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Abstract

Effects of silvopastoral areas on dual-purpose cattle production at the
semi-humid old agricultural frontier in central Nicaragua

Wataru Yamamoto

CATIE/UWB

Cattle production in humid lowland tropics has been criticised for its extensive
management. Dual-purpose cattle production system has been preferred by small
and medium sized farms in such regions due to low capital and technical demands
with low risk for farmers. In order to quantify the effects on production of
silvopastoral areas in the dual-purpose cattle production system, relations between
land use patterns and seasonal production and herd data were examined for 74 farms
in semi-bumid regions of central Nicaragua.

The results showed that grazing lands were largely covered by tree cover (23 %
on average), and land use were largely composed of degraded pastures (32%) and
pasture with low and moderate tree densities (45%) The results of regression
analysis demonstrated the positive effects of degraded pastures (DGPS) (p<0.001),
natural and cultivated pastures with moderate tree density (MINP and MTCP)
(p<0.05), and cultivated pastures with low tree density (LTCP) (p<0.05) on milk
production. However, the negative effects of land use types under natural pasture
with low tree density on milk production (LTNP) (p<0.01) was also observed, which
may suggest overgrazing with higher stocking rates (p<0.01) on this land use type by
smaller farms. The results of herd survey showed that although cattle were
frequently moved from and to the farms, stocking rates did not differ by season
(p<0.05), and that calving rates were significantly high in the dry season (p<0.05),
resulting in significantly low milk production per cow (p<0.05) and tendency to have
high adult mortality rates.

The study concluded that silvopastoral areas are largely utilized for cattle
production with positive effects on milk production.  Further studies are
recommended on stocking rates and change of sward composition, feasibility study on
pasture improvement with use of fertilization and/or silvopastoral techniques, and
availability and nutritional values of broadleaved plants in dry season.
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Chapter 1 General Introduction

1.1 Introduction

Conversion of natural forests to pastures in the humid tropics of Central America has
been criticized as a main cause of deforestation (Parsons, 1976; Myer, 1981; Kaimowitz,
1996). Extensive cattle grazing conducted in tropical pasture with low nutritive value
(Minson, 1981) and low labour and capital inputs are exploitative for nutrients accumulated
in original vegetation (Kaimowitz, 1996, Sunderlin and Rodriguez, 1996). At the old
apricultural frontier in central Nicaragua, due to the political pressure during the civil war
in the 1980s, large cattle farms that had been abandoned during the civil war in 1980s were
divided into small and medium sized farms in the early 1990s (Levard et al , 2001). Asa
result, presently 90 % of cultivated lands in the lowlands are occupied by pastures, and
small farms comprise most of the total farms (NITLAPAN, 1995; Szott,et al., 2000).

Extensive cattle production systems are an important activity in the rural economy due
to their comparative advantages against other agricultural production: low requirement of
skill and labour, low risk, and easy transfer of products to market (Hetch, 1992; Muchagata
and Brown, 1999). In order to take advantage of family labour and overcome the
constraints imposed by limited land and capital, such small and medium sized farms are
largely engaged in dual-purpose (milk and meat) cattle production systems. The
dual-purpose cattle production system has been described as the traditional cattle
production system of family farms in the lowland tropics of Latin America (Sere and de

Vaccaro, 1985). Dual-purpose cattle production systems have been preferred by small



farms due to the advantages of 1) reducing risk from price changes of milk and meat, 2)
tittle need for capital investment, 3) less technical support required than for specialized
milk production, and 4) reduction of mastitis incidence because calves are pursed by their
mothers (Holmann, 1989). In order to mitigate deforestation, intensification (increasing
productivity per unit area) of existing dual-purpose cattle farms was recognized as an
important target in Central America (Nicholson et al., 1995).

Nicaragua is considered to be one of the poorest countries in Latin America with a
population of 5.3 million, a GNI per capita of US$720, and having 48% of the population
under the national poverty line (World Bank, 2004). The agricuiture sector comprises
32 % of the GDP. The cattle population has increased in the last few years reaching more
than 3.3 million head (FAQ, 2003). In particular milk exports have increased since 1996
reaching US$3.5 million in 2001, which is 30 times larger than in 1991 (FAQ, 2003).

In small and medium sized farms in central Nicaragua, cattle are traditionally produced
under extensive management They include natural or naturalized grass species with
naturally regenerated frees on pasture lands, thus forming heterogeneous grazing areas.
Pastures have been sown to a certain extent, including ones for cut and carry systems. In
addition, trees in grazing areas are considered to be beneficial for family farmers in order to
obtain fuel wood, timber, fence posts, and fruits (Harvey and Harver, 1999).
Consequently, farmers own a variety of pasture lands with natural and cultivated pastures
with different tree densities. In addition, the main type of cattle, crossbreds between Zebu
(Bos indicus) and European (Bos taurus) breeds, require tree shade for keeping cattle under
lower temperatures in order to have high milk production in lowland tropical conditions

(Souza de Abreu, 2002). Finally, in order to maintain production in the dry season,



farmers may move cattle to more humid areas, but the use of trees may help to supply dry
season fodder.

There is interest in increasing trees in pastures in the humid tropics in order to mitigate
the vulnerability of the land and to increase carbon sequestration. Many projects by donor
agencies attempt to increase the use of trees in livestock production, so called silvopastoral
systems. Such projects aim to obtain benefits of trees through intensification of livestock
production, diversification of products from trees and securing sustainability of existing
production systems (Murgueitio, 1990). Intensification may not be accepted by rural
farmers due to their socio-economic needs, their desire to increase land area as an
inheritance for children and problems associated with increasing labour (Kaimowitz, 1996,
Maldidier and Marchetti, 1996). Rather, management strategies based on ecological land
use to increase tree cover on pastures may be more promising to improve the sustainability
of cattle production while reducing negative impacts.

Trees in grazing areas may support cattle production in various ways: (1) improvement
of chemical and physical soil conditions (Horne and Blair, 1991; Belsky, 1992; Belsky et al ,
1993; Young, 1997), (2) stabilization of soil by protecting the soil surface from intensive
rainfall (Pereira, 1989), (3) supporting higher grass production through improved
nutritional levels and maintained moisture in the soil in the dry season (Young, 1997; Dur
and Rangel, 2000), (4) improvement of pasture quality (Wilson, 1982; Smith and Whiteman,
1983), (5) increased amimal production by improving the comforts for animals, and 6)
provide leaves and fruits as fodder for animals (Pezo et al., 1990; Pezo and Ibrahim, 1999).

However, the evidence of positive contributions of trees to cattle production in grazing

areas has mostly originated from limited-scale trials or experiments, The actual effects of



pastureland with low and moderate tree density on production in existing farming systems
have not been examined in detail at the farm level due to the variability caused by

differences between individual farms and seasons as well as technical difficulties obtaining

land use data for entire farms. The objective of this thesis is to examine the effects of
silvopastoral areas on caitle production in dual-purpose cattle farms under existing farm

conditions in order to contribute to potential modifications in land use, which will enhance

the sustainability of cattle production systems.

1.2. The objectives of the study

1.2.1. General objective

The objective of the study is to examine the effects of silvopastoral areas on production
in existing dual-purpose cattle production systems in the Matiguas region of central

Nicaragua.

1.2.2. Specific objectives

1) Characterise the main features of the farming systems within the study area,

2) Evaluate grazing areas with regard to pasture, tree cover and slope in dual-purpose
cattle production systems,

3) Describe the herd characteristics with regard to structwre and production in

dual-purpose cattle production systems,



4) Examine the effects of pasture with silvopastoral areas on cattle production and herd

2CcONnomics.

1.3. Hypotheses

Main hypothesis
Silvopastoral areas within dual-purpose cattle production systems in the Matiguas

region of central Nicaragua have positive effects on cattle production and herd economics.

Sub-hypotheses

- Grass cover of cultivated pastures under tree cover is higher than that of natural

pastures,

- Stocking rates are lower in the dry season than in the wet season .

1.4 Strategies and approach of the study

The study is intended to analyse the effects of silvopastoral areas on cattle production.
The study has five components: 1) general farm survey 2) pasture and tree survey, 3) land
survey, 4) herd survey and S5) analysis of the relationships between cattle production and
land use (Table 1.1). The general farm survey characterises the farming systems in the
survey area, and the pasture and tree survey evaluates grazing areas with regard to grass

. cover, tree cover and slope level. The land survey defines land types based on stand density




of trees, pasture types and conditions, and estimates the area and tree cover of each land
type in the farms The herd survey collected herd and production data and determines
standardised values in relation to production units. Based on the survey results, the effects
of 1and use types of silvopastoral areas were examined with reference to cattle management
of the farms. In the analyses, regression models were developed to estimate milk yield

based on land use parameters with herd and pasture parameters.
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Chapter 2 Literature Review

2.1 Introduction

This chapter covers general issues about deforestation, characteristics of tropical
pasture species and dual-purpose cattle production systems, grazing management, and
effects and use of trees in cattle production. Since each chapter is written as an
independent article in this thesis, the general issues are also covered in the introduction of

gach chapter.

2.2 Deforestation and pasture development in Central America

According to the United Nations® tropical forest survey report, southern Mexico and
Central America had a deforestation rate of 1.5 percent per year in the 1980s (FAO, 1993).
It was estimated that 82 percent of Central America’s original natural forest had
disappeared by 1989 (Myer, 1994). During the period of 1990-1995, natural forest cover
continued to decrease in Central America with an annual rate of 2.1 percent, which is the
highest in Latin America (UNEP, 2000). It was estimated that total deforestation in
Central America was around 400,000 hectares per year in the late 1970s and 300,000
hectares i 1990 (Kaimowitz, 1996). 1t is penerally recognized that deforestation in
Central America is a result of conversion to pasture (Parsons, 1976; Myer, 1981;
Kaimowitz, 1996). Geographically, pasture expansion has moved from dry areas of the

Pacific and central regions towards the more humid area of the Atlantic plains (Kaimowitz,



1996).

In Nicaragua, the deforestation rate was once reduced between 1983 and 1989 due to
the military conflict, but it increased again after the end of the conflict (Maldidier, 1993).
As shown in Figure 2.1, pasture area was reduced in the mid 1980s and increased rapidly

again in the 1990s.

R

Figure 2.1: Pasture development in Central America
(unit: million ha)
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Source: Szott et al. (2000).

2.3 Dual-purpose cattle production systems

:5 2.3.1 General characteristics of dual-purpose cattle productiop systems in Latin

5 - America



In Latin America, cattle production is an important activity in the rural economy due to

its advantages compared to other forms of agricultural production: low requirement of skill

and labour, low risk, daily income from milk sales, cattle as a savings, and easy transfer of

products to market (Hecht, 1992; Muchagata and Brown, 1999).

Dual-purpose cattle production (milk and meat) systems have been described as the
traditional cattle production systems of small and medium sized family farms in the
lowland tropics of Latin America (Sere and de Vaccaro, 1985). Dual-purpose cattle
production systems have been preferred by small and medium sized farms due to the
advantages of 1) reducing risk from price changes of milk and meat, 2) higher economic
productivity per area than meat production, 3) adaptation to the climate conditions of the
lowland tropics, 4) less capital investment and technical support required than for
specialized milk production, 4) reduction of mastitis incidences because calves are suckled
by their mothers (Sere et al., 1985; Holmann, 1989).

Dual-purpose cattle production systems in the lowland tropics are of intermediate
intensity, very efficient in the use of medium and poor quality forage resources, and
fluctuating in terms of quantity and quality in order to produce beef and milk at reasonable
prices (Sere and de Vaccaro, 1985). These systems are based on production from local
cattle of mixed Zebu, Criollo and European inheritance (Aragon, 1981). In dual-purpose
cattle production systems, milking cows are milked once in the morning and calves are kept
with their mothers for a certain time during the day until weaning (Aragon, 1981). After
weaning, generally male calves are sold and female calves are kept as replacement heifers.

In dual-purpose cattle production systems, cattle constitute the main capital investment
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in the system: very small allowance for depreciation is needed. Mating is patural or
uncontrolled, and calves are enclosed for the night frequently without access to feed or
water. Very few farms implement adequate health programmes for cattle. There is a low

calving rate, in the range of 50-60% (Sere and Vaccaro 1983).

2.3.2 Milk production of dual-purpose cattle production systems

Milk production of dual-purpose cattle in lowland tropics with calves and with limited
use of concenirates have been reported by several authors: Sere and de Vaccaro (1985) in
Colombia and Panama (750 and 950 litres/cow/lactation), Vaccaro et al (1992) in
Venezuela (700-1,000 litres/cow/lactation), and by Wilkins et al. (1979) in Bolivia
(600-1,200 litres/cow/year). Based on production data of FAC 1974 to 1989, Simpson
and Conrad (1993) estimated the average milk production in Central America, is 946-995
littes/cow/lactation. In Bolivia, Wilkins et al. (1979) observed that when grazed on
improved pastures and supplemented with concentrates, cows produced 2300 litres of milk
per year including approximately 700 litres consumed by the calf before weaning. He also
estimated that maximum milk production per cow with improved pastures without
concentrates was approximately 2,000 litres/year without the presence of calves.

In dual-purpose cattle production systems, generally calves suckle their mothers. The
advantage of this system is to produce calves, while avoiding mastitis, but saleable milk
production is reduced due to the milk consumption by calves. In addition, the presence of
calves resiricts mating at the early stage of the lactation period, resulting in longer calving

intervals.
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1.3.3 Intensification of dual-purpese cattle production systems

The intensification of dual-purpose production systems to increase productivity per
area were discussed by several researchers. Nicholson et al. (1994) found in dual-purpose
cattle production systems in Venezuela that using locally available feeds such as molasses
and urea is profitable and nutritionally feasible, but the results depend upon labour costs
and availability because feeding with supplementary fodder requires more labour. Other
studies reported for Central America showed that profitability of intensification of the
system is constrained by credit availability in Nicaragua and by high infrastructure costs in
Costa Rica (Holmann, 1999). Murgueitio (1990) proposed that intensification of cattle
production should be based on some advantages of the tropical environments: the high
potential for biomass production and genetic diversity of the plants, the use of sugar cane as

an energy source and diversified nitrogen fixing trees as protein sources.

2.4 Grazing management

Grazing management systems on farms can be largely divided into two main systems:
1) continuous grazing and 2) rotational grazing. Continuous grazing favours production
per head during the growing season due to the selective grazing by animals but may result
in overgrazing of palatable species. Rotational grazing can eliminate overgrazing, but
requires a greater level of managerial skill (Crowder, 1985). In rotational grazing, animals

are kept in fenced pastures (paddocks) where water is provided in each paddock. In
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geperal, animal performance does not differ significantly between the systems when the

grazing area is small, but rotational grazing shows better animal performance when the
grazing area becomes large (Heitschmidt and Tayor, 1991). In rotational systems,
paddocks may be occupied by animals for long periods with low stocking rates or for short
periods with higher stocking rates. Short duration rotational grazing is more common in
the humid tropics in order to take advantage of the rapid forage growth (Payne and Wilson,
1999). However, the costs of fence construction for paddocks and labour needs for

~ herding restrict farmers from using short duration systems.

