia below the root zone were from 29 to 40 kg/ha and 
higher losses were recorded during the early stage of the 
maize as substantial root was not developed to take up the 
nitrate from deeper layers. Meanwhile, leaching losses of 
mineralized N have a high risk of escaping to deeper layers 
before the main crop develops the significant root biomass 
(Whitbread et al., 2004).

Few studies suggested mixcropping of legume and 
the nonlegume crop can mitigate the nitrate leaching. A 
simulation study showed that nitrate leaching increased in 
the legume cover crop system (Vetch) compared to nonle-
gume cover crop (Ryegrass) (Tribouillois et al., 2016). The 
nitrate leaching after the termination of cover crop and soil 
available N showed a strong positive relationship. Also, 
they reported that mixcropping (legume with nonlegume) 
has decreased the leaching losses better than legume alone. 
Mixed fallow performed better than legume monoculture 
fallow or bare fallow in controlling leaching in a lysim-
eter study (Kaye et al., 2019). Also, this study suggested 
that selection of the right species is important to control 
the N leaching losses. A global review study also supports 
that legume and nonlegume mix can decrease the leach-
ing potential while sustaining the soil N and yield of the 
main crop (Abdalla et al., 2019). A 35-year long study sug-
gested that adopting legume fallow frequently increased 
nitrate leaching (Campbell et  al., 1994). Moreover, this 
study reported that using fertilizer in a legume fallow sys-
tem leads to greater leaching losses. They also reported, 
using legume summer fallow in subhumid regions need to 
be discouraged to avoid leaching losses.

4.4.1.2 Nitrous oxide emission
The nitrous oxide (N2O) emission from the fertilized 
agricultural lands was studied extensively, however, the 
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●  Mixed cropping of legume and nonlegume species in a 
fallow period. This allows nonlegume species to utilize a 
part of N fixed by the legume crops so that decreases the 
potential N losses.

●  Avoid the species which litter undergo fast decomposi-
tion especially in the regions that favor fast decomposi-
tion of the legume litter.

4.4.2 Soil phosphorus depletion

Soil P level is a limiting factor to get the optimum benefit 
from the legume crop in a fallow system. Leguminous crops 
have high soil P utilization efficiency due to their ability to 
solubilize the less soluble P fraction in soil by rhizosphere 
acidification as a response to P deficiency (Tang et al., 2004). 
However, a readily available P pool is acting as the principal 
source of P for most of the legume crops even though less 
liable P sources are available (Vu et  al., 2008). Faba bean 
and chickpea are strongly depleting of all forms of soil P and 
they showed high P intake from flowering to maturity stage 
(Hassan et al., 2012). Therefore, legume crops have the poten-
tial to deplete the liable fraction of soil P in a fallow system, 
so that subsequent main crops can suffer from P deficiency. 
However, no studies have compared the post-seasonal soil P 
availability of bare fallow, monoculture and legume fallow 
systems.

Nevertheless, legume crops utilizing the less liable P 
sources even liable P available in the soil are useful for a 
fallow system. For example, white lupins use a less liable 
fraction as primary P source, even the liable fraction con-
centration was quite high (Hassan et al., 2012). Therefore, 
these legume crops are suitable for P spare soils to be used 
as fallow crops. They absorb the less liable faction and 
convert them to organic P, which can be later mineralized 
into inorganic P which will be available for the subsequent 
crop.

4.4.3 Depleting organic matter in the soil

The fallow cropping may show negative SOM content as 
losses higher than gain. These losses are attributed to (a) 
amount of litter addition to soil changes due to change in 
the crop species, (b) mechanical weeding decreases the 
SOM, (c) soil erosion, and (d) other management prac-
tices. The inversion of soil or pulverization in mechanical 
weeding exposes the SOM to the surface thus increasing 
the oxidation and mineralization. Many studies reported 
that the legume fallow system increased the SOM content 
even though shallow and/or conservation tillage was prac-
ticed for weed management (Pala et  al., 2000; Campbell 
et al., 2000; Masri and Ryan, 2006). However, other studies 
showed SOM reservation can be improved further if no-
tillage (Mrabet et al., 2001) or reduce tillage is employed 
instead of conventional tillage (Mikha et al., 2006). There 

fallow showed higher emission in both experimental years 
while Sunnhemp showed comparable emission to bare fal-
low. However, there is no evidence in this study to claim 
that legume-fallow reduce the N2O emission compared to 
bare fallow as the least emission from legume fallow was 
only comparable with bare fallow treatment.

