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Abstract

In Mexico, the grassland represents 40.1% of the total area of the country and it is a
source of feed for livestock, although suffers different degrees of degradation due to
lack of management and adverse climatic conditions. The problem of the grasslands is
complex since it involves diverse type’s soils, presence of invasive plants, low success in
the establishment of grasses or replanting, high fluctuation in the rainfall distribution,
as well as the low capacity of the soil to retain moisture. Among these constraints, the
limited availability of soil moisture in arid conditions, makes these areas more fragile to
the degradation of the environment which results in low productivity of the grassland. In
this chapter, major ecological limitations of the grassland and techniques which improve
the soils moisture retention capacity of the grassland especially in moisture deficit areas
will be discussed.

Keywords: grass, forage productivity, soil moisture, grazing, livestock

1. Introduction

Extensive livestock areas are one of the fastest growing sectors in the world compared to other
agricultural sectors [1, 2]. It is also the means of subsistence for millions of people and is a
great architect of world agricultural production [3, 4]. Livestock is the world’s largest user of
land resources: rangelands used for grazing and fodder production account for almost 80%
of all agricultural areas [1]. However, in the extensive field, livestock frequently participate
in the degradation of large areas of grassland and is a contributing factor to deforestation

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,

distribution, and reproduction in any medium, provided the original work is properly cited.



50 Grasses as Food and Feed

through clearing of the trees to grow grasses for the livestock [1, 4]. In addition, the herds of
cattle cause large-scale soil damage, mainly due to overgrazing of the grass, soil compaction
and soil erosion [5-7].

Currently, the interest in the efficient use and conservation of grassland has been restarted, due
to its importance in animal feed, the integral maintenance of the environment and because it
is one of the most threatened ecosystems, mainly due to extensive livestock farming, drought
and conversion for the land to cropland [8, 9].

The efficiency in the use of the grassland implies the sustainable use of this ecosystem for
the feeding of the domestic cattle, without neglecting the natural wildlife and the interaction
with the contiguous ecosystems. Grasses are considered as one of the most important sources
in low-cost feed for cattle, sheep and goats [1, 10]. The adequate use of grassland provides
economic benefits to the states, livestock areas, producers and final consumers of agricultural
products. In spite of the importance of the grassland, in recent years its conservation has been
neglected. Hence, excessive animal burden was promoted which favored the reduction in
the productive capacity of the ecosystem that resulted in soil erosion and loss of biodiversity
[11]. Due to this, the competitiveness of the system has been reduced. In addition, productive
efficiency as well as social and economic benefits that are generated from agricultural produc-
tion in natural grassland had been reduced.

Due to the overgrazing of the grasses by allowing excess number of livestock which is more
than the capacity of land the ecosystem of the area has been drastically affected [1]. This
has caused a radical change in the floristic composition of the grasslands and a reduction in
water permeability of the soil, which increases the runoff and causes an accelerated erosion
[12]. The substitution of complex grassland ecosystems for extensive livestock has implied an
invaluable ecological cost.

Thus, in the present work we will tackle repasting techniques, integral use of biotic resources,
control of the carrying capacity and a better planning on the activity the livestock, the forego-
ing to minimize the effects of extensive cattle ranching in the grassland ecosystem. In addi-
tion, the major findings relevant to the topic especially on the contribution of grasses in the
mitigation of the degraded soils in drylands is given emphasis.

2. The stage of extensive livestock farming, its impact on grassland
ecosystems

From an environmental point of view, the extensive livestock model contributes to the degra-
dation of the territory but in a much lower proportion than the contribution of the intensive
and industrial production system. It should be noted that in the extensive exploitation, the
aspect that has the most environmental impact is the clearing of the land to allow the growth
of grasses. On the other hand, it can also influence the degradation of grassland areas as a
result of overexploitation, especially in the arid and semiarid regions where crops and plants
take longer to develop. However, due to its distribution in an extensive manner, it could
be said that it’s negative impact in terms of the emission of contaminating flows or in the
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compaction of the soil is less than the intensive production model. This is due to the fact that
being distributed on the land exceeds the load capacity. Moreover, in most cases, authors
indicate that rather than contaminating, it implies a load of nutrients and a contribution to the
development of that surface [1, 7]. Therefore, it is necessary to highlight the positive aspects
of this type of exploitation to the environment as it is closely linked to the latter. In this line,
it is worth highlighting that extensive exploitation contributes in a sustainable way to obtain
natural fertilizer [13], control of shrub vegetation [14] and regulate fuel biomass in forest areas
[15], as well as preserve the biodiversity [16].