~ 2.4.1 Stocking rate and productivity

Jones and Sandland (1974) examined the results of 114 experiments with stocking rate
for beef cattle in temperate and tropical regions and concluded that a simple linear
relationship could be used to predict production per animal as a function of stocking rates
(yo = a — bx where y, is animal gain/head and x is stocking rates expressed as
animals/hectare). It suggests that production per area (yx } 1S yy = ax - bx’. The Jones and
‘Sandland model illustrates that in order to reach maximum animal production per area,
stocking rate is optimal at only half of the stocking rates (a/2b) in order to maintain animal
::.'wei ght (Point ¢). This result implies that animal production per animal is higher with lower
- E'stooking rates because animals can select forages with higher nutritional value, while at

. higher stocking rates, animals need to consume the poorer parts of available forage (Bayer

:.-'and Waters-Bayer, 1998).
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A Figure 2.2

Relation between stocking rate and productivity by the
Jones Sandland model
)
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* 2.4.2 Stocking rates in rotational grazing

Stocking rate is defined as the number of animals of a specified class or amimal units
per area of land over a specified period of time (Heitschmidt and Tayor, 1991). One
'.;.'::.I'nethod of calculating stocking rates utilises livestock units (Upton, 1993) Bodyweights of
_éﬁimais of different types are converted into livestock units by using conversion factors
.. _..lzn._ased on the relative feed epergy requirements per head. In rotatiomal systems, the
__:S_‘Cﬁcking rates for each paddock may vary seasonally depending upon pasture growth. The
":é:ffective stocking rate for each paddock can be calculated as follows:

‘Stocking rate (livestock unit /ha/day) =

H erd size (livestock units) x Grazing period (day)

1;-'Afea of Paddock (ha) x (Grazing period + Resting period) (day)

14



2.4.3 Herd stratification for rotational grazing

Stratification of herds within the farms can be a tool to improve grazing management.
Animals can be grazed in different groups based on nufritional requirements, Lactating
* cows, young heifers and fattening steers have the greatest requirements. Cows with larger
unweaned calves, heifers approaching the age for first mating, and non-working bulls can

" be grazed on the nutritionally poorer pastures (Chesworth, 1992; Payne and Wilson, 1999).
2.5 Pasture management in the humid tropics
" 2.5.1 Pastures in the tropics

Tropical grasses in general have lower voluntary intake and dry matter digestibility
than temperate grasses due to the higher fibre contents associated with tropical climates
:';:_'-'(Mjnson, 1981). The reasons for low digestibility are a) thick epidermis and high
concentration of silica in the surface of forage, b) early lignification of vasculars tissues,
_.and c) high percentage of lignin (Gutierrez, 1996). High temperatures in the tropics
l_:; facilitate biochemical reactions towards ligmification of tissues, resulting in reduced
:.:'idigestibﬂity of the forage. As light intensity increases, concentration of soluble
;;-:_ICarbohydrate increases, but crude protein, structural carbohydrates, and crude fibre
' concentrations are reduced (Gutierrez, 1996).

Pasture can be classified in many ways (Table 2.1). Natural pastures are indigenous
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to the region or naturalized after a long history of introduction. Natural plants grow
without cultivation or sowing. Cultivated pastures are sown or managed specifically for
| livestock production in order to have higher nutrient values and/or growth rates and because

of ease of establishment and persistence. Natural pasture can contain palatable or
- non-palatable species, while introduced/cultivated pasture are generally palatable species.

" Some introduced pasture species is either cultivated or naturalized (e.g. H.rufa). Major

cultivars for the tropics are presented in Table 2.2,

 Table 2.1

Classification of pasture species
Type of | Precedence | Natural or | Palatable or | Examples of Pasture
classification cultivated non-palatable species
Native Natural Palatable Paspalum notatum
{Native) Non-palatable Paspalum virgatum
: Classification Introduced | Naturalized Palatable H ruyfa
Ischaemun ciliare
Cultivated Palatable Panicum maximum
B.brizantha H.rufa
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Table 2.2

.- (Characteristics of major cultivated pasture species

* p——

- purpurenum  (King
i grass)

: Crud
" Name Productivity ™ ? Digestibility Main Characteristics
Protein
~ [Unit DMt/halyear % %
y Resistant to spittlebug, low soil fertility
; on
Andropog 10-25 7-10  50-55 requirements, drought tolerance,
s .
gayani medium quality
Medium soil fertility requirements,
Brachiaria 2.20 714 50.55 medium tc? ‘high ql{aiity, re.sistance to
brizantha dry conditions, high resistance to
__ spittlebug, not tolerant to wet soil
: hiavia Low guality, long dormant period for
.Brac iat low 6.8 50-56 'q . ty g ‘P
" humidicola germination, tolerant to flooding
o High quality, medium to high soil
. Cynodon e . . .
~ 20430 10-15  60-70 fertility required, short resting period
. nlemfuensis . oy .
required, rapid lignification of stolon
Tolerant to dry/wet and trampling
. Hyparrhenia conditions, medium to low soil fertility
15 4-8 50-60 . . -
o rufa requirements, high fertility of seeds,
' lose green in dry season
_ High vyield and high soil fertility
" Panicum required, less tolerant to dry climate
, 10-30 10-14  60-70 o :
- maximum than Brachiaria spp., seed production
- all year
40-50 Medium yield and high soil fertility
) equired, appropriate management and
. Pennisetum  80-120 ) q“ ] PPIOP , 8 L
' 7-10 50-60 fertilization are required to imaintain

production, Normally cut every 50-70
days
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1.5.2 Pasture quality and grazing management

Stocking rates, grazing systems, and grazing intervals in rotational systems also affect
pasture quality. Longer periods of occupation and shorter periods of rest improve pasture
"lquality (Vickery, 1981). Vickery (1981) also noted that higher stocking rates can
:increased forage utilization and animal production per unit area through increased nitrogen
_.cycling and by changing the botanical composition of the pasture. Whiteman (1980)
suggested that longer rest periods in a rotational system reduce pasture quality, decreasing
::':the digestibility of dry matter and crude protein content. It has also been observed that
“pasture crude protein content was increased with higher grazing pressure because higher

: .tillering levels lead to better quality (Martinez et al, 1993).
2.5.3 Sustainability of pasture management

The main aspects of pasture management are 1) regulating grazing to maintain cover
“and production of palatable perennial grasses that are the forage base for livestock, and 2)
.::.: 11'miting mvasion or encroachment of unpalatable woody vegetation (Archer, 1996).
'_'_:I_Sustainable pasture management requires maintaining soil resources in order to ensure
_-3_'-:.1.Jroduction of favourable palatable vegetation, In the humid tropics the equilibrium of
.. .:grass and herbivores seems to be appropriate because rainfall is relatively constant and
j:'_.Dl‘edictable and the community is largely comprised of perennial plants (Tainton et al,,
. .1996). It is generally agreed that it is inevitable that pasture productivity in the humid

‘tropics will be reduced in the absence of fertilization or symbiotic nitrogen fixation by
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legumes (Humphrey, 1994; Fisher et. al., 1996).
12.5.4 Fertilisation for pasture production

Tropical grasses are capable of producing 50t DM/ha/year, but in practice, the yield is
Jess than one third of the potential (Minson et al, 1993). Fertilizer application may
improve and/or maintain pasture yield and mitk production. The response of grass to
nitrogen application varies, but generally high yielding grasses such as Panicum maximum
and Pennisetum purpurewm respond better with higher stocking rates.  Nitrogen
- application can increase pasture yield by up to 100kgDM/ha per kg of N applied (Gutierrez,
1996). The experiment of Panicum maximum with 200kg/ha/year of N application
_ showed that total digestible nutrient did not decrease during nitrogen application but
decreased after ceasing the application (Humphreys, 1987). Jones et al. (1995) observed
in a 20 year experiment of N and superphosphates with various stocking rates on mixtures
of Panicum maximum and Chloris gayana that the proportion of P. maximum declined
without N with higher stocking rate, but P. maximum became dominant with N application
and higher stocking rates. Gartner (1966), cited by Humphreys (1987), illustrated the
change of botanical composition between Pennisetum clandestinum, Paspalum dilatatum
and Axonopus affinis along with nitrogen application. Pasture species such as Brachiaria
brizantha and Andropogon gayanus have relatively low critical phosphorous levels
- (Gutierrez, 1996). In order to maintain the productivity of Pennisetum purpureum,
fertilization of N 50-75kg/ha/year, P 20kg/ha/year and K 50kg/ha/year should be applied

E_; (Peters et al, 2003). Hernandez-Garay et al. (2004) observed a weight gain response to
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three levels of N application (112-336 kg/ha/year) on various stocking rates (2.5-7.5
I_ bull/ha) in Cynodon nlemfuensis, and suggested that in order to be profitable with higher N
applications, stocking rates need to be sufficiently high. Moreover, it should be noted that
| pitrogen fertilizers may cause acidification through nitrification of NH; to NO;™ (Lal et al,
- 1989).

| Grasses respond well to nitrogen, but in general tropical legumes respond better to
phosphates than grasses (Gutierrez, 1996; Bayer and Waters-Bayer, 1998). In soils
- deficient in elements, phosphorous application can increase the legume contents up to ten

. times (Bayer and Waters-Bayer. 1998).
'Q 2.5.5 Legume-grass mixture

Legume-grass mixtures are favourable for cattle production for several reasons: 1)
'5'5: legumes stabilize soil nitrogen and organic carbon contents in the root zone and provides
. nitrogen for the grass by their nitrogen fixing capacity, 2) legumes provide higher animal

production through increased crude protein content of herbage and voluntary intake by

- cattle, 3) legumes mitigate seasonal reductions in forage production due to their abilities to

maintain growth during drier periods (Crowder, 1985; Humphreys, 1987; Crowder and
Chheda, 1982)

| However, management skills are needed to maintain legume-grass mixtures. In
- general, legumes cannot compete against grasses under fertile soil conditions (Bayer and
Waters-Bayer, 1998). In addition, legumes are more susceptible to diseases and pests than

grasses. In legume-grass mixtures, frequent grazing reduces total dry matter yield but may
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help to sustain the legume component due to the increased light availability for prostrate
species (Vickery, 1981). In legume-grass mixtures, well-timed grazing during the period
of strong grass growth in the early wet season may reduce competition from grass,
favouring the legume component. Since management of competition between grassrd and
legumed is not easy, compatibility of the selected species needs to be considered. In general
twining tropical pasture legumes are unstable under commercial stocking rates (Minson et
al,, 1993). Ibrahim and ‘t Mannetje (1998) concluded that Brachiaria brizantha and Arachis
pintoi showed high compatibility in systems with high stocking rated under humid tropical

conditions.

2.6 Fodder management in the dry season

In extensively managed cattle production systems in the semi-humid tropics with
limited supplemental feeding, production is directly affected by seasonality of forage
production. Fodder availability and quality in the dry season is critical to livestock
production  Crude protein content of mature grasses oflen drops below 1.5% (Crowder,
. 1985), which is far lower than the level at which microbial activity in the rumen is
depressed by lack of nitrogen (less than 7% CP). Weight loss of animals during the dry
season can be 50-60% of the weight gained during the wet season (Bayer and Waters-Bayer.
1998). Stocking rates during the dry season can be maintained by introducing improved
pastures, applying N fertilizers, and using grass/legume mixtures so that pastures have
higher crude protein level (Golding, 1985).

Small farms in the tropics, under extensive management and with limited use of
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- concentrates and/or fertilizer may not pursue either high production per animal or per area,
but are interested in acceptable production from locally available resources. They may
feed animals for growth when pood forage is available, but use other low quality feeds to
meet maintenance requirements when forage is in short supply Management strategies to
overcome problems associated with forage availability are to 1) reduce the number of
. animals, 2) conserve forage for the critical period, 3) use supplemental fodder from other
" gvailable sources, 4) use fallow as a source of fodder, and 5) use trees in grazing areas (i.e.

* introduce silvopastoral systems).

. 2.6.1 Forage conservation

Forage conservation is essential where fodder shortage is severe during the dry season.
Forage may be conserved as pasture reserves (range enclosure), conserved forage from
pasture as hay or silage, stored crop tesidues, and conserved other forage crops as hay,
silage or fodder banks (Bayer and Waters-Bayer. 1998). Pasture reserves are more
effective when used to feed those that would benefit most from supplementary feeding (e.g.
weaners) (Payne and Wilson, 1999).

| However, haymaking from tropical pastures is highly unsuccessful due to poor herbage
quality (Crowder, 1985). In addition, silage is not generally favoured because of the
'_: coarse stems, high crude fibre and low soluble carbohydrates of tropical pastures (Crowder,
1985). In order to have successful silage, most tropical forages need extra supply of sugar
j.:}': '. which allows micro-organisms to produce lactic acids and create a low pH environment for

- fermentation except for those that contain some starch and sugars from grain development
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(Choesworth, 1992). Dry standing hay has been a valuable forage source for ruminants.

Crude protein level of standing hay can be as low as 7% at the beginning of dry season

* (Golding, 1985).
'2.6.2 Supplementation using alternative feeds

Alternative feeds include non-protein nitrogen, plant sources and by-products.  Small
“farms in rural areas generally have access to plant sources and occasionally to non-protein

“sources for supplementary fodder.
_:'2.6.2,1 Non-protein nitrogen

Ruminants have the ability to use both protein and non-protein sources of nitrogen.
_:Non«protein nittogen (NPN) provides ammonia, which can be converted to microbial
:i)rotein by micro-organism in the rumen. Common non-protein nitrogen sources in
:Centrai America are urea and poultry waste. Urea contains about 46% N which is

.;:_e'quivalent to 287% CP and poultry waste contains 50-60% CP (Chesworth, 1992).
f.';".2.6.2.2 Plant sources

- Crop residues, tree leaves and fruits, surplus vegetables and fruits and cover crops can
'-"56 used as fodder in the dry season. Cereal grains are usually expensive due to the low

Efl_ﬁ"é\arels of production in the humid tropics and the demand for them as human foods. Crop
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 residues available in Central America include a variety of forages such as maize stover,
leaves, pods and stems of grain legumes, sugar cane residues and cassava leaves. Crop
liz_lresidues are generally low in nutrients, but when supplemented with small amounts of
-~ energy, untreated crop residues plus urea, or ammonia treated residuals have maintained
:'_'..cattie weight (Golding, 1985). Sugarcane (Saccharum officinarum) maintains a relatively
I constant nutrifive value as it matures due to its increasing sugar content and decreasing
__'_.digestibility of the fibrous components (Golding, 1985). In Costa Rica, bananas rejected
;:'- for export are successfully utilized for cattle feed (Golding, 1985) and did not show
;3.5:differences in live weight gain from the supplement of Erythrina protein bank (Ibrahim,
_2.000).‘ As fodder from trees, legume trees have leaves rich in crude protein, vitamin and
:...-.";ninerals. Due to the deeper root systems, the nutritional quality of free leaves tends to

change less during the dry season (Pezo et al., 1990).
©2.6.3 Fallow grazing

The land unused for organic matter accumulation when weeds surpass after years of
Cﬁltivation is generally called fallows (Amon, 1987). Fallows can be an important fodder
#éurce for animals in the dry season. In woodland areas managed under grazing, herbaceous
:-;;édergrowth of trees is grazed, but leaves, fruits, pods, and seeds of trees are also an
iiﬂpoﬂant forage source. Several authors have reported fallow grazing in Central America.
Aifaro and Rojas (1992) explained that leaves and fruits of legume trees such as Mimosa
?é_humora. Gliricidia sepium, Pithecellobium dulce, and Enterolobium ciclocarpum in

faﬂow areas are consumed by cattle during the dry season in the Pacific side of Costa Rica.
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For the Pacific side of Honduras, Kass et al. (1993) described cattle grazing under
short-term fallows with Mimosa tenuiflora after maize-sorghum cultivation. This system
'.'.helps maintain soil fertility with low levels of external inputs (e.g. labour, fertilizers and
: pesticides). In Guatemala, Flores-Ruano (1994) observed that cattle and goats consumed
-.'Guazuma ulmifolia, Gliricidia sepium, Erythrina berteroana and Spondias spp. In West
-Aﬁ—ica it was observed that some fallow fields have a relatively high proportion of palatable
itlegumes, thus providing better quality diets to animals than the natural range (Bayer and

_Waters«Bayer, 1998).
2.7. Pasture Degradation
'2.7.1 Definition

Pasture degradation can be considered as a negative change of pasture conditions
_(quality, productivity and botanical composition) through ecological and environmental
changes or simply as a decrease in pasture quality that reduces animal production (Szott et
al, 2000). It has been stated that pasture degradation is the most serious problem in cattle
.."IIJ.roduction in Central America (de Groot et al,, 1996; Szott et al., 2000).

Pasture productivity may decline after years of grazing due to lack of appropriate
: ft_srtilization or combination with legume as well as the encroachment of weeds and low
E_q_'liality naturalized grass on the sown pasture. In grass-based pastures, it was observed
:__f::.ﬂ.lat pasture productivity decreased due to the gradual immobilization of N in the system

- (Humphreys, 1987),
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:'2.7.2 Pasture degradation caused by soil degradation

Pasture degradation can be caused by soil degradation as a result of overgrazing,
.'-..pa;ﬁcularly when combined with frequent burning. These practices often lead to soil
?.::.c.iompaction and loss of nutrient and organic matter in the soil {Szott et al., 2000). Soil
:-;.'degradation is defined as diminution of soil quality (cumrent and potential) and/or a
feduction in its ability to be a multi-purpose resource due to both natural and man-induced

:: 'éauses (Lal et al., 1989).