Mixed cropping of legume and nonlegume species 
potentially decreases the N2O emission. The mixed crop-
ping of legume (lablab) with nonlegume (maize) showed 
the lowest emission among the legume-based crop rotation 
in Brazil (Gomes et al., 2009). Millar et al. (2004) reported 
that mixed of two legume species (Sesbania/Macroptilium) 
released a high amount of N2O as the higher amount of N 
fixed. Further, the authors suggest that shifting from nat-
ural-fallow to improved legume-fallow could potentially 
increase the global warming potential (GWP) by 189 CO2 
(carbon dioxide) equivalent/m2. However, they were not 
sure about the calculated GWP values as carbon sequestra-
tion by the legume-fallow was not considered in this calcu-
lation which can decrease the GWP.

Apart from the microbial decomposition of litter, 
legume crops can generate N2O through their symbiotic 
relation with Rhizobia. The Rhizobia was identified as a 
denitrifier that can denitrify the soil nitrate in the free-living 
stage or symbiotic relationship. In the free-living stage 
involvement in the denitrification process is rare, however, 
few genera have been shown denitrification. The denitri-
fication of particular genera depends on the presence or 
absence of the denitrification gene (Delgado et al., 2007). 
In alfalfa, the production of NOx gases was account for 
only 2% of the Sinorhizobium meliloti bacteroids thus deni-
trification within the nodule is negligible (Garcia-Plazaola 
et al., 1993). The greater portion of the N2O release from 
the legume cropping are released from N in root extrudes 
and decomposition of litter, rather than from biologically 
fixed N itself (Rochette and Janzen, 2005).

A long-term comparison between legume, nonlegume 
and bare fallow is essential under different climatic condi-
tions to get conclusive evidence of N2O emission from dif-
ferent agricultural systems.

The possible ways to decrease the N2O emission from a 
legume fallow system can be identified as follows;

●  Use the part of the legume as fodder and only use a 
required portion as green manure. This will minimize 
excess N loading to the system and associated emissions.

●  Incorporate other carbon-rich sources with the legume 
manure to increase the C: N. Higher the C: N, lower the 
denitrification process and thereby N2O emission.

●  Late termination of the legume-fallow to avoid the abun-
dant N in the soil which potentially undergo leaching and 
denitrification losses.

●  Application of nitrification inhibitors for the legume-
fallow after the green manure is incorporated into the soil.
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4.5.2 Nitrogen leaching losses

Biologically fixed N is generally considered as a safer way 
to enhance the soil N since it requires more time to break 
down more stable organic N form to inorganic via biologi-
cal decomposition. However, this is not always true where 
organic compounds also can be leached and contaminate 
the water bodies. Further, fast decomposing legume species 
can also equally threaten inorganic fertilizers for environ-
mental health. However, little emphasis is given to the N 
leaching study in the legume fallow system. The direct evi-
dence of N leaching and comparison of N leaching between 
legume fallow and other systems are unavailable. Therefore, 
it needs to be studied extensively with a focus on the leach-
ing potential of individual and mixed legume species under 
different climatic conditions in the legume fallow system. 
Further, the soil core sampling technique is generally used 
to measure the potential N leaching level in available stud-
ies. However, employing the lysimeter method may offer 
more precise and insightful information on N leaching in 
spatial and temporal scales. Alongside this, labeled-N stud-
ies help to understand the real contribution of legume crops 
in N leaching.

4.5.3 Nitrous oxide emission

Similar to leaching losses, gaseous losses (i.e., nitrogen 
oxides) also contribute to environmental change. More 
stringent greenhouse gases (GHGs) emission regulations in 
recent times force the farming and research community to 
build more concern about this issue. However, only very 
few studies have attempted to quantify the N2O emission 
from the legume fallow system. This study area is at a very 
fundamental level and extensive studies need to be done to 
cope up with the global GHGs standards.