Apparently, the interaction of livestock with the ecosystem is complex and depends on the
location and management practices. Extensive livestock production systems are based on
the availability of resources locally which dictates the use of alternative sources that reduce
opportunity costs. Examples of such resources are crop residues and land under extensive
grazing that is unfit for cultivation or other uses [13]. At the same time, in traditional livestock
farming systems valuable agricultural inputs are generated which guarantees the close inte-
gration of the two production systems.

In particular, genetically conditioned, the grassland evolved to trampling, defoliation and,
when they retain sufficient vigor in response to erratic grazing (before the arrival of domestic
livestock) and/or controlled (under modern grazing), enter latency, avoiding critical periods,
either drought or winter, to vigorously sprout when the temperature and humidity of growth
return [1]; their habit of modular growth means that they maintain the proper structure to
harvest rains smaller than 5 mm, cover areas of bare soil and, at the same time, trap moving
soil in the air or form soil. In this regard [1], the best soils in the arid and semiarid world,
currently under agricultural use, were formed by grassland and it is still possible to observe
regions with soils of depths from 1 to 2 m that were grasslands in their most recent history.

It is necessary to delimit, that in a healthy grasses, a density of 60,000 mature tillers per hectare
[17]. However, due to frequent overgrazing (not respecting times of abundance and shortage),
the vast majority of arid and semiarid grassland had a population of less than 2000 mature
tillers per hectare of desirable perennial species [8]. These 2000 tillers are those that resist
drought, overgrazing and low temperatures, which leaves large areas of bare soil and solar
energy that dissipates heat. Since the forage and other grass products are interpreted by the
owner of the grazing area as harvest opportunity, the first to arrive or the one with the most
adequate collection tools, takes advantage of the resource before others do it. However, this
practice is mostly done without promoting its abundance and without respecting rules of use
or without knowing the effect of its long-term activity on the ecosystem.

2.1. Hubs of controversy in the degradation of grassland due to livestock

The characteristics that are most recurrent in the grassland of the arid and semiarid zones
are the cyclical drought register [18] and the pressure of the land use [19], with an extensive
exploitation system. These lead to the overgrazing of the land. In this regard, the degradation
of the natural resources of the grassland in arid and semiarid zones as a form of desertifica-
tion, is the factor that most affects the grassland ecosystem, in which extensive livestock is
practiced [20].
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In arid and semiarid areas, where most of the world’s grassland ecosystem is located, grass-
land intensification is usually not technically viable or profitable. As a result of the weaken-
ing of traditional institutions and increased pressure on land, many of them have become
open access zones. In these and other grassland based systems, incentives and technologies
to improve grassland management are scarce [1]; therefore, the improvement of productivity
and potential ecosystem services are lost.

Deforestation caused by overgrazing is a common feature [19]. According to Programa das
Nagoes Unidas para o Meio Ambiente (PNUMA) study in Brazil [21], approximately 20% of
the world’s grasses and grassland had suffered some degree of degradation, and this num-
bers rises to 73% in arid lands. According to the estimation of the Millennium Ecosystem
Assessment, 10-20% of the grassland is degraded, mainly due to overgrazing [22].

The degradation of the grassland is usually the consequence of the lack of correspondence
between the density of livestock and the ability of the grasses to recover from grazing and
trampling. Ideally, the land: livestock ratio should be adjusted continuously to the condi-
tions of the grasses especially in dry climates. However, due to the weakness of traditional
institutions, the increase in pressure on resources and the number of obstacles that hinder the
movement of livestock, such adjustments are usually not possible. This occurs in particular in
the case of arid and semiarid communal grazing areas [1]. Among the environmental conse-
quences of grassland degradation soil erosion, vegetation degradation, the release of carbon
from organic matter deposits, the reduction of biodiversity and the damage of the water cycle
are the major ones.