. It has been argued that lower pasture productivity is inevitable in extensive livestock
i)roduction systems in the humid tropics in the absence of fertilization or symbiotic nitrogen
:-.:'.ﬁxation by legumes (Humphrey, 1994; Fisher et al., 1996). Since tropical grasses in
general have poor nutritional values due to the lower voluntary intake and dry matter
':&igestibiiity (Minson, 1981), farmers may need to eliminate woody weeds in pastures by
"_-_:'_weeding or burning. Pasture productivity may increase for a short time by burning due to
:'.:_.':i'rnproved soil fertility and the elimination of woody weeds, but productivity may fall
.-;':"afterwards due to the loss of organic matter (Da Veiga, 1995). Invasion by undesirable
jf.: :\;\/eed plants may be worsened when this practice continue. Boddey et al. (2000) reviewed
f:;'_:thc process of pasture degradation and suggested that it is important to apply 25kg P and
15kg K/ha/year in order to maintain pasture productivity.

: Reduction of nutrient contents in the soil occurs after overgrazing. Soil N is the first
":_':si;onstraint for pasture production, and mineralization of organic matter is the main source of

nitrogen (Humphreys, 1994) Sermao et al. (1978) found that in Oxisols and Ultisols,
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Epasture productivity fell as a consequence of overgrazing due to the loss of P in the soil and
:particularly when the clay content of the soil was high. Da Veiga. (1995) also suggested
'ilhat under low soil fertility, the availability of P is the critical element for pasture stability
igince N, K, Ca and Mg do not suffer great losses. However, the extraction of phosphorus
i)y animals is limited since most of the phosphorus extracted is for bones and teeth.
'_;fherefore, it is suggested that phosphorus changed forms in the soil and became
-_';jnavaiiabie due to the lowered pH which was caused by the reduction of organic matter
':ffom overgrazing. Organic matter maintains soil pH by producing organic acids which are
.'féspnnsibie for the removal of large quantities of base-forming cations (Na*, Ca**, Mg™", K,
| :é;fc,) by dissolution and leaching, thus contributing to a reduction in acidity (Brady, 1990).
Asper et al. (2004) found in the Amazon Basin that aboveground and soil C and P stocks
:_'decreased with pasture age and that the decline of plant biomass is correlated with the
'Ireduction of C, available P and Ca in the soil. RongGui et al. (2003) also found in China
i"tilai: reclaiming grasslands from farmlands resulted in a sharp decline of organic phosphorus

: m the soil.
g 2_.7.3 Pasture degradation and changes in botanical compesition

a Pasture degradation may simply be loss of vegetation cover of desirable pasture species
on the ground. Muller et al (2004) observed different levels of degradation of Panicum
f;f_r;_iaximum followed by Andropogon gayanus in Brazil and found that soil butk density at the
.ﬁ "_t'épsoil increased but organic carbon and total nitrogen did not differ between pastures

l}i_lder different levels of degradation. Lilienfein and Wilcke (2003) compared different
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cosystems 1 the Brazilian savanna and concluded that there were no significant

:.':_'diﬁ'erences in total C, N, P and § storage between productive pasture and degraded pasture.

- Soares et al. (2001) concluded after a seven year experiment that application of P,Os every

two years increased dry matter yields but did not prevent pasture degradation.

. The loss of pasture cover may be caused by poor weed control (Szott et al, 2000).

:'I;asmres encroached on by unpalatable weeds may easily allow more invasion due to

"évergrazing of palatable species, heading to an initial stage of succession toward original

: ___\::egetation (Wiseman, 1978).

Botanical composition may be changed by different grazing pressure due to the

'-__&ifferent resistance of pasture species. Deterioration of botanical composition by

'c.:)ﬁvergrazing may occur due to an increase in unpalatable or toxic plants (Humphreys, 1994;
:'_'3 Bayer and Waters-Bayer, 1998). Stobbs (1969) observed a higher rate of weed invasion
_i_..;:.under higher stocking rates between Hyparrhenia rufa and Sporobolus pyramidalis
':'_:_._'(Humphreys, 1987). In the short-grass prairies of the United States, bunchgrass, (Agropyron
'.'.'.c:z’esertorum) which grows well under heavy grazing, can effectively replace the native
__..-";pecies A. spicatum which is favoured by lower grazing intensities (Aber and Melillo,
1991). Humphreys (1987) reported that grassland on loose textured soil in India lost
bichanthium due to its high palatability as grazing pressure increased. Over time, the
ﬁastures were dominated by Cynodon dactylon and Eleusine compressa, then Aristida spp.

and then by annual Cenchrus biflosrus. They were finally dominated only by unpalatable

annual weeds and bare soil.

2___-3 Effects of trees on livestock production in the humid tropics
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The use of trees has multiple effects on livestock production. There are direct effects

~on animals and also indirect effects through pasture, fodder and soil. By using trees,
Jivestock production may become intensified, diversified and more sustainable, thus aiding

soil conservation.
-2.8.1 Effects of trees on soil conditions

Trees increase organic matter levels in soils resulting in an increase in the quantity of
::.'iﬁmeralizable nitrogen, lower bulk densities, and an increase in available phosphorous
:_E..'through higher litter accumulation (Belsky et al., 1993; Young, 1997). Trees, particularly
:E.__:_l.eguminous species improve soil fertility. Belsky (1992) found in Kenya that grass growth
and nitrogen, phosphorous, potassium, and calcium contents in soil were higher under
:-:'..'gcacia tortilis and A. digitata. Montagnini and Sancho (1994) found on abandoned
:.:'.:[')astmes in Costa Rica that net nitrification potential rates under plantations of
S'tryp]modendmn microstachyum and Dalbergia tucurensis were higher than under
::_-':':ﬁon-leguminous frees and were comparable to those in secondary forests

Trees contribute to soil stability by protecting the soil surface from the effects of
: intensive rainfall in the humid tropics. Organic litter provided by trees on the soil surface
- Wlth high pore spacing contribute to the development of roots and soil fauna, maintaining a
lower water table and higher infiltration capacity in the uppermost layers (Hamilton and
?_earce, 1987; Pereira, 1989). As a result, trees on slopes slow torrent flow and they

Si_llooth the peaks of stream flow preventing soil erosion for a given watershed during
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intensive rainfall (Hamilton and Pearce, 1987; Pereira, 1989).

.. Soil under trees may be influenced by the presence of more animals who look for the
f:cooler environments during hot temperatures. Soil under shade frees may have more
:-'Ex;itrogeﬂ because of animal excrements, but soil may be more compacted due to higher

:"pressure of animal trampling (Agiiero and Alvarado, 1983), which potentially causes lower

“grass yields .
12.8.2 Effects of shading on pasture

The magnitude of shading produced by trees depends upon the species, density, height,
;:'ﬁhysio}ogy and spatial arrangement of trees. Since most tropical grasses are C,4 plants
*__i_évhich have maximum photosynthesis levels at high radiation, radiation reduction by
shading can reduce pasture production (Minson, 1981; Shelton, 1987; Somarriba, 1988).

.. However, soil under tree cover may support a higher level of grass production in the
dry season due to the higher water holding capacity of the soil and the lower moisture loss
':'__'through evaporation as a consequence of lower temperatures in the daytime (Horne and
:"'Blair, 1991; Young, 1997). Dur and Rangel (2000) found under simulated sub-canopy
::.:"environments that soil from under trees enhanced nitrogen levels and even under 70%
.Z_:-_Iéhade conditions, produced higher dry weight of P. maximum than soil under full sun.
Zf}.:Wong (1990) reviewed shade tolerance of tropical pastures and highlighted the importance
@f shading when nitrogen is not sufficiently applied.

. Shading has positive impacts on pasture quality. Shading increases crude protein but

- Teduces non-structural carbohydrates in forage grasses (Wilson, 1982). Shaded plants
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| have thinner leaves and higher nitrogen concentrations than unshaded plants (Smith and
.'IWhiteman, 1983). Under shading, plants have higher leaf to root ratios. In genmeral
_.'.radiation has a larger impact on grasses than legumes in the tropics (Wilson and Ludiow,

: 1991) because legumes are favoured by lower temperatures.
2.8.3 Effects of leguminous trees on pasture production

It has been found that leguminous trees improve biomass production and nutrient
values of pasture through nitrogen fixation. Pezo et al. (1990) compared intercropping
"ﬁrith the leguminous tree, Pord (Erythrina poeppigiana) and the non-leguminous tree,
Laurel (Cordia alliodora) and observed higher dry matter yields and significant increases in
'_'crude protein contents in African star grass (Cynodon nlemfuensis) when associated with
.:leguminous trees. Benavides et al (1994) conducted a two year experiment with Pord
'.(Erythrina poeppigiona) and King grass (Pennisetum purpureum) in Costa Rica and
observed that the total biomass production was higher in pastures with trees than without
_'_.'_frees‘ Bolivar (1999) observed higher pasture production of Brachiaria humidicola sown

Wlth Acacia mangium (3m x 8m, 11m height on average) than in monoculture.
' 2‘8.4 Effects of trees on animal production

Trees can have direct effects on animal production through shading, shelter, and
-:'_'.f.é_’eding» The environment under frees is considered to have 2-3°C lower temperatures

(Wilson and Ludlow, 1991). Shading by trees in grazing areas may improve animal
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'ﬁmduction: increased forage consumption by increased grazing and ruminating time,
}éduced water requirements, improved feed conversion efficiency, increased weight gain
and reproduction (Pezo and Tbrahim, 1999). In particular, pure breeds and crossbreds of
féumpean origin (e.g. Holstein, Jersey, and Brown Swiss) require lower ambient

'.témperattu’es for high milk production (Cowan et al., 1593).
2.8.5 Use of trees for animal fodders

.  Leaves and fruits of trees have the potential to provide fodder for animals By feeding
::éiiimals with tree fodder as supplements, farmers can prevent weight losses when the basal
'&iet is nufritionally poor  Especially the leguminous tree leaves are rich in crude protein,
Riitamins and minerals. The nutritional quality of tree leaves tends to be maintained from
s:;:éason to season whereas the quality of grasses decline in the dry season (Pezo et al., 1990;
:::Iéezo and Ibrahim, 1999) However, the conditions and performance of animal may be
:'_.v:vorsened due to the presence of toxic secondary metabolic compounds [e.g. lower
:&igestibility of protein by tannins (eg Caliandra calothyrsus), poor growth and
:.:r'eproduction and eye problems by mimosin (e.g Lewucaena leucocephala) and low
:"_Consumption and weight loss by cumarin (e.g Gliricidia sepium)] (Norton, 1994; Pezo and
_.:Ibrahim, 1999). Soca et al. (1999) compared the nutritive values of Albizia lebbeck in the
dl)’ and wet seasons and concluded that this species is valuable as dry season fodder.
:'.I:’alma et al. (1999) found no seasonal differences in crude protein, crude fibre, or organic
.'II:natter digestibility of Leucaena leucocephala and Calliandtra calothyrsus.  Crude protein

and in vitro forage digestibility of major trees found in pastures in Guanacaste, Costa Rica
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.-"Qre shown in Table 2.3
29 Silvopastoral systems

Silvopastoral systems (SPS) are livestock production systems that include trees with
-..'ﬁ.'astures and animals in order to improve sustainability under integrated management in the
Ezlilong—term (Pezo and Ibrahim, 1999). The potential role of silvopastoral systems is to
f"'l.)'r.oduce material outputs (e.g. fuel, fruits, timber, fodder, fences) and/or services to create
.':ﬁ;iangibie benefits (e.g. shelter, soil fertility, soil erosion control, wind breaks) (Torres,
E;l983). Silvopastoral systems can be classified into several types based on functions and
;3.'s'tructures of trees in pastures, namely: 1) live fences, 2) protein banks, 3) alley farming, 4)
:_dispersed trees in pastures, 5) grazing under forest or fruit plantations, and 6) wind breaks

“(Pezo and Ibrahim, 1999).
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Table 2.3

'Crude protein and in vitro dry matter digestibility (IVDMD) of leaves and fruits found
in pastures in Guanacaste, Costa Rica

Species Local names CP (%) IVDMD

Leaves
Gliricidia sepium Madero negro 175 518

:Pithecellobium saman Cenizaro 19.9 412
Spondias purpurea Tocote 13.7 554
Tabebuia ochracea Cortez amarillo 16.7 40.6
Piscidia carthagenensis Pellejode toro 155 41.7
' Ehterolobium cyclocarpum Guanacaste 17.4 36.0
Iysiloma divaricata Quebracho 10.2 475
‘Guazuma ulmifolia Guacimo 124 48.1

Fruits

Enterolobium cyclocarpum Guanacaste 162 79.0
: Pithecellobium saman Cenizaro 16.2 73.7
Spondia purpurea Jocote 3.2 956
| Mangifera indica Mango 1.8 954
 Piscidia carthagenensis Pellejode toro 19.6 52.1
- Guazuma ulm ifolia Guacimo 57 61.7
Lonchocarpus minimiflorus Chapemno 16.0 48 2
'_'_"Bauhinia ungulata Casco de venado 10.1 59.0

- Cresentia alata Jicaro 58 60.6
_ Source: Pezo and Ibrahim, 1999, '

2.9.1 Characteristics of major silvopastoral systems

Live fences to divide grazing areas into paddocks by using trees are traditional used in
_. Latin America. Holmann et al. (1992) estimated that live fences cost 46% less than
conventional fences. Farmers can obtain posts and fuelwood from live fences thus reducing

the pressure on natural forests. Common species utilized for live fences in Latin America
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" are 1) trees for cattle forage such as Madero negro (Gliricidia sepium), Poro (Erythrina
3"b:érteroana), Leucaena {Leucaena leucocephala), etc. 2) fruit trees such as jocote (Spondias
3 é:urpurea), Marafion (Anracardium occidentale), etc. and 3) timber species such as
:.f'.j.inocuabo (Bombacopsis quinatum), Cipres (Cupressus lusitanica), Cedro (Cedrella
:".bdorata), Teca (Tectona grandis), Eucaliptus spp., etc. (Pezo and Ibrahim, 1999).

. Forage banks are one technique to conserve forage in high density blocks. Forage
:;b:énks are generally established near the place where animals are supplemented. Forage
banks can be used for protein or as an energy bank depending upon the purpose of the
:j'éétablishment. By using forage banks, production per unit area and/or stocking rates can be
i’ﬁcreased, but more labour work are needed for cut and carry or maintaining the trees at a
:'_E_:.héight that animals can reach for browsing (Pezo and Ibrahim, 1999).

Alley cropping is one type of agroforestry technique used to establish cultivation of
| a%lnual crops in between the lines of fast growing trees. Trees are periodically thinned and
the pruned branches and leaves are left as mulch (Pezo and Ibrahim, 1999). Alley cropping
| :.ystems can be established as cut and carry systems with high yielding grasses (Pennisetumn
- _pizrpureunz or Panicum maximum) and leguminous trees (Librero et al, 1994). Alley
; _Qropping systems can also be used for erosion control on steep slopes.

| Cattle can be grazed in forest or fruit plantations. Caitle grazing in coconut, palm oil
and rubber plantations is common in Asian countries (Chen, 1990, Shelton, 1990; Chong et
ai, 1990). In Latin America, grazing in fruit plantations including mango, orange, Pejibaje
. afion (Anacardium occidentalis) are common practices (Lascano
and Pezo, 1994). Advantages of grazing in plantations include increased and diversified

Qf_- income, improvement of soil conditions, and weed control, but disadvantages are
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damage to the trees by animals, tree diseases transmitted by pastures, limited species
selection, etc. In general, the use of shade tolerant pasture species, lower tree densities and
Jower stocking rates are the main characteristics of this type of silvopastoral system. Couto
et al. (1994) observed Eucalyptus plantations in Brazil and suggested that there was no
differences in tree survival between grazing and no grazing. Sharrow et al, (1992) also
found limited free mortality from sheep grazing in Psedofsuga menziessi plantations.
Grazing can simply be utilized as weed control in plantations starting at early stages after
trees reach a certain height and continue until the canopy closes.

Wind breaks can be established for protection against cold wind and rain for animals
and for pasture, Wind breaks are particularly important for seasonally dry areas since it may
lengthen the availability of forage in the dry season (Pezo and Ibrahim, 1999). Wind
breaks can be established as live fences thus utilizing their forage, fruits, fuelwood, posts,
etc. but need to be protected from excessive browsing by animals in order to prevent wind

from passing.