4.5.4 Legume species selection and genetic 
improvement

The right legume species for the right climatic and soil con-
dition is important to obtain the optimal efficiency and to 
reduce the adverse impacts. Not all legume species are suit-
able for all conditions. There are many studies conducted 
with the emphasis on selecting the right species that demands 
low water and adding high N to soil. However, these stud-
ies are confined to a few regions and few traits of legumes. 
Therefore, a selection program of the right species for each 
region is essential to improve the utilization of legumes as 
a fallow crop. Further, these studies need to accommodate 
multiple traits during the selection. It is more crucial in the 
mixcropping system where the right companion legume spe-
cies to mazimize the synergistic effect.

Apart from the selection of species, genetic engineering 
can play an important role in improving the genetic potential 

is no direct evidence to show that legume fallow decrease 
SOM. However, adopting the minimal or no-tillage prac-
tice in legume-fallow can sustain the available SOM and 
add new organic matter to the soil from legume residue 
(Eeswaran et al., 2021).

4.4.4 High water demand by legumes in summer

Legumes can grow under moderate to high water stress 
conditions which enable them to use as a cover crop or 
a fallow crop on arid and semiarid regions. However, few 
legume species (perennial and few annual legumes) have 
deep and dense roots, therefore, they have the potential to 
take up the water from shallow to deep layers of the soil 
profile. If these species are used in a fallow system, poten-
tially they can consume a higher amount of available soil 
moisture. Therefore, the subsequent main crop can suffer 
from moisture stress.

Legumes need the sufficient soil moisture at the early 
and mid-stage of the crop cycle. Nevertheless, in general, 
the water requirement for the legume crops is very low at 
the later stage of the crop cycle as the crop evapotranspira-
tion is low. The basal crop coefficient of most of the legume 
crop is between 0.2 and 0.3 (Allen et al., 1998). Therefore, 
overlapping the cropping cycle with the available soil mois-
ture is critical to conserve soil moisture.

4.5 Future research needs in legumes for 
summer fallow
Since the beneficial effects of the legume fallow system 
are very clear, many research studies are being done in all 
parts of the world on different cropping systems. Although 
major research focusing areas under legume fallow are 
investigated, there are many untouched and not-fully 
understood aspects are identified here. These research 
gaps or future research needs are discussed based on dif-
ferent aspects of legume fallow cropping.

4.5.1 Nitrogen enrichment in soil

The principal aim of adopting a legume fallow in a cropping 
system is N enrichment in soil. The greatest research atten-
tion on this area is given for the comparison of available soil 
N and plant N attenuation between legume fallow and bare 
fallow and /or continuous cropping. However, research on 
the carryover effect of biologically fixed N is unavailable 
or very limited in the literature. The amount and duration of 
carryover N influence the fertilizer requirement in the subse-
quent season for the main crop and potentially contribute to 
the N leaching losses. Therefore, quantification of carryover 
N is beneficial for a farming system to cut down the fertil-
izer expenses and indirect costs incurred for environmental 
pollution.
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development programs may be directed towards promoting 
N enrichment while minimizing the N losses to the envi-
ronment. Moreover, long-term research studies may open 
the ventures to evaluate the legume-based fallow systems on 
species selection, genetic improvement, and improvement 
of soil health as affected by the climate and other environ-
mental perturbations.

Abbreviations
C:N carbon: nitrogen ratio
CSM continuous sugarcane monoculture
GHGs greenhouse gases
GWP global warming potential
N nitrogen
N2O nitrous oxide
P phosphorus
SOM soil organic matter
TNR total amount of nitrogen recycled
WUE water use efficiency
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ies targeting legume fallow crops are very limited. Therefore, 
a genetic improvement program is needed for incorporating 
multiple beneficial traits into selected fallow legume spe-
cies. This technique could allow the development of a limited 
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4.5.5 Soil erosion control and physical properties

The changes in soil physical properties and erosion control 
potential of legume fallow crops are one of the well-studied 
and understood domains in the legume fallow system. 
Nevertheless, less attention was given to compare the effect 
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