Degradation due to grazing can be reversed to a certain extent, although the speed of the
process and the best techniques for this purpose remain the subject of discussion. Grazing
lands can be managed sustainably by virtue of common property systems. However, in cases
where common property systems have been divided, excessive grazing is usually observed.
The economic argument by which each farmer tries to maximize their personal benefits,
when common property systems are divided is clear: maximizing the number of animals
per hectare allows the cultivation of more resources for individual benefit. This encourages
overexploitation of land resources to the detriment of total productivity.

2.2. Livestock and grassland: a global perspective

The different systems of livestock production affect biodiversity in different ways. Extensive
systems could accommodate large number of breeds and make use of a huge variety of plant
resources such as forages, but their lower productivity could increase the pressure to invade
natural habitats to a greater extent.

In general, the effects of livestock on biodiversity depend on the magnitude of these effects or
on the degree to which biodiversity is exposed to them, on the sensitivity of biodiversity to
livestock and on how it responds to these effects [23].

According to the Millennium Ecosystem Assessment [22], the most important direct causes of
the loss of biodiversity and changes in ecosystem services are alterations in the habitat (such
as changes in the use of land), climate change, invasive alien species, overexploitation and
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pollution. Cattle contribute directly or indirectly to all these causes of the loss of diversity,
both locally and globally.

Normally, the loss of biodiversity is caused by the combination of various processes of envi-
ronmental degradation [1]. This makes it difficult to isolate the contribution of the livestock
sector. Another complication is the multiple phases of the food production chain of animal
origin in which the environmental effects take place.

The use of land and the change in land use related to livestock production modify ecosystems
that are the habitats of specific species. Cattle contribute to climate change, which in turn has
implications for ecosystems and species. The sector also has direct impacts on biodiversity
through the transfer of invasive exotic species [11], for example through overgrazing.

2.3. Alternatives for the conservation of the grassland ecosystem: towards a need for
change

Taking measures towards reducing the effects of extensive livestock production on the eco-
system is important as lack of the action drastically worsen the situation. It is also necessary
to balance the demand for animal products with the growing demand for environmental
services, such as clean air and water.

One of the measures to counteract the effects of extensive production is the current prices of
land, water and fodder resources used in livestock production, since they do not usually reflect
the scarcity of these resources [1]. As a consequence, they are abused and the productive pro-
cess is remarkably inefficient. Environmental protection policies should introduce adequate
market prices for the main inputs [19], for example, by introducing water and grazing prices
that reflect the total costs. Precisely, the recent development of water markets, in addition
to the establishment of prices proportionally more appropriate in some countries, especially
those suffering from the shortage of this resource, are measured in the right direction [1].

Good agricultural practices are equivalent to another technique that could reduce the effects
of extensive livestock production [1, 24, 25]. This is referred to reduce the use of inputs in the
production of forages and in the intensive management of grassland. The integration of tech-
nologies and ecological production systems can restore important soil habitats and reduce
degradation.

Overgrazing can be reduced by introducing exploitation fees and removing obstacles to
mobility in communally owned grasslands. Land degradation can be avoided and reversed
through soil conservation methods [26, 27], silvopastoralism [18], better management of graz-
ing systems [20], establishment of limits on uncontrolled burning by producers [23], and the
controlled exclusion of livestock from fragile areas [24].

The combination of such local improvements with the restoration or conservation of an eco-
logical structure in the river watershed area could be a good way to reconcile the conservation
of the ecosystem function and the expansion of agricultural production [28]. In the extensive
agricultural production systems, there is a great difference between current productivity
and potential productivity, which indicates that a considerable increase in efficiency can be

53



54  Grasses as Food and Feed

achieved by improving management [29]. However, this is more difficult to achieve in areas
with limited resources, which are also ecologically more marginal areas.

In the case of most productive systems, there are improved and efficient production tech-
nologies. However, access to relevant information and the ability to select and implement
the most appropriate technologies are limiting factors. These limitations can be reduced by
managing interactive knowledge, capacity building and informed decision-making in policy,
investment, rural development and producer areas [1]. It is necessary to guide technological
improvements towards an optimal integrated use of land, water, human beings, livestock and
grazing food resources for livestock.