2.9.2 Dispersed trees in pastures

Dispersed trees in pastures are considered to be one type of silvopastoral system with
relatively extensive management using natural regeneration. The establishment of
dispersed trees in pastures depends upon farming practices for grazing and tree stand
management, climatic and topographic site conditions, and the physiological characteristics
of the trees species. Farmers maintain trees in pastures as shelter for cattle; a source of

future timber; fence post; fuelwood and fruits; maintenance of humidity in grass during the
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dry seasons; wind protection; organic inputs; and soil fertility (Harvey and Haber; 1999).
Farmers manage the density and spatial arrangement of trees through selective thinning, site
enclosure to promote natural regeneration, tree planting, changing animal pressure, the use
of herbicides and the introduction of exotic pastures or tree species (Pezo and Ibrahim,
1999). The use of low stocking rates may encourage successional recovery of woody
plants, while high stocking rates may decrease above and below ground herbaceous
biomass thus lowering the capacity of palatable herbaceous plants (Archer, 1996).
Nepstad et al. (1991) found that forest growth on abandoned pastures is restricted by low
propagule availability, seed and seedling predation, seasonal drought and root competition.
He also found that forest growth was the slowest on pasturelands where bulldozers have
been used.

The formation of dispersed trees in pastures are related to farm types. On farms under
extensive management, dispersed trees may grow better due to lower stocking rates In
Colombia, Cajas-Giron and Sinclair (2001) found higher density of dispersed trees in
pastures in drier areas with lower soil fertility where the production system is more
extensive. However, when cattle grazing is combined with annual crop production, farmers
may remove more trees. Souza de Abreu et al. (1999) observed in Costa Rica that dairy
farms, which are more concentrated on livestock production, have more trees than farms
with crop production.  Archer (1995) illustrated the conceptual model of grass and woody
plant interactions in grazing ecosystems (Figure 2.3). The model predicted the existence of
transition thresholds between grasslands and woody plants It should be noted that lower
grazing pressure supports both forest and grasslands formation, thus higher stocking rates

may support the establishment of woody plants on pasturelands by removing pressure from
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palatable grasses. Pezo and Ibrahim (1999) summarized the utilization of dispersed trees in

pastures in Central America (Table 2.4).

Figure 2.3 Conceptual model of grass and woody plant interactions
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Table 2.4
Dispersed trees in pastures and their utilization in the semi-humid tropics of Central

America

Species Local name Fodder Fuel  Timber Shade
Acacia farnesiana Espino blanco XX X

Acacia mangium X XX

Albizia guachipele Guayaquil XX X
Cedrella odorata Cedro XX

Cordia alliodora Laurel XX

Croton gossyfolius XX

Enterolobium cyclocarpum Guanacaste X X XX
Ficus spp. Higueron X XX
Gliricidia sepium Madero negro XX X

Guazuma ulmifolia Guacimo XX X

Hymanaea courbirol (Guapinol XX
Inga spp XX

Leucaena spp. Leucaena XX X

Mangifera indica Mango X XX
Pithecellobium saman Cenicero X XX XX
Psidium guajaba Guayaba XX X X
Swietenia macrophylla Caoba XX

Tabebuia rosea Roble de sabana XX XX

Tabebuia ochracea Cortez Amarillo XX X

Terminalia ivorensis XX

Vochysia ferruginea Chancho Colorado XX

Modified from Pezo and Ibrahim, 1999.
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Chapter 3 (Article 1)
Characterization of dual-purpose cattle production systems in the

Matiguas region of central Nicaragua

Key words: Land use, farmer objectives, herd characteristics, productivity

Abstract

In order to characterise the socio-economic conditions of farmers, herd management,
and productivity of dual-purpose cattle production systems in the Matiguas region of
central Nicaragua, results from 43 farmer interviews were analysed The study results
showed that farmers were rather new in the area (10.3 years on average), and were largely
engaged in cattle production combined with crop production (corn and beans). Family
members (average of 6.2 members) were the main labour resources, but farmers frequently
employ permanent and seasonal labour. Farmers preferred to increase the number of
animals than to improve or increase fencing, pastures, or land area. On average, farms
had 33 4 heads of cattle, 66% of which were cows, and the average stocking rate was 0.98
LUMa. P maximum and H rufa were the main cultivated pastures, but natural pastures
occupied approximately half of the pasturelands. B. brizantha and Pennisetum spp. for cut
and carry systems were recently sown pasture species, Ninety five percent of farms used
salt and 65 % of farms used molasses as supplementary feeds for caftle, but the amount of
molasses fed seemed to be limited. Eighty eight percent of the farms had Brahman x

Brown Swiss crossbred animals, mostly 1/2 to 3/4 Ewropean blood. The sales from cattle
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production was US$6,840/year/farm (net income US$4.1/day per family labour), 65% of
which comes from milk production. Average milk production was estimated as 1,056
litres/lactation, with gross margins for cattle production of US$205/LU and US$164/ha
Gross margins were higher than expected, given the low average milk yield, but it is
explained by the low average variable costs (US$ 476/year), which were equivalent to only
7% of the annual sales from cattle production. The proportion of cut and carry forage had
positive effects on daily milk production and the annual gross margin per hectare (P<0.001
in both cases) as well as annual animal sales (P<0.05) The proportion of area of B.
brizantha was positively correlated to annual sale of animals per hectare (P<0.001),
suggesting that pasture improvement supported higher cattle production. Considering
higher milk price in the dry season and the obstacles to obtain locally available supplements,
producing cut and carry forage may be an acceptable option for farmers, particularly for
middle sized farms which have available farm lands though labour may be a constraint for
the implementation. Further studies are recommended on the feasibility of pasture
improvement with special attention to labour and land availability as well as the use of

credit
3.1 Introduction

Conversion of land from tropical forest to pastures has been criticised as a cause of
deforestation in the humid tropics of Central America (Parsons, 1976; Myer, 1981,
Kaimowitz, 1996). Cattle production in the humid tropics is constrained by the low

productivity and low nutritional value of pasture and is commonly conducted with low
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labour and capital inputs; therefore, pasture areas are commonly degraded after years of
grazing (Minson, 1981; Kaimowitz, 1996; Sunderlin and Rodriguez, 1996; Szott et al,
2000). On the other hand, extensive cattle production is an important activity in the rural
economy due to its advantages compared to other forms of agricultural production: low
requiremnents of skill and labour, low risk, daily income in the case of milk, cattle as savings,
and easy transfer of products to the market (Hecht, 1992; Muchagata and Brown, 1999).

Dual-purpose cattle production (milk and meat) systems have been preferred by small
and medium sized farms due to the following advantages: 1) reduced risk from changes in
the price of milk and meat, 2) higher economic benefit per unit of area than meat
production, 3) adaptation to the climatic conditions in the lowland tropics, 4) less capital
investment and technical support required than for specialized milk production, 4) lower
mastitis incidence because of calf suckling (Sere and De Vaccaro, 1985; Holmann, 1989;
Souza de Abreu, 2002).

Nicaragua is considered to be one of the poorest countries in Latin America. It has a
population of 5.3 million, a per capita GNI of US$720/year, and 48% of the population is
under the national poverty line (World Bank, 2004). The agriculture sector comprises
32 % of the GDP. Cattle production is an important economic activity in Nicaragua. The
cattle population in Nicaragua has increased in the last few years reaching more than 3.3
million heads in 2001 (FAQ, 2003), In particular milk exports have increased 30 times in
the last 10 years reaching US$ 3.5 million in 2001 (FAO, 2003).

At the old agricultural frontier in central Nicaragua, large cattle ranches that had been
abandoned during the civil war in the 1980s were divided into small and medium sized

farms in the early 1990s (Levard et al.,, 2001). As a result, small farms comprise most of
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the total area and presently 90 % of accessible cultivated land in the lowlands is occupied
by pastures (NITLAPAN, 1995; Szott, 2000). In order to take advantage of family labour,
and being constrained by limited land and capital, such small and medium sized farms in
the region are largely engaged in dual-purpose cattle production. Existing dual-purpose
cattle farms were recognized as one of the key targets for intensification of cattle
production in Central America (Nicholson et al., 1995). In order to increase productivity,
it is important to understand the farming systems of dual-purpose cattle production. The
objective of this study is to characterise dual-purpose cattle production systems in the
Matiguas region of central Nicaragua. The study first provides a description of the
dual-purpose cattle production farms (land use, objectives, herd and pasture characternistics,
and production indicators), then examines the effects of pasture improvement and herd

parameters on productivity by correlation and multiple regression analysis.

3.2 Materials and methods

3.2.1 Study area

The study area is located in Matiguas Municipality in Matagalpa Department, central
Nicaragua: Latitude 12° 50° North and 85°27° Longitude East at the town of Matiguas. The
altitude is 200-500m above sea level. The climate of the study area is semi-humid tropical
with a well-defined dry season between February and May (savanna (Aw) by Koppen
climate classification). Annual rainfall varies from 1,300 to 2,000 mm, while temperature

fluctuates between 28 and 32°C. Topographically, the land is generally flat with modest
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slopes (0-30%) but with small areas of steep slopes (> 30 %) (INTA, 1998).

The population density in the study area was approximately 29 inhabitants/km® (Levard
et al, 2001). Seventy seven percent of the families live in the rural areas, and the
illiteracy rate is approximately 40% (INIFOM, 1996). Cattle production is the main
economic activity in the region and pastures dominate the lowland areas (altitude <400m )
(Maldidier and Marchetti, 1996). Eighty four percent of the cultivated area in Matiguas is
occupied by pasture, and corn/bean and coffee cultivation occupy only 14% and 2%,
respectively (Levard et al, 2001). The soils are generally heavy clayey, which are
difficult to cultivate with light equipment and are thus more suitable for cattle production
than for crop cultivation (Levard et al , 2001).

The Matiguas region is considered to be “the old agricultural frontier” where large
immigration, with people seeking land for extensive grazing to meet the demands of the
international meat market, occurred in the late 1940s after World War II (Maldidier and
Marchetti, 1996). Due to the political pressure during the civil war in the 1980s, large
cattle ranches were abandoned and in the early 1990s these lands were divided into small
and medium sized farms and made available to landless farmers (Levard et al, 2001).
Since the second half of 1990s, the production of coffee, cattle and cacao have increased
through the increased sales to El Salvador and technical assistance by the government and

NGOs.

3.2.2 Farm selection

This study was based on farm interviews conducted as a baseline survey for the
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“Regional integrated silvopastoral approaches to ecosystem management” project,
undertaken by CATIE and NITLAPAN under the scheme of the Global Environment
Facility (GEF) of the World Bank.

The Matiguas region is divided into four zones based on agro-ecological conditions: 1)
relatively flat areas near the town of Matiguas where medium scale cattle farm f:nterprises
are present (annual precipitation 1200-1600mm); 2) the south-eastern part of Matiguas
where medium scale cattle farms are present under more humid condition (>2000mm p.a ),
3) north-western Matiguas where intensive farms are present in the highlands (>500m
above the sea level); 4) the central part of the municipality and north of the town of
Matiguas with steeper slope (30-50%) and moderate precipitation (1600-2000mm) (Levard
et al, 2001). Sample farms were selected from two micro-watersheds: Limas and Paiwas
covering three of the four agro zones (1, 2, and 4 of the classification above), which were
considered to be important for cattle production. The town of Matiguas is located at the
northern side of Limas. The distance between the two watersheds is approximately 20
lam.

Participatory workshops were carried out with the farmers for each watershed in order
to gather information about farm and herd size and distribution of farms in each watershed
based on the database of the rural credit banks (FDL = fondo desarrolo local) along with
interviews with key informants. The geographical distribution of the farms in the
watersheds were mapped during the workshops  Approximately 190 farms were listed in
the database for the watersheds and 43 farms were selected based on farm size (between 15

and 250 hectares), herd size (more than 5 cattle), and accessibility.
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3.2.3 Farm interviews and questionnaires

Structured questionnaires were prepared by local experts to gather biophysical and
socio-economic data of the farms. The farm interviews were carried out by technical staff
of NITLAPAN in July 2001 Questionnaires consisted of 7 parts; 1) general characteristics
of farms, 2) characteristics of farmers and their families, 3) farm description, 4) farm
management, 3) production and sales, 6) production cost, 7) constraints and improvement

measures of the farms (Appendix 3.1).

Some of the attributes included in the questionnaire are summarised as follows:

1) General characteristics of the farm: total area, access, infrastructure, land tenure,

historical background of farm development, etc.

2) Characteristics of farmers and their families: sex, age, education, income and work
outside the farms, etc.

3) Farm description: farm land sketch, existing and recent changes in land use,

equipment and infrastructure, use of labour, etc.

4) Farm management: details of herd size and structure, change in herd inventory,

cattle breeds, herd movements, reproduction methods, pasture management, labour and

supplementary feeding, etc. Cattle breeds were classified based on the proportion of

European breeds (Bos taurus) into 5 classes: 0, 25, 50, 75 and 100%. Farmers were

asked the proportion of their herds for each class.

5) Production and sales: prices and amount of sales of timber, fuelwoods, crops, fruits,

and cattle products (milk and animals).
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6) Production costs: cost of supplements, fertilizers, herbicides, wire, transportation,
veterinary services, seasonal labour, etc. for cattle production.

7) Constraints and potential improvement measures of farms: Farmers were asked
about their constraints and potential improvement measures of their farms. The
answers for the problems were chosen from a) security of land tenure, b) violence, c)
lack of credit, d) lack of technical assistance, e) lack of support for marketing, f) low
price of products and others. Those for potential improvement measures were chosen
from a) move to farms located more inland, b) expand farms by land purchase in the
same district, ¢) expand cultivation area for grains and increase the number of pigs for
fattening, d) increase coffee production, e) increase number of cattle, f) make more
pasture divisions, g) change pasture species, h) introduce irrigation, 1} work for other

activities, j) emigrate, k) off-farm work, and others.

3.2.4 Data analysis

The data obtained in the survey were summarized and production indicators (calving
rates, calf and adult mortality rate,s culling rates of cows, and milk production per cow,
farm and hectare), as well as economic indicators (annual gross margin on cattle and milk
production and annual sales from cattle production) were estimated.

Major variables to describe farm characteristics {the number of permanent labourers
per hectare (mman/ha), stocking rates (LU/ha), proportion of steers (LU basis), calving rates,
proportion of area for cut and carry forage and B. brizantha for entire grazing areas, and

health costs per head], and economic indicators (gross margin, animal/milk sales per
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hectare) were compared by size of grazing area (<I5ha, 15-30ha and >3Cha)
Kruscal-Wallis tests were carried out for the size of grazing area. Correlation analysis was
carried out among grazing areas (ha), stocking rates, number of permanent labourers per
hectare, the proportion of cows and steers for the entire herd (LU basis), annual sales from
animal and milk production (US$/ha/year), health costs (US$/head), and variables related
to recently sown pastures (proportion of area in cut and carry forage and B. brizantha for
the grazing areas).

In order to quantify the effects of inputs on production, multiple regression analyses by
backwards elimination were carried out against productivity parameters [annual gross
margin per hectare (US$/ha/year), annual sales from cattle production per hectare
(US$/ha/year), and mean daily mitk production per hectare (litres/ha/day)] using stocking
rates, calving rates, the proportion of steers in the herds, and the proportion of area with cut
and carry forage and B. brizantha for grazing area, as explanatory variables. The
maximum accepted P value was 0.1, rather than P=0 05, in order to avoid the danger of
eliminating important variables at an early stage in the stepwise procedure. MINITAB 13

was used for statistical analysis (MINITAB, 2000).

3.2.5 Estimation of indicators

Indicators were calculated based on the questionnaires as follows:
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Labour

Permanent farm labourer was estimated by the sum of family and permanent labourers.
Family labourers were estimated by the number of family member whose primarily work is
farming weighted by age (older than 15 years old as one labourer, 10-14 years old as half a
labourer).
Herd size and structure

Farmers were asked for the number of lactating and dry cows, bulls, steers in fattening
and rearing stages, and replacement heifers. The number of calves was ignored for
calenlating stocking rates and production/cost parameters per head since the questionnaire
did not include the animal type.
Stocking rate

Stocking rates were calculated based on livestock units (Upton, 1993) using the
following equivalents (400kg of Hveweight equivalent to one livestock unit), cows 1.0,
bulls 1.25, steers in fattening stage 1.0, steers in rearing stage 0.75, and replacement heifers

0.75.

The stocking rates were calculated by the following equation.

Stocking rate (LLU/ha) = Total herd size (LU) (H

Grazing area (ha)

where Grazing area (ha)= pasture area (ha) + fallow (ha)
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Milk production

Total milk production was estimated based on daily farm yields in the wet and dry
season by equation (2). The period of each season was assumed to be 8 months for the
wet season (June to December) and 4 months for the dry season (February to May). Milk
sales (US$/farm/year) was estimated by milk prices and amount of milk produced in each
season. The values per cow and per hectare were calculated by dividing by the number of

lactating cows and the size of the grazing areas as defined above respectively.

Milk production (litres/farm/year) = MY W/E/D x 30days x 8 months
+ MYD/F/D x 30 days x 4 months )
where MYW/F/D= Daily milk yield per farm per day in the wet season (litres/ farm/day)

MYD/E/D= daily milk yield per farm in the dry season (litres/ farm/day)

Cattle production

Sales from cattle production was calculated based on the sales of all types of animals
by the following equation:

n

Sales of cattle production (US$/farm/year) = X(PCTL)x (NCTL) i =Cattle categories
=] (3)

Where

PCTL = Price of each category of cattle (US$/head)
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NCTL = Number of each type of animal sold in the last year

Production indicators

The production indicators were estimated based on the number of animals at the start
of the year since the questionnaires asked for details of changes in herds during the last

year.

Number of cattle at the start = actual number of cattle

+ number of cattle sold or died in the last year

- number of cows purchased in the last year 4)

Calving rates, mortality rates and culling rates were calculated by the following equations:

Calving rate (%) = (Calves born in the last year /(number of cows at the start}*100  (5)

Mortality rate (%)

= (Number of cattle died in the last year / number of cattle at the start)*100  (6)

Culling rate (%)

= (Number of slaughtered cows in the last year / number of cattle at the start)*100

™)
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Production costs

Farmers were asked about variable cost for cattle production (prices paid for the total
amount of mputs including casual labourer) used for the last one year period. Categories
used in the questionnaires were salt and minerals, herbicides, fertilizers, medicines and
vaccination, cereals, concentrates and other supplements, transportation, veterinary services,
seasonal labourer, and others. In addition, permanent labour costs were calculated based on

permanent labourer hired multiplied by averaged monthly salary.

Gross margin and net income for cattle production

Gross margin of a farm is defined as farm outputs less its variable costs (Nix,
1999) Gross margins based on cattle production were estimated based on the product
sales (cattle and milk), cattle purchases, and the variable costs. Calculations for unit value
were per cow (lactating and dry cows) and per hectare (grazing area including fallow lands).

Net incomes per farm and per family labourer were estimated by the following formulas:

Gross margin on cattle production (US$/year/farm)
= (Cattle sales + Milk sales - Cattle purchases -~ Variable costs
Net income on cattle production per farm (US$/year/farm)
= (3ross margin - Permanent labour costs
Net income on cattle production per family labourer (US$/year/family labourer)

= Net income on cattle production per farm / Number of family labourer
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3.3 Results

3.3.1 General characteristics of the sample farms

All farmers interviewed were the owners of the farms. The farms in Limas were
Jarger in size in total and in terms of pasture land, but had lower stocking rates (Table 3.1).
The occupation periods of the farms were relatively short (63% of the farms less than 10
years, 13% less than 4 years). The average family size was 6.2 members (older than 16
years 3.7, 10-16 years 1.0}, Education levels of family heads were: only up to 1st grade
(one farmer 2.3%), up to 31d grade (12 farmers, 27.9%), complete primary school (8
farmers, 18.6%), partial or complete secondary school (4 farmers, 9.3%), and none (11
farmers, 25.6%).

Almost all the farms were engaged in both cattle and crop production. Pasture
occupied 80% of the total farm land (Table 3.2). Corn (Zea mays) and beans (Phaseolus
spp.) were the main agriculiural products while cassava (Manihot esculenta) was planted in
some farms. Forest resources were exploited from their land and used mainly for
domestic consumption (posts and fuelwood). Sales of fruits (mango, cacao, avocado and
banana) were reported by seven farms.

Almost all the farms had horses (3.6 horses per farm on average), 38 farms had chicken
and 32 farms had pigs (4.5 pigs per farm on average). Corrals, fences, salting places and
manual backpack sprayers were the main equipment. Nine farmers (20.9%) owned cars

and 5 farms had wells.
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Table 3.1
Main characteristics of sample farms by district
District Farm  Farm Area Cattle Stocking rate Pasture lands'

number ha number LU/ha %
Limas 24 512469 36+50 094+0.12 79.5+03.2
Paiwas 19 429+11.4 31472 1.03+0.12 72.24+3.0
Total 43 475463 33.8+42 0.98+0.09 76.3+2.3

Note: Mean + Standard errors, | Percentage of pasture lands for entire farm land.

Table 3.2
Size and percentage of each land use type of the sample farms
Land use type Area  Minimum' Maximum' Percentage’
/Unit ha ha ha %
Annual crop 2,610 4 0 11.4 54
Perennial crop 0.7+0.2 0 ) 1.5
Pasture 38.1+5.7 56 2055 80.1
Fallow 3.6+09 0 31.5 7.5
Forest 2.6+0.6 0 16.1 54
Total 47.5+6.3 9.1 224 100

Note: Mean + Standard errors, n=43,
"Minimun and maximum areas of the land use type.
2percentages of the mean of each land use for the mean total farm land.

Table 3.3

Distribution of farm size

Farm size Frequency %
Less than 20 ha 10 233
Between 20 — 50ha 17 395
Between 50-100ha 12 279
Above 100 ha 4 93
Total 43 100.0
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3.3.1.1 Labour and residency of the owners

Permanent labourer of the farms was estimated by the sum of family labourer and hired
permanent labourer. Average permanent labour was 3.7 labourers/farm composed of 2.3
family labourers and the rest from hired labourer. Twenty-seven farms (63%) had 1-3
permanent farm labourers. Thirty three farms (77%) were resident farms, and the rests
were non-resident farms (Table 3.4). In resident farms, family members were the main
source of labour (2.7 labourers/farm), but 45% of which (15 farms) had permanent
labourers. One farm had a woman as the head of the household.

Most of the non-resident farms (9 out of the 10 farms) had farm managers, but it
seemed that owners were closely involved with the farm practices. Twenty-three farms
had permanent labourers (2.4 labourers on average) and 31 farms had casual labourers.
Casual labour was used for agricultural cultivation (18 farms) and cattle production (22
farms)  Salaries were approximately US$ 60/month for permanent labourer and

US$ 2.4/day for casual labourer.
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Table 3.4
Farm type based on owner’s residency/work and labour

Farm types Frequency %
Resident farmers 33 76.7
Without permanent labourer 18 419
With permanent labourer 15 349
Non resident farmers 10 232
Hired farm manager + owner visit | 9 20.9
Without hired farm manager + owner 1 23
daily visit
Total 43 100.0

! Frequencies of owner visits were daily (5 farms), 2 to 3 times/week (3),
2 to 3 times/month (1).

3.3.1.2 Tree planting activities

Trees were actively planted in the farms (34 farms, 79%) mainly for live fences (32
farms, 74%), but also for conservation of water resources (7 farms, 16%), as dispersed trees
inside paddocks (7 farms, 16%), and for timber, fuelwood and windbreaks (2 farms each).
The main species mentioned by the farmers were gliricidia (Gliricidia sepium, 13 farms),
pochote (Bombacopsis quinatum, 12 farms), cedro (Cedrela odorata, 11 farms), caoba
(Swietenia macrophylla, 9 farms), teca (Tectona grandis, 6 farms), and genizaro (Albizia

saman, 5 farms).

3.3.2 Objectives and constraints of cattle production

The main problems and objectives of the farms are presented in Table 3.5. Farmers

were interested in increasing the number of animals. Technical assistance and support for
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marketing were mentioned as factors that would help them, Very few farmers considered

moving inland

Table 3.5

Problems and improvement measuares presented by farmers

Problems Frequency %
Lack of credit 25 58.1
Lack of technical assistance 17 39.5
Lack of support for marketing 12 27.9
Low price of products 11 25.6

Measures for improvement
Increase number of animals 28 65.1
More divistons of paddocks 15 34.9
Improve pasture 15 349
Expansion of farm land in vicinity 7 16.3
Increase grain and pig production 5 11.6
Start other activities 4 93
Immigrate to agriculture frontier 2 4.7
Look for credit 2 4.7
Buy pasture chopper 2 4.7

Note: n== 43, multiple answers were accepted

3.3.3 Cattle production

3.3.3.1 Herd size and structure

Average herd size of the farms was 33 heads per farm, 66% of which were cows (Table
3.6). Steers were owned by 18 farms (42%). One farm had a high proportion of steers,

higher than 80%. Nine farms kept cattle of other farmers. The actual stocking rate on a
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livestock unit basis was 0.88+0.07 LU/ha (Mean + Standard error) with 56% having a

stocking rate between 0.6 and 1.0 (Table 3.7).

Table 3.6
Mean herd structure of the dual-purpose cattie farms in the Matiguas region
Type of cattle Actual SE Actual %>
number  (Number) wuh
Lactating cows 13.2 17 132 421
Dry cows 7.5 1.6 7.5 238
Heifers 6.2 1.3 4.6 14.7
Bulls 1.0 0.2 1.2 39
Oxen 05 0.2 0.6 2.0
Steers in rearing stage 3.5 1.7 2.6 84
Steers in fattening stage 1.6 0.5 1.6 50
Total 334 4.1 313 100.0

Note: n=43. 'LU: cow 1.0, heifers 0.75, bulls and oxen 1.25, steers in fattening stage 1.0,
steers in rearing stage 0.75. ’Based on livestock unit.

Table 3.7
Distribution of stocking rates
LU/ha Frequency %
0-0.5 7 163
0.5-1.0 24 55.8
1.0-2.0 10 233
>20 2 4.7
Total 43 100.0

3.3.3.2 Pasture management

The composition of pasture species are presented in Table 3.8,  The sample farms had
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38.1 ha of grazing area on average (47.5% natural pastures, 48.3% cultivated pastures for
grazing and 4.1 % of cut and carry pastures). On average, farms own 3.3 paddocks for
natural pastures; 3.3 paddocks for cultivated pastures and 1.7 paddocks for cut and carry
pastures. Average paddock sizes for each pasture type were 6.3 ha, 4.1 ha, and 1.4 ha
respectively. Major cultivated pastures were Asia (Panicum maximum, 27 farms),
Brizanta (Brachiaria brizantha, 22 farms), Estrella (Cynodon niemfiuensis, 15 farms), King
grass (Pennisetum purpureum x P. typhoides, 12 farms), Taiwan (Pennisetum purpureum,
10 farms), and Jaragua (Hyparrhenia rufa, 10 farms). Grama (Paspalum notatum) and
Ratana (Ischaemun ciliare} were the main natural pasture species. Pennisetum spp. were the
main species for cut and carry. In the last four years, B. brizantha and Pennisetum spp.
were more commonly sown after fallows or in natural grasslands. Seven farms (16.3%)
did not sow any pasture in the last four years.

Farmers carried out weeding 2.1 times per year on average. Weeding methods were
mainly by hand (39 farms, 90.7 %) while 13 farms (30.2%) used herbicides. Only 2 farms

(4.7%) reported the use of fertilizer for pastures where lactating cows were grazed.
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Table 3.8
Average composition of pasture species by sown areas in the dual-purpose cattle farms

in the Matiguas region

Pasture species Mean area (ha)  Standard errors (ha) %'

Panicum maximum 8.1 1.7 213
Hyparrhenia rufa 4.8 2.2 12.5
Brachiaria brizantha 34 1.5 8.9

Cynodon niemfluensis. 2.1 0.7 56

Penn.lsetum spp. and other L6 04 a1

species for cut and carry

Natural pasture and others 18.1 4.5 475
Total 38.1 56 100

Source: n=43. ' Percentage based on entire pasturelands.
Natural pastures include Paspalum notatum, Ischaemun ciliare, etc.

3.3.3.3 Grazing management

The sample farms typically had two or three cattle groups: lactating cows, calves, and
dry cows and heifers. Almost all of the farms practiced a partial-suckling system.
Lactating cows and calves tended to be grazed in cultivated pastures with short rotation
systems (typically 2-20 days for grazing and 15-30 days for resting during the wet season).
In the dry season, longer rotation periods and continuous grazing in open paddocks were
commonly practiced. One fourth of the farms (10 farms) moved their animals to other
farms due to poor pasture conditions in the dry season and mating of cows and heifers. It
seemed that leaders and followers system (grazing dry cows or steers after lactating cows)

was common in the study area.
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3.3.3.4 Supplementation

The use of supplements is summarised in Table 39 Most of the farms (41 farms,
95.3%) used supplementary feeding for cattle. Common salt and molasses were the most
commonly used supplements, followed by minerals mix, whereas the use of crop residues
and chicken manure were very limited. A quarter of the farmers used cut and carry

forages.

Table 3.9
Use of supplements for cattle in the sample farms

Type of supplementation Frequency %

Common salt 33 76.7
Minerals mix 25 581
Molasses 28 651
Cut and carry forages i1 256
Others 6 14.0

Others include crop residue(3), chicken manure (2), and silage(1)

3.3.3.5 Cattle breeds and reproduction

Brahman x Brown Swiss crossbreds were the major breed type. Ninety-three percent
of the farms had crossbreed animal Brahman x Brown Swiss (38 farms, 89%), and a few
Brahman x Holstein (2 farms, 5%). Among the farms which had crossbred cattle, 17
farms answered that all their cattle were 3/4 Europeans. One farm (2.3%), had pure zebu
cattle and two farms owned purebred European cattle (Brown Swiss and Holstein). Only

3 farms reported the use of artificial insemination.
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3.3.4 Production indicators

3.3.3.4.1 Calving, mortality and culling rates

Calving rates calf and adult mortality rates, and culling rates of cows are presented in
Table 3.10. The study showed relatively low calving rates (45% on average, 33% of the
farms less than 25%) (Table 3.13).  Calf mortality rates were 16% on average, half of the
farms had less than 5%. Adult mortality rated were 1.5% on average (n=43), but it should
be noted that adult mortality was reported only by 11 farms. Two farms reported an adult

mortality rate greater than 10 %. The average culling rate of cows was 10.3%, but half of

the farms had less than 5%.

Table 3.10

Calving, mortality and culling rates in sample farms
Items Mean (%) SE (%)

Calving rate 48 4 35

Calf mortality rate 147 43

Adult mortality rate 15 0.5

Culling rate 10.1 1.9

Note: n=43, SE: Standard error mean, For calculation methods see 3.2.5.

3.3.4.2 Milk production

Daily milk production by season is presented in Table 3.11. On average, farms
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milked 14.3 and 11.1 cows in the wet and dry seasons respectively. Milk production in the
dry season was nearly half that produced in the wet season, 37 and 73 lifres/day
respectively.  Milk production per cow was 5.1 hitres/day/cow and 3.2 litres/day/cow in the
dry and wet season respectively; milk production per hectare was 2 2 litres/day/ha and 1.2
litres/day/ha in the dry and wet seasons respectively. Mean farm gate prices for milk were
1UUS$0.19 /litre in the wet season and US$0.25/litre in the dry season. Mean farm pate

prices of animals were US$105 for a calf, US$228 for a culled cow, US$182 for a steer.

Table 3.11
Comparison of daily milk production by season

Calculation basis Unit Wet season Dry season  Annual mean’
Per cow litres/cow/day 51+0.18 32+0.21 4.4+0 16
Per hectare litres/hectare/day 224018 1.240.13 1.8+0.15
Per farm litres/farm/day 73+10.5 37452 61+83

Note: n=43, Means +Standard errors.
! weighted annual mean calculated based on 8 month wet season and 4 month dry season.

3.3.5 Economic indicators

Mean annual sales from cattle production per farm was estimated to be US$ 6,814,
65% of which was from milk production (Table 3.12). One third of the farms {35%) had
annual sales from cattle production lower than US$3,000 per year. Production of steers
were reported by 15 farms ranging from 30 to 100% of the entire cattle production of the
farms. Animal and milk sales on a per hectare of grazing lands and livestock unit basis
are summarised in Table 3.13. Total annual value of cattle production were US$190/ha

and US$236/LU. Moreover, cattle purchases were US$663 on average reported by 7
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farms.

Table 3.12

Annual sales from animal and milk production per farm

Type of products Number of farms Value' (USS$) %’
reported

Animal® 2,366 +631 34.6
Calves 39 956 +213 14.0
Cows 21 424 +140 62
Steers 15 987 +520 14.4

Milk 42 4 472 +665 654

Total 6,839 +1095 100.0

' Mean +Standard errors. n=43.
? Percentages of the mean values for annual total income from cattle production.
3 Sum of all types of animals.