3. Productive reconversion and management practices in arid land
grasses

The productive reconversion is interpreted as the incorporation of technological changes and
processes that contribute to the productivity and competitiveness of the agricultural sector to
food security, and to the optimal use of lands through complementary supports and invest-
ments [18, 30]. The objective of the productive reconversion is to promote the establishment
of agricultural and forestry production activities in areas of well productive potential and
productive aptitude, which are competitive and promote sustainability.

According with the laws in force that regulate the use of natural resources in Mexico, the
terms identified and that are related to the reconversion are: technological changes, conver-
sion of crops, productive reconversion and recovery of degraded areas [18]. They show a gra-
dient of technological actions ranging from the most elementary adoption of a technological
component, until gradually, reaching an early extreme that is the recovery of degraded areas.

Productive reconversion, considers agronomic criteria, such as the changes of current species
by native species or alternative crops that are apt to survive and produce in areas susceptible
to conversion.

Regarding grassland management practices in arid lands, it is based on ecological principles
where processes of plant succession, condition and composition, density of species and plant
communities, areas and species among others are observed [31]. The actions that allow an
adequate management of the grassland in the arid and semiarid zones, are priorities when
developing programs of resource management for these zones. Likewise, the health of these
ecosystems involves other highly relevant efforts [32]. However, when the management
actions are not sufficient to maintain the grasses in good condition, the option to induce,
through rehabilitation and/or improvement techniques, a gradual recovery of the grassland
in order to increase their productivity [20, 33].

3.1. Management of grassland: success studies in arid lands north of Mexico

The establishment of grassland in soils with physical degradation in areas in arid lands,
implies the possibility of obtaining food for the cattle and at the same time improving the
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condition of the land. For the rehabilitation of these areas, it is important to consider grass
species that are tolerant to the prevailing environmental conditions. Maintaining moisture in
the soil with efficient micro-harvesting systems contributes to the improvement of soil qual-
ity, avoiding erosion by wind and rain water trawling. The integration of vegetation covering,
as well as the use of moisture retainers, as a way to reduce the high rate of evaporation, key
options to be widely adopted. However, so far, they are little explored and hence poorly
implemented environment degraded by soil erosion and desertification [34, 35].

3.1.1. Grasslands in the middle watershed Nazas-Aguanaval: case study San Luis del
Cordero, Dgo

The middle watershed of the Nazas-Aguanaval rivers is a predominantly grassland area that
is considered as a semiarid zone. This region registers an environmental deterioration, due to
overgrazing by large number of cattle which results in partial loss of vegetation cover and a
progressive loss of soil [36]. The major findings of the study at San Luis del Cordero, Durango,
Mexico in 2015 with the aim of evaluating different soil moisture retention practices as well
as the use of hydrogel and stubbles on the survival and establishment of grass (Bouteloua
curtipendula [Michx.] Torr. and Chloris gayana Kunth) are briefly presented below [35].

3.1.2. Moisture content of the soil

The moisture content of the soil was significantly (P < 0.05) higher than the control at each
depth evaluated when applying hydrogel after the runoff, registering values on average 3.0%
higher, with respect to the control. This effect was diluted, in the later evaluation dates for both
depths. Hydrogels offer properties of retention and slow release of water in the soil, either
under conditions of immediate or prolonged irrigation, in addition to conserving moisture
in the root zone of crops [37]; however, in this study, the properties of the hydrogel were not
observed. Other authors highlighted hydrogel applications in buffel grass in arid climates,
improved seedling emergence, plant height, dry matter weight and vegetation cover [34]. This
positive effect was associated with hydrogels that significantly improved absorption capacity
of easily removable water of the soils; although the effectiveness of the gel in improving water
retention varies according to the type of soil [38].