Table 3.13
Annual sales from animals and milk preduction
Category Basis Sale (US$/year)
i /ha 58.2+89
Animal sales
/LU 72.5+13.7
/b 131.3+11.1
Milk sales a -
/LU 163.2+14.2
/h 89.5+157
Total sales 2 189.5x1
aua 235.7+20.9

Note: n=43. Meanz+ Standard error.

3.3.5.1 Production costs of cattle production

Total annual variable costs for cattle production was estimated to be US$ 477 per farm
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costs for cattle production per farm were health care of cattle (UUS$168/farm), casual labour
(US$108/farm), common salts and mineral mixtures (US$66/farm), wire for fencing
(US$64/farm). Herbicides and fertilizers were reported by ten and one farms respectively.
The amount spent for supplements was small (US$27/farm), suggesting that the use of
other supplements beside common salt and mineral mixtures (e.g. molasses) was limited.
Moreover, the cost of permanent labour was estimated as US$938 (number of labourer x

US$60/month/labourer x 12 months) reported by 23 farms.

3.3.5.2 Gross margin and net income for cattle production

The annual gross margin and net income (gross margin minus permanent labour costs)
based on cattle production averaged US$5,698 and 1US$4,760 per farm respectively (Table
3.15). On a per unit basis, the annual gross margin per LU and per hectare were
US$205/LU and US$164/ha respectively. The average daily net income per family

labourer was US$4.1/day.
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Table 3.14

Annual production costs for cattle production per farm

(USS) Mean (US$)  SE (US$) %
Variable costs
Vaccination and medical care 168 51 35.1
Casual labour 108 42 227
Salts and mineral mixtures 66 17 13.8
Other supplements 27 10 56
Fencing 64 19 134
Herbicides 32 13 6.7
Others' 13 11 27
Total 477 87 100.0
Permanent labour costs 038 177

Note: N=43. SE: Standard errors of means.
! Others include transportation of animals and products, fertilizers, pasture seeds, etc.
Permanent labour costs = Number of labourers x US$60/month x 12 months,

Table 3.15

Gross margin and net income from cattle production (Unit USS)
Category Value Standard error

Gross margin/year/farm 5,698 937

Net income/year/farm 4,760 851

Net income/day/family labourer 41 0.67

Gross margin/year/LU 205 20

Gross margin/year/hectare 164 14

Note: n=43 except for net income per family labourer (n=42).
Gross margin = Milk sales + Animal sales — Animal purchases ~ Variable costs.
Net income = Gross margin — Permanent labour costs.

3.3.6 Farm characteristics by size

Major variables to describe farm characteristics (Number of permanent labourer, stocking
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rates, percentage of steers, calving rates, percentages of total areas with cut and carry
forage and B. brizantha) and economic indicators (gross margin, ax;imailmilk sales per
hectare, health costs per head) are compared by the size of grazing areas in Table 3.16.
The number of permanent labourer per hectare decreased with increasing grazing areas
(P<0.001). As the size of grazing areas increased, stocking rates tended to decrease,
whereas the proportion of steers tended to increase. The farms in the middle sized class
(15-30ha) tended to have the highest proportion of cut and carry forage for grazing area and
the lowest health costs per animal. Regarding economic indicators, gross margin, animal

sales and milk sales per hectare tended to be higher for the farms in the 15-30 ha class.
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3.3.7 Correlation analysis

The results of correlation analysis for the major parameters are presented in Table 3.17.
The results showed that larger farms had significantly lower stocking rates (r=0.320
P<0.05), less permanent labour per hectare (r=-0.541, P<0.001), and have lower daily milk
production per hectare (r=-0.358, P<0.05). Farms with higher stocking rates had more
permanent farm labour per hectare (r=0.340, P<0.05) and had higher milk production per
hectare (r=0.393, P<0.01). Annual sales of animals was positively related to the
proportion of steers (r=0.604, P<0.01) and to the proportion of area planted with B.
brizantha (r=0.479, P<0.001). Increasing the proportion of cut and carry forage increased
gross margin (1=0.527, P<0.001) through increased daily milk production (r=0.621,

P<0.001), while B. brizantha increased annual sales of animals (1=0.509, P<0.001), but not

gross margin,
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3.3.8 Multiple regression analysis

Estimates of the relationships between inputs and productivity parameters [annual gross
margin (US$/ha/year), annual sales of cattle production (US$/ha/year) and mean daily milk
production (litres/ha/day)], both before and after backwards elimination, are presented in Table
318, 319 and 320 The results show that cut and carry forage made a significant
contribution to milk production (P<0.001), sales from cattle production (P<0.01), and gross
margin (P<0.001). areas of B. brizantha confributed to gross margin (P<0.05), and sales from
cattle production (P<0001). Stocking rates significantly influenced gross margin, milk
production and sales of cattle production (P<0.05). Calving rates were significantly related
to the gross margin and cattle production, but not milk production per hectare. The
proportion of steers significantly increased sales from cattle production (P<0.001) and tended
to decrease milk production. The stepwise regression did not remove any variables for sales

of cattle production.
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Table 3.18
Results of regression analysis for annual gross margin of cattle production per hectare
(US$/ha/year)

Predictor Constant Stocking Calving Steer Cut & carry B.brizantha

rate rate forage
Unit LU/ha
Before
elimination
Coefficient 26.53 54.93  103.35 30.87 481.6 135.51
SE Coefficient 324 24.70 36.38 78.09 116.6 63.52
P value 0417 0.033 0.607 0.695 <0.001 0.040
After
elimination
Coefficient 2844 55.09  102.67 481.3 147.27
SE Coef. 31.62 24.41 35.93 115.2 55.47
P value 0374 0.030 0.007 <0.001 0.012

Note: R?: 51.7% before elimination and 51.5% after elimination.
Maximum accepted p value was 0.1

Table 3.19

Resuits of regression analysis for annual cattle sales per hectare (USS$/ha/year)
Predictor Constant Stocking Calving Steer  Cut & carry  B.brizantha

rate rate forage
Unit LU/ha
Coefficient  -243 36.3* 34.1 173.3%%* 156.7* 98.5%*
SE Coef. 18.0 13.7 20.2 43.3 64.6 35.2
P value 0.184 0.012 0.099 <0.001 0.020 0.008

Note: SE Coefficients (Standard error coefficient), R%:61.5%.
Maximum accepted p value was 0.1.
With all initial variables and backwards elimination, results were the same.
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Table 3.20

Results of regression analysis for daily milk production per hectare (litres/ha/day)
Stocking Calving

Cut&carry

Predictor Constant Steers B brizantha
rate rate forage
Unit LU/ha
Before elimination
Coefficient 0.757 0.670 0.558  -1.367 5.789 0.942
SE Coef. 0.325 0.248 0365 0.784 1.170 0.637
P value 0.025 0.010 0.136 0136 <0.0061 0.148
After elimination
Coefficient 0.972 0.674 5.978
SE Coef. 0.243 0.246 1.186
P value <0.001 0.009 <(.001

Note: R? 54.5% before elimination and 48.3% afier elimination.
Maximum accepted p value was 0 1.

3.4 Discussion

3.4.1 Herd size, structure and farm type

The study results showed that larger farms had fewer permanent labourers per hectare
(P<0.01) and lower stocking rate (P<0.05, Table 3.17), suggesting that the larger farms are
more extensive. On the other hand, farms which were more dedicated to raising steers
tended to have larger total grazing area (p=0.068, Table 3.17). The results of the correlation
analysis showed that in those farms with a higher proportion of steers, there is also a larger
proportion of pasture planted with B. brizantha (P<0.001) and increased the annual sales of
animals (P<0.01) (Table 3.17). It is generally considered that farms specialising in meat

production are more extensive than dual-purpose cattle farms (NITLAPAN, 1995;
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Corporacion Ganadera, 2000). However, these results may suggest that fattening steers pays
for pasture improvement, thus they are more intensive in terms of pasture improvement.
Although a relatively high proportion of sales of steers was recorded (14.5% of total cattle
sales of the farms), in fact only 18 farms owned steers and 15 farms reported steer sales. It
seems that planting B. brizantha which is dry tolerant species (Peters et al., 2003), and raising

steers during the dry season is one of the accepted farmers’ strategies.

3.4.2 Productivity of cattle production

The average calving rate was 48%, which is considered to be low compared with the
national census of Costa Rica (64%, Corporacion Ganadera, 2000), but similar to the national
average in Venezuela (45%, Plasse, 1992) and on the lower limit of the range presented by
Sere and De Vaccaro (1985) (50-70%) for Honduras, Colombia, Panama and Brazil. Ideally,
calving should occur once a year with a dry period of two months (Ramirez, 2002). However,
in the study area, calving rates may be lowered due to malnufrition during the dry season,
presence of calves and low availability of bulls particularly in small farms. The average
culling rate was 10%, which is also considered to be low Since the variation in milk
production between individual cows is high, frequent culling was suggested by Llamozas and
Vaccaro (2002). However, farmers seemed to think that they do not have sufficient catle
(Table 3.5), thus they possibly tend to retain cows even with poor milk yields. Improving
feeding systems in the dry season may increase calving rates as well as potential overall
production. Further studies are needed to consider potential intensification through increasing

calving rates and culling rates, including technical assistance on herd management issues.
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Average calf mortality rate was 15%, which is higher than the results reported by Sere and
de Vaccaro (1985) and Vaccaro et al. (1992) (6-12%) for dual-purpose systems in Brazil, Costa
Rica, Panama, and Venezuela, whereas the adult mortality rate was lower (1.5%) than the
values reported by the same authors. Mortality rates were particularly high in some farms
(nine farms with higher than 25% calf mortality rates and two farms had adult mortality rates
higher than 10%). High mortality may be caused by poor animal nufrition and health care
practices. Further studies are needed in order to clarify the causes of the animal losses (e g.

malnutrition, diseases or accidents).

3.4.3 Milk production and economic performance

The mean annual milk production was 4.4 litres/cow/day, which results in 1,056 litres
milk production per lactation, assuming that the lactation period is 8 months (Levard et al,
2001).  The results were within the range of comparable systems presented by Sere and de
Vaccaro (1985) (3-5 litres/day) in Panama, Colombia and Brazil and by Vaccaro, et at. (1992)
in Venezuela (700-1,100 litres/lactation), but lower than the target yield using improved
tropical pasture suggested by Wilkins et al. (1979) (1,300 litres sold per lactation with 700
litres consumed by the calf). The daily milk production per hectare (annual mean 1.8 litres
with 2.2 litres in the wet season and 1.2 litres in the dry season) were also lower than the
results reported by Nicholson (1994) (3.7 litres/day) for similar cattle production systems in
Mexico.

However, the gross margin per livestock unit (US$205/LU/ha) was similar to the results

(US$218/cow/year adjusted by consumer price index) reported for the humid lowlands of
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Venezuela by Holmann (1989). This is mainly due to the low annual variable cost, which was
only 7.0% of the annual cattle sales of the farms (10.6% of the annual milk sales), which is
much lower than the case in Mexico (42% of milk sales) as reported by Nicholson (1995).
The variable costs reported by farmers were total values for one year, which may not reflect
the total cost of farming practices as they do not keep records. In particular the cost of
permanent labourers, which was reported as 1.4 labourers/farm on average, was included in
the gross margin estimation but not included in variable costs, may be substantial.

On average, the annual gross margin and net income per farm (excluding only permanent
labour costs) on cattle production was US$5,698 and US$4,760 respectively with 3.7
labourers (2.3 family labourers and 14 hired labourers). The annual net income per family
labourer excluding the permanent labour costs is estimated as US$1,483 (US$4.1/day). On
average, it is probably acceptable for farmers though they still need to pay the other fixed
costs but share housing and do not have to buy most of the food since they are produced in the
farms. The distribution of the net income per family labour and farm size are presented in
Table 3.21. It should be noted that the average net income per family labour was raised by
larger farms and that 37% of sample farms (16 farms) had the daily net income per labour
lower than US$2, which was the average daily salary of casual labourer. It suggests that the
situation of smaller farms are unstable because daily income per labourer is better to be a

casual labourer than working in the farm.
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Table 3.21

Net income per family labour and farm size

Net income/family Number of % Farm size
labourer (US$) farms (Mean + SE)
<US$2 16 372 33.8+85
USS$2 -4 12 27.9 36.0+6.3
> JS%4 14 32.6 74.7+13.5
No answer | 2.3
Total 43 100.0

3.4.4 Supplementary feeding and potential for pasture improvement

Supplementary feeding is practised in the study area. Supplementation may be an
attractive option for farmers during the dry season when milk prices are high. However, in
the study area, locally available supplements are limited due to the following reasons: 1)
utilization of molasses is common (65%), but it seems that the amount is limited due to its
high and unstable price; 2) the use of crop residues is limited due to the large number of cattle
relative to the area used for crop cultivation; 3) the price of chicken manure is high since it
needs to be transported from Managua.

Regression analysis showed that the use of cut and carry forage had a positive impact on
daily milk production (P<0.001 Table 3.18), annual cattle sales (P<0.05, Table 3.19), and gross
margin per hectare (P<0.001, Table 3.18). Considering the obstacles to obtain locally
available supplement and the farmers’ tendency to avoid cash outlays (Kaimowitz, 1996), it
seems that producing fodder for the dry season by using cut and carry forage may be an

acceptable option for farmers. It should be noted that cut and carry forage tended to be more
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frequently present in the middle sized dual-purpose cattle farms (15-30ha) (Table 3.16). It may
suggest that these farms have available land to sow the pasture and that farmers need to
intensify production without expanding farm size. However, the permanent labourer per
hectare of these farms was a half of the smaller farms (<15 ha) (Table 3.16), suggesting that
number of farm labourer did not increase by expanding the farm size. It may imply that
labour may be a main obstacle to increase cut and carry practices in these farms. In addition,
cultivated pasture, B. brizantha, was also positively associated with annual sales of animals
(P<0.001, Table 3.17). It should be also noted that these two types of pastures occupied only
a limited area on the surveyed farms: 4 7% for cut and carry forage and 8 9% for B. brizantha.
This suggests that it is possible to implement pasture improvement technologies in
dual-purpose cattle farms. However, lack of labour availability as well as high interest and
short payback periods in the bank system may be obstacles for pasture improvement
(Nicholson, 1994; Holmann, 1999). Further studies are needed on the feasibility of pasture

improvement with regard to labour availability and the use of credit.

3.4.5 Potential and obstacles of intensification

It has been argued that additional labourer tends not to be employed in catile farms in
Latin America due to the farmers’ preference to avoid cash outlays and the need for
supervision (Kaimowitz, 1996). The study results showed that although larger farms had less
labourer per hectare, farmers were eager to intensify their production by means of increasing
the number of animals, constructing more fencing around paddocks and pasture improvement

rather than by expanding their farms (Table 3.5). Under the present conditions of the stndy
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availability may be limited or expensive (US$509/ha to buy or US$42/hectare/year to rent on
average). It was likely that in the medium-term, the goal of farmers was to intensify their
production by increasing the herd size, which may contribute to maximizing the return per unit
of labour (Kaimowitz, 1996). This assumes that they believe there is adequate soil and pasture
resources (in their farms or by renting pasture lands in other farms) to support this strategy.
Therefore, farmers expressed a desire for credit to purchase more animals (Table 3.5). When
farmers have sufficient animals, they have an option to sell more animals and invest in farm
land or intensification (e.g. pasture improvement, more use of supplements, etc.). However,
it should be noted that in addition to the advantages of land using technologies (Nicholson et
al, 1995) when land is available, farmers may prefer to use more land to increase production
rather than intensifying the current systems so that they can leave the lands to their children in
the long term (Ruiz, 1994; Kaimowitz, 1996). This implies that the farming systems could
move from extensive to intensive management in the short-term if herd sizes are increased
without an increase in land area, but it may not intensify the systems in the long-term.

1t should be emphasised that one of the most important characteristics of this farming
system is risk averse as the costs for inputs may fluctuate after farmers accept the intensive
systetn, Sere and de Vaccaro (1985) suggested that “land and cattle constitute the main
capital investments in dual-purpose cattle production systems, thus very small allowance for
depreciation is needed”. Nicholson et al. (1995) indicated that “empirical evidence in Latin
America suggests that land using technologies have lower total costs per unit of milk than land
saving technologies”. Considering the easiness, stability, flexibility, and daily income which
are determinant factors for developing production systems in tropical condifions, this farming

system, with low feed costs and based on grazing has fow productivity, but is economically
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system, with low feed costs and based on grazing has low productivity, but is economically

feasible and socially acceptable for farmers, allowing them to survive (Martinez, 1992).