Regarding the use of vegetable cover based on corn stubble, the moisture content evaluated
at different depths significantly higher (P < 0.05) in 3.2% on each date of evaluation with
respect to where the crop residue was not incorporated. The usable humidity for this type of
soil is 18%, given that the CC was 33% and the PMP 15%. In the treatment without stubble
application, it reached values of 16%, very close to the PMP value. In this regard, the use of
mulch or crop residue in the production of other crops has been shown with favorable results,
such as soybeans and rainfed sorghum, were associated with a higher moisture content in
the soil when applying mulch in both crops, mainly in years with irregular rainfall [39]. In
addition, other authors indicate that the incorporation of mulch or stubble to crops represents
an important cultural practice, since it plays an essential role in the conservation of moisture
in the soil; the organic and inorganic coverings, on average, register a higher content of soil
moisture for the first active soil layer [40].
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3.1.3. Seedling survival

B. curtipendula and C. gayana had superior survival rate of 84%, 6 weeks after transplanting,
although the differences between the two species was not significant. The high percentage of
survival might be due to the planting method during the transplanting, since direct sowing
of the seed in the field is only 10% and in some cases 50% [41]. Values higher than 95% of
establishment in buffel grass had been found when using the transplant method, considered
a highly effective sowing method even in soils with limited natural fertility.

The percentage of grass survival was 88.6 and 76.4% in the hydrogel doses of 20 and 10 kg ha™,
respectively, but with no significance difference between the two, with a better response ten-
dency in the dose of 20 kg ha™, by statistically differentiating from the control. The survival
percentage was significantly higher (P < 0.05) when corn stubble was applied (89.9%), com-
pared to when it was not applied (81.2%) (Table 1). By not applying the vegetation cover,
the percentage of survival of forest species is significantly reduced, up to 66.7% [42]. The
application of stubble as vegetable cover in crops, improves soil moisture retention by reduc-
ing evaporation, in addition to creating a microclimate suitable for germination of the seed,
survival and development of the crop in its initial phase [43].

3.1.4. Air dry matter and plant radical content

The stubble effect was related to a higher soil moisture content and more evenly distributed,
which allowed a higher yield (P < 0.05) of biomass in both grasses. The stubble dose was
associated with yield higher than 24.9% in the native grass and 25.6% in the introduced

Grass specie/Dose of Percent of survival

retainer of soil water

BC 87.03a+1.3
CG 84.12b+1.1
Hydrogel doses

0 kg ha™ 7293b+0.9
10 kg ha™ 7642b=+1.5
20 kg ha™ 88.64ax1.2

Stubble coverage
Otha™ 8121b+14

10tha' 8994a+16

BC = B. curtipendula [Michx.] Torr.; CG = C. gayana Kunth. ab-Numbers of different letter into each variation factor
(grasses, hydrogel and corn stubble) are statistically different (P <0.05).

Table 1. Percent survival of grasses due to hydrogel and stubble.
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grass, compared to the control (Table 2). In contrast, statistically significant differences
(P <0.05) was obtained for 30 DDR for aerial biomass production using 10 and 20 kg ha™
hydrogel. However, in the two subsequent evaluations, the differences in the DDR of the
aerial biomass was negligible might due to the dilution effect identified in the moisture
content in the soil. To add of stubble significantly increased (P < 0.05) the root biomass,
obtaining the highest weight at the end of the vegetative cycle in native and introduced
grasses. The average increase in biomass of the root in the stubble dose was 43.1% in native
and 38.3% in the introduced one, with respect to not applying the vegetation cover, in the
three evaluations (Table 3).

In this regard, the addition of stubble on the soil surface favorably affects greater biomass
production in grasses [44]. Other authors [45] obtained significantly higher increases in forage
yield in guinea grass by adding straw to the soil. On the other hand, the hydrogel has shown
a more efficient use of water, which improves the growth of plants [46], although this effect
was not observed at the time of evaluation.

The amount of rainfall has impact on the effectiveness of the hydrogel applications, as the
registered rainfall of 372.2 mm was 10.0 mm lower than the annual average in the region
(Figure 1A) [47]. The information obtained can be agreed upon the selection of grass species
with high potential and soil moisture retention practices, to be used in rehabilitation pro-
grams of degraded grassland in arid lands.

Dose of retainer of soil water Dry weight of aerial plant biomass (g)
30 DDR 45 DDR 60 DDR
BC CG BC CG BC CG
Hydrogel doses
0 kg ha™ 11.0b 17.5b 45.1a 57.9a 53.3a 68.0a
1.7 +3.3 £6.0 +5.5 7.1 +7.0
10 kg ha™ 13.3ab 24.3a 42 8a 56.0a 51.5a 66.8a
+22 +4.1 +5.9 +5.8 £6.3 +7.6
20 kg ha™ 14.7a 25.6a 44.7a 56.9a 51.6a 67.7a
+2.0 +4.9 +53 +4.2 £6.2 +5.8

Stubble coverage

O0tha™ 12.3b 20.4b 39.8b 52.3b 47.2b 61.1b
+2.1 +1.6 +3.3 +27 +4.4 +28
10 tha™ 16.1a 28.6a 48.8a 6l.1a 57.2a 73.2a
+0.9 +19 +3.9 +2.8 +4.5 +3.2

BC = B. curtipendula [Michx.] Torr.; CG = C. gayana Kunth DDR = Days after the first runoff. ab-Numbers of different
letter into the same column, and into each variation factor (hydrogel and corn stubble) are statistically different (P <0.05).

Table 2. Effect of hydrogel and corn stubble on shoot dry biomass of two grass species.
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Dose of retainer of soil water Dry weight of shoot dry biomass (g)
30 DDR 45 DDR 60 DDR
BC CG BC CG BC CG
Hydrogel doses
0 kg ha 5.0b 9.1b 19.5a 24.3a 22.9a 29.0a
£0.5 +1.2 +4.38 +4.3 +4.5 +43
10 kg ha™ 6.6a 11.7a 17.7a 24.6a 21.7a 29.5a
+1.0 +2.2 +3.3 +3.7 +3.2 +4.1
20 kg ha™ 6.3a 11.9a 19.0a 25.5a 22.5a 28.9a
+0.8 +2.1 +3.5 +3.7 +3.6 +3.6

Stubble coverage

Otha' 4.7b 9.2b 15.5b 20.9b 19.4b 25.3b
+1.8 +1.1 +24 +15 +1.9 +13
10tha™ 7.3a 13.9a 22.1a 28.2a 25.5a 32.6a
+0.6 +14 +2.2 +1.2 +2.3 +1.6

BC = B. curtipendula [Michx.] Torr.; CG = C. gayana Kunth DDR = Days after the first runoff. ab-Numbers of different
letter into the same column, and into each variation factor (hydrogel and corn stubble) are statistically different (P <0.05).

Table 3. Effect of hydrogel and corn stubble on root dry biomass of two grass species.

3.2. Grasslands in the Nazas-Aguanaval middle watershed: case study Mapimi, Dgo

This study was carried out in Mapimi, Durango, Mexico in 2016. The objective of this study
was to evaluate different soil moisture retention practices in the establishment, development
and production of grassland in degraded areas of arid lands of northern Mexico. In this case,
the use of different soil moisture retention practices and hydrogel and stubbles on the survival
and growth of native and introduced grasses (Bouteloua gracilis H.B.K [Lag.] and Pennisetum
ciliaris L.) were investigated [48].

3.2.1. Percentage of establishment and yield of dry matter

The percent establishment of grasses was equal to or greater than 70% regardless of species
or treatment. Both blue grama and the buffel grasses had a high survival rate, 5 weeks after
transplanting in July 2016 (Figure 2). This elevated response was due to the high mois-
ture content of the soil during germination of the grass, which exceeded 26% of moisture
content.

However, in treatments with stubble application, the moisture content levels was higher
(P <0.01) than the rest, with records of 25.8% on the average (Figure 3). The stubble applica-
tion favored the growth and productivity of the grass. By increasing on the average the soil
moisture content by 5.4%, the amount of dry matter is raised by 73% without the application
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Figure 1. Rainfall during 2015 in the area near to the experimental area to San Luis del Cordero, Dgo, México (A) and
rainfall during 2016 in the area near to the experimental area to Mapimi Dgo, México (B).
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Figure 2. Percent survival by grasses with different types of treatments including stubble and hydrogel. Means with
different letters are significantly different from each other (P < 0.05).

of stubble. The use of hydrogel has significantly improved of the rate of germination, but not
influenced the amount of grass produced. Likewise, the introduced grass recorded a higher
yield, about 75.3% above the native grass; however, the yields of both grasses were above the
average reported for the region [49] (Figure 4).