3.5 Conclusions

The study described dual-purpose cattle farms in the study area, which were owned and
managed mainly by families that immigrated to the area during the last decade. The study
results provided evidence that farms were managed extensively in terms of production levels
on a per cow and per hectare basis. Reasonable gross margins were achieved due to the low
feeding costs, based mainly on grazing.

The study results also showed that introducing B. brizantha and cut and carry forage had
significant positive impacts on farm productivity. Considering the limited area presently
occupied by these pastures, improvement of other grazing areas is potentially important and
probably acceptable for farmers in order to increase productivity. Particularly, cut and carry
forage seems to be accepted by the middle sized farms which have available farm land, though
labour may be an obstacle for the implementation. Further studies are recommended on the

feasibility of pasture improvement with regard to labour availability and use of credit systems.
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Chapter 4 (Article2)
Evaluation of trees and grass covers of dual-purpose cattle farms at the

semi-humid old agricultural frontier in central Nicaragua

Key words: grass cover, tree cover, slope, dual-purpose cattle farms, Nicaragua

Abstract

Dual-purpose cattle production systems have been described as traditional cattle
production systems on family farms in Latin America. The existence of trees in grazing
areas may support cattle production in various ways: 1) improving chemical and physical
soil conditions, 2) improving pasture quality, 3) improving the physical condition of
animals and 4) providing additional fodder for animals by leaves and fiuits. In the
lowland tropics, shade in pastures is especially needed in the systems using crossbreds with
a high proportion of European breeds that require cooler temperatures. In order to
evaluate the grass cover in grazing areas, grass cover were surveyed by stratified samplings
based on grass types {natural or cultivated), tree cover class, and slope class at 153 plots in
31 dual-purpose cattle farms in the semi-humid lowland tropics of central Nicaragua.

The results showed that the grass cover differed by grass type (P<0.01), dominant
grass species (P<0.01), and tree cover (P<0.05), but not by slope. Tree cover greater than
30% reduces grass cover under existing conditions. On average, cultivated grass species
showed higher grass cover than natural grass species except for I ciliare and P. maximum,
potentially due to heavy grazing, roughness of the dry season, and higher requirements in

terms of soil fertility. Bare soil cover was increased by increased slope (P<0.01), which
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had larger negative impacts on cultivated grass than natural grass species. Tree cover had
larger negative impacts on natural grass species than on cultivated grass species.

In addition, the study identified the major tree species in the grazing areas: useful
trees for cattle production, G. wlmifolia, E. cyclocarpum, and A. saman (mean DBH
approximately 20cm), and timber production, T rosea, C. alliodora, and P pleosthachyum
(mean DBH <15c¢m). The stand density of G ulmifolia and 4. saman decreased by slope
(P<0.01), but those of C. alliodora and P. pleosthachyum were high on moderate slopes
(P<0.001) and on steeper slopes (>30%) (P<0.01), suggesting the potential use of these
species in sloped areas. The findings of the study suggest that generally a large proportion
of the grazing area has low grass cover, especially those areas dominated by natural grasses.
Further research on the relationships between soil fertility and pasture conditions, natural
pasture management and actual utilization by cattle and on the feasibility of pasture

improvement are recommended.

4.1 Introduction

Conversion of land from tropical forest to pastures has been criticised and identified
as a cause of deforestation in the humid tropics of Central America (Parsons, 1976; Myer,
1981; Kaimowitz, 1996). Farmers have moved to less populated areas seeking new lands
(Maldidier and Marchetti, 1996), resulting in pasture expansion from the dry areas of the
Pacific and central regions towards more humid area of the Atlantic plains (Kaimowitz,
1996). In the old agricuitural frontier in central Nicaragua, large cattle ranches that had

been abandoned during the civil war in the 1980s, were divided into small and medium
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sized farms in the early 1990s (Levard et al., 2001). Consequently, small farms, which are
largely engaged in dual-purpose cattle production (milk and meat), comprise most of the
farms, and 90 % of the accessible cultivated lands of the lowlands are occupied by pastures
(NITLAPAN, 1995; Szott, et al., 2000). These existing dual-purpose cattle farms were
recognized as one of the key targets for intensification of cattle production in Central
America (Nicholson et al., 1995).

In small and medium sized farms in central Nicaragua, cattle are traditionally
produced under extensive management with low inputs (Chapter 3). Grazing areas largely
consist of natural or naturalized grass species as well as cultivated pastures with naturally
regenerated trees, thus forming variable pasture conditions and tree densities. It is
generally agreed that in silvopastoral systems, the level of shade is an important factor to
determine pasture growth (Smith and Whiteman, 1983; Shelton et al., 1987); however, it
has been observed that biomass production of grass could be higher or similar under shade
as in open grassland especially when growth is restricted by nitrogen deficiencies (Wilson
and Ludlow, 1990; Wong 1990; Cruz, 1997; Durr and Rangel, 2000; Durr and Rangel,
2002). In addition, many pasture species in the study areas, including B. brizantha, P
maximum, and P. notatum/conjugatum, are shade tolerant (Wong, 1990). Dispersed trees in
pastures are assumed to be beneficial for cattle farmers since they maintain trees in pastures
for shelter, forage and fruits, increased grass production during the dry seasons for cattle, a
source of timber, fence posts, fuel woods and fruits for human use (Harvey and Haber,
1999). In the dual-purpose cattle production in the lowland tropics, tree cover in pastures
is particularly needed in order to facilitate the use of crossbred animals with a higher

proportion of European breeds that require cooler temperatures (Souza de Abreu, 2002).
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In order to analyze the effects of the different land uses of grazing areas on cattle
production, it is important to examine how the pasture conditions are influenced by tree
shading. This study evaluated the grazing areas of dual-purpose cattle farms with regard to
grass cover, tree cover and slope. In addition, in order to understand the general
characteristics of grazing areas, the relationships between grass cover and tree cover for
dominant grass species, the percentages of basal area of the dominant tree species by the
tree cover class, and the effects of bare soil cover on other measured variables were also

analysed,
4.2 Materials and Methods
4.2.1 Site

The study area is located in Matiguas Municipality in Matagalpa Department, central
Nicaragua: Latitude 12° 50’ North and 85°27 Longitude East. The altitude is 200-500m
above sea level. The climate of the study area is sub-humid tropical with a well-defined
dry season between February and May (savanna (Aw) by Koppen climate classification).
Annual rainfall varies from 1,300 to 2,000 mm, while temperature fluctuates between 28
and 32°C. Topographically, the land is generally flat with modest slopes (0-30%) but with
small areas of steep slopes (> 30 %) (INTA, 1998).

The population density of the study area is approximately 29 inhabitants/km? (Levard
et al,, 2001). Cattle production is the main economic activity in the region where pastures

dominate the lowland areas (altitude <400m) (Maldidier and Marchetti, 1996). The soils
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are generally heavy clayed, which are difficult to cultivate with light equipment and are
thus more suitable for cattle production than for crop cultivation (Levard et al., 2001).

The Matiguas region is considered to be “the old agricultural frontier” where large
immigration, with people seeking land for extensive grazing to meet the demands of the
international meat market, occurred in the late 1940s after World War II (Maldidier and
Marchetti, 1996). Due to the political pressure during the civil war in the 1980s, large
haciendas were abandoned and in the early 1990s these farms were divided into small and

medium sized farms and made available to landless farmers (Levard et al., 2001).

4.2.2 Farm selection

This study was based on data of the project, “Regional integrated silvopastoral
approaches to ecosystem management project”, undertaken by CATIE and NITLAPAN
under the scheme of Global Environment Facility (GEF) of the World Bank.

The Matiguas region is divided into four zones based on agro-ecological conditions:
1) relatively flat areas near the town of Matignas where medium scale cattle farm
enterprises are present (annual precipitation 1,200-1,600mm); 2) the south-eastern part of
Matiguas where medium scale cattle farms are present under more humid condition
(>2,000mm p.a.), 3) north western Matiguas where intensive farms are present in the
highlands (>500m above sea level); 4) the central part of the municipality and north of in
the town of Matiguas with steeper slopes (30-50%) and a medium level of precipitation
(1,600-2,000mm) (Levard et al, 2001). Sample farms were selected from two

watersheds: Limas and Paiwas in order to cover 1), 2), and 4) of the four agro-zones which
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were considered to be important for cattle production. There were approximately 190
farms in the study area, and 31 farms were selected from project participants for the survey
based on the following criteria: (1) farm size (10-140 ha); (2) farms with more than 3 cattle;
(3) willingness to cooperate with the project, (4) accessibility and (5) geographical

distribution. The distance between the two watersheds was approximately 20km,

4.2.3 Sampling

Following interviews with farmers, farms were sketched with farmers based on the
main land uses (primary forest, secondary forest, pastures and crop cultivation), As for
pasture lands, farmers were asked questions regarding grass species and abundance of trees
in paddocks. The paddocks for the measurements were chosen based on stratified
sampling based on: dominant grass types (cultivated grass species: Panicum maximum,
Brachiaria brizantha, Hyparrhenia rufa, Cynodon nlemfluensis and Pennisetum spp., and
natural and naturalized grass species: Paspalum notatum/conjugatum, Ischaemun ciliare,
Digitaria sp., Paspalum virgatum/fasciculatum, and others); abundance of dispersed trees
(i.e. tree cover less than 10%, 10-30% and above 30%) and slope (less than 10%, 10-30%
and above 30%). Cultivated grasses were introduced species which are generally planted
(either by sowing or controlled seeding) by farmers and are suitable for cattle production,
while natural grass species are all other species native to the area or naturalized.

The sites where the measurements were taken in the selected paddocks were chosen
based on uniform vegetation and steepness, following the criteria defined for stratified

samplings in this study (grass type, abundance of trees, and slope). Paddocks that were
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recently subjected to weed control after grazing were avoided. The measurements were
taken between December 2002 and February 2003 in 153 plots, with four to six plots per
each farm. In small and medium sized dual-purpose cattle farms in the study area, grazing
areas show high variation with regard to pasture conditions and abundance of trees.
Therefore, in order to cover sufficient variability, an effort was made to take samples for

different strata within each farm.

4.2.4 Data recorded

For the sampling plots, a square of land was defined. Initially 50m x 50m were used,
but due to difficulties finding plots of this size with consistent vegetation (it occurred in 3
plots out of the initial 40 plots), 40m x 40m square plots were used for the remaining 113
plots. All sampled plots were included in the analysis because the shape of the plots does
not affect the results, even though the distance between the measurements became shorter

in the smaller plots. Trees of lesser known species were identified by a local specialist

based on local names given by farmers. For each plot, the measurements were as follows:

1} Tree measurements
Species and diameter at breast height (DBH) (1.3 meters height) for all trees with
DBH>5cm in the sample plots were measured. The diameter of the tree was defined by

the following formula (Hidalgo, et al., 2002):

D (Diameter of the tree) = (£ Di %)

Where Di (Diameter of each stem) = C (Circumference at breast height) /x
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i = Ordinal number of stems

The basal area of each tree was calculated by the following formula:

BA (Basal area of the tree) =n/4 T Di >
2) Slope measurements

Slope was measured between the representing points within the plots using a
clinometer.
3) Grass cover measurements

Botanical composition was measured at 36 points within each plot.  The
measurement points were distributed throughout the plots at 8 m intervals using 6 lines with
6 points on each line (10m intervals in the case of 50m square plots). At each point,
quadrates of 0.25 m’ were placed on the ground for the measurements. Within each
guadrate, the percentage of area covered by (1) grass species (for each species for the major
species), (2) legume species, (3) bare soil (denuded areas), and (4) other broadleaf plants
and dry materials were visually estimated. The mean of the 36 observations was taken as
representative of each plot.
4) Tree cover measurements

Tree cover was measured in the same points where the grass measurements were
taken by using a vertical densitometer (whether under tree cover or not). The percentages
of tree cover were calculated based on probability of the points under the tree cover by the
following equation:
Percentage of tree cover (%) = Points under tree cover x 100

36
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4.2.5 Data analysis

The survey data were summarized for each plot as grass cover, tree cover, stand
density, basal area of trees, bare soil cover and slope. The plots were classified by
dominant grass types (cultivated or natural, based on more than 50% of grass cover), grass
species (the species of the largest grass cover), and the tree cover and slope class as
described above.

Kruscal Wallis tests (Wheater and Cook, 2000) were carried out for grass cover of the
entire samples by grass type, tree cover class and slope class in order to examine the
differences between the dominant grass species. Correlation analyses were carried out
between grass covers (of total and of the species) and tree covers.

Tree data were summarized for all plots.  Six major tree species were specified based
on the total number of stands found. In order to examine the species composition by tree
cover, Kruscal Wallis tests were carried out for the percentages of basal area for the six
most common species by tree cover class. Also, in order to examine the effects of slope
on each tree species, Kruscal Wallis tests were performed for basal areas and stand densities
of the six most common species by slope class.

Lastly, correlation analyses were carried out for all of the samples in order to examine
the relationships between bare soil cover and tree cover/slope/stand density/basal area. In
addition, in order to examine the difference between cultivated and natural grasses,
correlation analyses between bare soil cover and total grass cover of the plots with each

dominant grass type (cultivated and natural grass) were performed.
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4.3 Results

4.3.1 Distribution of plots and descriptive statistics of major variables

Distributions of the sample plots by grass type, tree cover and slope class are
presented in Table 4.1. Sixty percent of the plots (91 plots) were dominated by natural grass
species. Approximately one third of the plots were located in open lands (iree cover less
than 10%) and 40% of the plots were in the flat lands (the slope class <10%). Descriptive
statistics of stand density and basal area of tree species are presented in Table 4.2. On
average, grass cover, tree cover and slope were 42%, 25%, and 16%, respectively. The
results showed that on average a large number of trees (103 trees per hectare), with

24m*/hectare basal area, were found in the sample plots.
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Table 4.1

Distribution and tree/grass cover by sample class

Class Frequency % Tree cover (%)  Grass cover (%)
Dominant Cultivated grass 61 40.5 2194265 51.543.66
type Natural grass 92 595 26.4+2.35 35.04+2.71
0-10% 51 333 344045 513+3.61
Tree 10-30% 50 327 19.9+0 88 46.5+3.98
cover >30% 52 34.0 4994218 27.6+3 48
Total 153 1000 24 6+1.76 41.7+2.28
Slope (%) Grass cover (%)
Slope 0-10% 61 399 2.0+0.36 40.0+3.5
10-30% 59 386 18.4+0.73 47 6137
>30% 33 216 38.0+1.1 34.2+4 6
Total 153 100.0 16.1+1.2 4174228
Note: Means +Standard errors
Tahle 4.2
Means and ranges of stand density/basal area of trees and bare soil cover
Variables Unit Minimum Maximum Mean — SE Mean
Stand density number/ha 0 788 103 922
Basal area m’/ha 0 1713 239 223
Bare soil cover % 0 218 222 0.30
Note: n=153.
4.3.2 Pasture survey

4.3.2.1 Total grass cover by tree cover, slope class and dominant grass type

Grass cover as a function of tree cover along with slope classes for each grass type is

presented in Table 4.3. Grass cover differed by grass type (P<0.01) and tree cover class
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(P<0.05). The plots dominated by cultivated grass showed higher grass cover than those
with natural grass (51% against 35%). Grass cover differed significantly between tree
cover classes 10-30% and over 30% (P<0.01, 47% against 28%), but did not differ between
tree cover classes 0-10% and 10-30%. The slope class over 30% tended to have lower
grass cover, but it did not differ significantly, On average, plots dominated by cultivated
grass species had lower tree cover (21% against 26%) than those of natural grass.

Total grass cover of each dominant grass type is compared by tree cover and slope
class in Table 4.3. Total grass cover of the plots dominated by cultivated grass did not
differ by tree cover class (P<0.05), but those dominated by natural grass differed by tree
cover class (P<0.001). In the plots dominated by natural grass, the tree cover class higher
than 30% had lower total grass cover than the low and moderate classes (P<0.001). In the
plots dominated by cultivated grass, the tree cover class higher than 30% tended to have
lower grass cover. Total grass cover of both cultivated and natural grass did not differ by
slope class (P<0.05). For both grass types, the slope class between 10-30% had the

highest grass cover, and the slope class higher than 30% showed the lowest grass cover.
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Table 4.3

Total grass cover by dominant grass type, tree cover and slope class

Dominant grass type
Cultivated grass Natural grass
Classification Frequency Total grass Frequency Total grass cover
on plots cover (%) on plots (%)
Tree cover class
<10% 23 55.0+5.4 28 48.2+4.9
10-30% 21 57.8+6.1 29 38.3+4.8
>30% 17 40.6+7.7 35 21.343.1
Slope class
<10% 20 50.2+6.7 41 35.0+4.0
10-30% 28 559452 31 40.0+5.0
>30% 13 46.2+8.3 20 26.5+4.8
Total 61 51.5+3.7 92 35.0+2.7

Note: Means+Standard errors

4.3.2.2 Grass cover by dominant grass species

Grass cover, total herbage cover and tree cover by dominant grass species are
presented in Table 4.4. Grass cover differed significantly by dominant grass species
(P<0.01). As a whole, grass species are classified into high grass cover [Pennisetum spp.
(mean 75%), B. brizantha (65%), and I, ciliare (65%)), medium grass cover H.rufa (49%),
and low grass cover [P, maximum (30%), P. notatum/conjugatum (31%) and Digitaria sp.
(26%)]. It should be noted that the cultivated grass species, P maximum, H. rufa and C.
nlemfluensis were dominant in less than half of the plots found.