With the incorporation of mulch to the soil for establishment of grasses it is possible to obtain
significantly higher results in relation to treatments without the addition of straw, having a
greater amount of vegetation of grasses and biomass [44]; also, improves soil moisture reten-
tion by reducing evaporation [43]. Equally, addition of vegetative mulches to have a positive
impact on the yield and profitability of the plants, which could largely be attributed to the
mulches modifying soil temperature and moisture and in controlling weeds [50]; moreover,
the cover crops and living mulches bring many benefits to crop production and plants, such
as soil erosion control, reduce weed pressure, increase soil organic matter content, improved
soil structure and water infiltration, decreased water runoff, reduced surface soil temperature
and water evaporation [51].

59



60 Grasses as Food and Feed

32 | + Without stubble + With stubble (20 ton ha™)
& y = 34.038e0-0% y =32.123e0
-
30 4 ® g R? = 0.9982 R?=0.9838
\\ ‘“-_“
.28 A ol -
??5 \\"\. \\‘*-.,_
) 26 A \"\\ “"\
§ ‘ \‘-"‘--. \-"\___
wn A -"'-. -
| S > +*_
= 22 ey e
- aaldl . ~a
a ‘0\\\ s -
s T e
18 - ““‘\h‘
16 -
14 - ; 4 . : :
10 20 30 40 50 60

Days after the rainfall (DAR)

Figure 3. Effect of mulching on soil moisture content at selected dates after treatment application. Means with different

letters are significantly different from each other (P < 0.05).

270
a
250
a
a
E 230 | N
=4
B
% 210" ¥
g b
QC 190 b
170
237.9 2201
150

208.5 210.9

O Introduced grass
@ Without stubble

B Native grass
010 kg ha™ hydrogel

O With stubble (20 ton ha™)
00 kg ha™ hydrogel

Figure 4. Effect of grasses and soil treatments dry matter yield. Means with different letters are significantly different

from each other (P < 0.05).

The yields obtained were mainly benefited by the high rainfall recorded in the area, which
was 346.0 mm, about 96 mm above the annual average in the area (Figure 1B) [47]. The direct
sowing of grass seeds and the application of stubble is suggest as the technique increases the
percentage of establishment and survival of the grasses. P. ciliaris has better advantage over
B. gracilis at initial phenological phases by undergoing higher survival rate and producing
higher yield. The results of the current study suggests the option of improving grassland
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Figure 5. Degraded area with high percentage of bare soil and dominance of undesirable grasses species (A) and
establishment of grassland and moisture retention practices with stubbles and hydrogel 1 year later in Mapimi, Dgo (B).

areas using technical and management options to mitigate the impact of drought, restore
degraded areas and carry out productive reconversion for grassland in arid and semiarid
zones (Figure 5).

4, Conclusions

The degradation of grasses is a phenomenon that gets worse every day and is caused by
several factors. The management of the grassland plays a key role to reducing the ecologi-
cal degradation process. Hence, studying and understanding the process of degradation of
grassland, as well as their economic and social impact, is considered necessary to develop
comprehensive strategies for their recovery.

Facing the challenge of recovering degraded grassland is now an urgent need. There are also
no doubts for scientists, producers and government officials that the degradation of the grass-
land is the prelude to desertification. This last problem, due to its dependence on human and
environmental factors, is complex. Hence, any alternative to avoid or diminish its effects on
man justifies the attention and effort, for which it is necessary to establish scientific strategies
where the costs of grassland recovery are reduced and public policies of credits and services
that stimulate the producers to prioritize this specific activity.

Finally, it is necessary to mention that man is the fundamental factor for the recovery of the
grassland ecosystem and improve its efficiency, provided that it has sufficient experience or,
acquire the necessary knowledge and skills in the priority issues for the application of exploi-
tation technologies, these appropriate to the existing climatic and socioeconomic conditions.
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