On average, 42% of the sample plots were covered by grass (graminea) and 56% were
covered by broadleaves species and dry materials, comprising 98% of the total herbage

cover (Table 4.4). Natural grass species were found in 94% of the evaluated plots, but were
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the dominant species in 68% of the plots. Leguminosae such as Mucuna pruriens, Vigna
vexillata and Desmodium sp. were found in 72% of the plots, covering approximately 5%
of the area (mean 1.4%, n=153). Bare soil was observed in approximately half of the plots

covering 4% of the area (mean 2.2%, n=153).
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4.3.2.3 Correlation analysis between grass and tree cover by dominant grass species

Correlations between grass cover (total and that of the specific species) and tree cover
by dominant grass species are shown in Table 4.5. Tree cover and total grass cover were
significantly correlated only in those plots dominated by natural grass species (P
notatum/conjugatum, Digitaria sp. and I ciliare, P<0.05), suggesting that cultivated grasses
were more tolerant to tree cover except for H. rufa, whose correlation coefficient was close
to being significant (1=0.467, p=0.068). However, correlations between tree cover and
grass cover were significant only for Digitaria sp., suggesting that grass cover of the other

natural grass species was not significantly influenced by tree cover.

Table 4.5
Correlations between tree cover and total and species’ grass cover by dominant
species
Variables P maximum B. brizantha H. rufa ﬁaf?ﬁfgg{% Digitaria sp. I ciliare
Number' 17 19 16 31 14 13
Total  grass (0sg  .0062 0467  -0359%  -0.688%  -0.638*
cover

Gr f
rasscoverol - h112 0013 0349 -0222 -0.654* 0473
the species

Note: Pearson correlation, P<0,05% P<0.01%**

"Number of the plots where the species were dominant.
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4.3.3 Tree survey

Common tree species found in the grazing areas are shown in Table 4.6. A total of
2,828 trees of 76 species were found in 153 plots with a total cover area of 27.6 hectares.
The six most common species represented 71% and 64% of the total number of stands and
the total basal area, respectively. G wuimifolia was the most frequent species and was
found in 63% of the plots (96 plots) occupying approximately 31% of the total basal area
and 26% of the total number of stands. The average DBH of G. wlmifolia, E. cyclocarpum,
and A. saman were relatively large (19-23cm), while the average DBH of T. rosea, C.
alliodora, and P. pleosthachyum were relatively small (11-14cm). G sepium was not a

frequently found species; only 89 trees in 19 plots were found.
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Table 4.6:

Cemmon tree species in grazing areas in the Matiguas region, central Nicaragua

Numb Number of
e N
Trees/ha cm” cm
Guazuma ulmifolia  Guacimo 718  26.0 96 12378 22
Tabebuia rosea Roble 366 133 64 1592 11
Cordia alliodora  Laurel 358 13.0 70 2614 14
Platymiscium Coyote 236 85 50 1839 13
parviflorum
Enterolobium .
eyclocarpum Guanacaste 203 7.4 64 3560 19
Albizia saman Genizaro 137 5.0 56 2883 23
Gliricidia sepium 20T 89 3.2 19 1988 25
negro
Psidium guajava  Guayaba 61 22 28 345 13
Cupania sp. Cola de e 17 9 272 13
pava
Tabebuia ochracea Cortez 43 1.6 I5 333 I5
Leucaena shannonii Frijolillo 40 1.4 15 294 15
Cassia grandis Carao 39 14 21 848 25
Genipa americana  Jagua 37 1.3 14 193 12
Spondias mombin  Jobo 29 11 24 1036 30
Inga vera Guaba 26 09 12 507 22
Cordia bicolor Muneco 24 0.9 17 358 20
Vochisia ferruginea Zopilote 22 0.8 16 250 18
Lysiloma auritum  Quebracho 20 0.7 8 846 31
Elaeis oleifera Corozo 19 0.7 2 1576 53
Albizzia longapedata Gavilan 18 0.7 12 171 15
Others 351 127 5218 22
Total 2,828 102.5 39,102 22

Source: Based on the measurements in 153 plots for 27.6hectares total.
'Sum of all plots.
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4.3.3.1 Distribution of major tree species by tree cover class

The percentage of basal area associated with the six major tree species are presented
by tree cover class in Table 4.7. Statistically significant differences were shown by 1) T
rosea (P<0.05) and E. cyclocarpum (P<0.01) between tree cover classes <10% and 10-30%,
2) P. pleosthachyum (P<0.05) between tree cover classes 10-30% and >30%, and 3) G
ulmifolia (P<0.03), T. rosea (P<0.01), P. pleosthachyum, E. cyclocarpum (P<0.001) and 4.
saman (P<0.01) between tree cover classes <10% and >30%. The results suggest that the
basal area of G wlmifolia, P. pleosthachyum, E. cyclocarpum and 4. saman increases, and T
rosea decreases as total tree cover increases. (. alliodora tended to show higher
percentages of basal area in the tree cover class <10%, but it was not statistically

significant.

Table 4.7
Percentage of basal area of six major tree species by tree cover class

Treecover N G ulmifolia T rosea C. alliodora P. pleosthachyum E. cyclocarpum A. saman

<10% 44 24,6456 79130 173449 4.442.5 34422 8.2+3.5
10-30% 50  30.1+4.6 6.6+1.5 9.8+24 5.142.3 11.443.0 7.8+2.6
>30% 52 308439 43+12 82+24 6.1+1.4 10.9+2.4 8.8+1.8
Total 146' 287427  6.241.1 11.5+1.9 5.2+1.2 8.8+1.5 8.3+1.5

!'Seven plots had no tree cover.

4.3.3.2 Basal area and stand density of major tree species by slope class

Basal area and stand density of six major tree species by slope class are presented in

Table 4.8. Regarding basal area, G. ulmifolia (P<0.01) and C. alliodora (P<0.001)
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differed between the slope classes <10% and 10-30%, while P. pleosthachyum differed
between the slope classes 10-30% and >30% (P<0.001). Regarding stand density, G.
ulmifolia (P<0.01), C. alliodora (P<0.001), and 4. saman (P<0.05) differed between the
slope classes 10% and 10-30%, while P pleosthachyum, (P<0.01) differed between the
slope classes 10-30% and >30%. 7. rosea did not differ significantly between slope classes.

Basal area and stand density of G. u/mifolia (and stand density of A. saman) increased
but stand density of C. alliodora decreased as slope decreased (10-30% to <10%), but basal

area and stand density of P. pleosthachyum increased at higher slope (>30%).

Table 4.8
Basal area and stand density of six major tree species by slope class

Slope level N G ulmifolia T. rosea C. alliodora P.pleosthachyum E. cyclocarpum A. saman

Basal areas (Unit cm?)
<10% 61 3,281+528 196+40 131156 124438 597+177  708£195
10-30% 59 1,284+342 372+149 773+232 239479 497+159  486+165
>30% 33 1,9961+832 304+104 562+139 882+271 988+360 229+113

Total 153 2,2344313 287-+64 472499 332471 642+122  519+104
Stand density (number of trees/hectare)

<10% 61 72+1.2 12402 0.8+03 1.0+0.4 1.0+0.2 1.5+0.3

10-30% 59  3.0+1.1  3.9+2.6 3.8+1.1 1.4+0.6 1.2+0.4 0.5+0.1

>30% 33 30411 2.040.6 27406 2.8+0.8 22407  0.5%0.1

Total 153 4.7407 2.4+1.0 23405 1.5+0.3 1.3+0.2 0.9+0.2

Mean +Standard errors.

4.3.4 Analysis related to bare soil cover

Correlations between bare soil cover and tree cover, slope level, stand density, basal
area, and total bare soil cover are presented in Table 4.9, The results show that slope level

significantly increased bare soil cover (P<0.01), and that increasing total grass cover
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significantly decreased bare soil cover (P<0.001). The percentage of bare soil cover was
positively correlated with tree cover (P<0.05), slope level (P<0.01) and basal area (P<0.05),
but not with stand density (P<0.05).

The percentage of bare soil cover was negatively correlated with total grass cover in
the plots dominated by both cultivated (P<0.001) and natural grasses (P<0.01). However,
a larger negative coefficient and smaller p value were observed for cultivated grass

(r=-0.505, P<0.001) than for natural prass (r=-0.313, P<0.01).

Table 4.9
Correlations between bare soil cover and other measured variables

Tree Slope Tree  Tree basal

iabl Dominant
Variables cover level  density area Ominant grass types
(aumb Cultivated  Natural Total
‘ number ) ota
(%) (%) ha) (cm®) grass grass %)

(%) (@0=92) (%)(n=61)
Bare soil  0.163* 0.269%%  (.152 0.164%  -0.519%%% _(3]13%* .0.368%%*
cover (o) (0.045) (0.001) (0.060) (0.043) (<0.001) (0.002) (<0.001)
Pearson correlation (p value), * P<0.05 **P<0.01, ***P<0.001. n=153.

4.4 Discussion

4.4.1 Grass cover by grass type and tree cover

The results showed that grass cover differed by grass type (P<0.01). Grass cover
percentages for the plots dominated by cultivated grass were not affected by tree cover, but
those dominated by natural grass differed by tree cover class (P<0.001). These results

may suggest that cultivated grasses are generally more tolerant of tree cover. Natural
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grass species were found in more plots than cultivated grass species (144 vs. 107 plots,
Table 4.4), It is suggested that natural grass species were important to maintain grass
cover, although they were not dominant species in many plots. P notatum/conjugatum
were the most commonly found species in the study (85 plots, 56% of the sample plots,
Table 4.4). Cultivated grass species accounted for 70-80% of the total grass cover (Table
4.4), the rest being represented mainly by P. notatum/conjugatum.

Grass cover differed between the tree cover classes 10-30% and >30% (P<0.01), but it
did not differ between the tree cover classes less than 10% and 10-30% (Table 4.1). 1t
may suggest that the tree cover higher than 30% generally affects grass cover under

existing pasture conditions of grazing areas in the study area.

4.4.2 Grass cover by slope class

The results show that grass cover was not affected by slope class (P<0.05). However,
the correlation between the total bare soil cover and slope was positive (P<0.001, Table 4.9).
The loss of vegetative cover increases peak and volume of stream flow during intensive
rain and significantly increases sedimentation in runoff water (Hamilton and Pearce, 1987),
thus causing soil degradation. Greater bare soil cover was observed in particular on slopes
steeper than 40%. It may suggest that soil degradation is occurring on that level of slopes.
Decreasing grass cover of both natural and cultivated grasses, which was potentially related
to soil conditions due to slope (P<0.01), increased bare soil cover (P<0.01, Table 4.9). It
should be noted that the correlations with bare soil cover by the plots dominated with
cultivated grass had larger negative coefficients with smaller p values than those of natural

grass, suggesting that bare soil cover had larger negative impacts on cultivated grass
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species than natural grass species (r=-0.505, P<0.001 against r= -0.313, P<0.01 in Table
4.9). On the other hand, tree cover had larger negative impacts on natural grass species than
cultivated grass species (Table 4.5). It may be suggested that some natural grasses can do
better under degraded soil conditions than cultivated grass species, but cultivated grass
species are more tolerant to tree shade. However, it should be noted that the most
common natural grass species in the study area, P. notatum/conjugatum, are considered to
be shade tolerant (Wong, 1990). Therefore, it is likely that natural grasses had less grass
cover under shade due to weed invasion, It is possible that farmers weed more intensively
in open lands than under shade in order for natural grasses to recover, causing more severe

weed invasion in shade conditions.

4.4.3 Grass cover by grass species

The results suggest that grass cover differed by species (P<0.01). The plots
dominated by B. brizantha and Pennisetum spp. showed high grass cover (65% and 75%
respectively, Table 4.4) with relatively moderate tree cover (23% and 22% respectively),
while P. maximum and H. rufa (especially P maximum) were had relatively low to medium
grass cover (31% and 49%, respectively) and moderate to low tree cover (25% and 15%,
respectively). According to Wong (1990), pasture yields for high yield species such as B.
brizantha and P. maximum are not affected by light disturbance up to 25% especially when
nitrogen is not supplied. The percentage of tree cover in the plots of B, brizantha and
Pennisetum spp. and P. maximum were close to the acceptable light disturbance level

suggested by Wong (1990). In addition, B. brizantha showed higher grass cover due to its
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recent establishment. Moreover, it should be noted that grass cover was calculated as total
grass cover (the sum of natural and cultivated grass species) and classified by dominant
grass species. Therefore, grass cover was calculated only by those plots “dominated” by a
species even though the species were present in other plots as non-dominant species.
Among natural grass species, I ciliare showed high grass cover (67%, Table 4.4). 1t
may be caused by alelophatic effects (Arosemena, 1990). The plots dominated by P
notatum/conjugatum, and Digitaria sp. had a high percentage of tree cover (30% and 26%,
respectively, Table 4.4) and low grass cover (35% and 26% respectively). P
notatum/conjugatum are considered to be highly tolerant species to shade (Wilson et al.,
1990; Wong, 1990), but the study results showed a negative correlation with tree cover
(Table 4.5) probably suggesting that P. notatum/conjugatum plots are largely invaded by
weeds due to their slow growing nature (Duke, 1983). One potential reason for the
predominance of these species over other species is their high resistance to heavy trampling

(Garcia, 1996).

4.4.4 Other natural grasses and other plants

Natural grass species except for Paspalum notatum/conjugatum, Ischaemun ciliare,
and Digitaria sp., were summarized as “others”. In fact, Zacaton (Paspalum
virgatum/fasciculatum) and Peludo (Ixophorus onisetus) were commonly found in the study
area. Both species were generally treated as weeds by farmers and their consumption by
cattle appeared to be very limited. However, in the dry season these grass species may
support cattle when other forages are in shortage. Some farmers suggested that P

virgatum/fasciculatum have hard textured leaves; therefore, cattle probably consume less
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than I. onisetus which has softer leaves. Other species like Digitaria sanguinalis, Fleusine
indica, and Rothoellia spp. were also found during the survey but only in limited quantities.

The use of legumes may mitigate seasonal reduction in forage production because
legumes often grow during the drier periods (Bayer and Waters-Bayer, 1998). The results
showed that leguminous species such as Mucuna pruriens, Vigna vexillata and Desmodium
sp. were found in approximately half of the plots covering 5% of the area. However,
utilization of these species by cattle is probably limited due to the low coverage of the area.
Further studies are recommended on the role of less palatable grasses and other broadleaves

plants as cattle forage in the dry season.

4.4.5 Low grass cover of P. maximum

In the study area, P. maximum and H. rufa were the major traditional cultivated grass
species. Among cultivated grass species, it was found that P maximum had low grass
cover, only 31%. P maximum was found in 49 plots, but dominated only 18 plots (Table
4.4), highlighting the fact that there were many plots in which P maximum was present
with low cover.

P. maximum has high crude protein and digestibility, but requires high soil fertility
(Peters et al,, 2003). Therefore, it is possible that the importance of P maximum
decreased due to the lowered soil fertility after years of grazing. Without fertilization,
weed competition is severe in the wet tropics because it is perennial bunch grass allowing
other plants to grow in between (Skerman and Riveros, 1990). P maximum responds very
well to fertilization (Peters et al.,, 2003); therefore, application of fertilizers may be

recommended in order to maintain the cover of the species.
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In addition, it was observed that P maximum tended to be drier than B. brizantha
which is a drought tolerant species (Peters et al., 2003), resulting in lower grass cover in the
early dry season. P. maximum produces seeds throughout the year, while H rufa produces
seeds at the end of the wet season. It was observed that farmers kept cattle out of the
paddocks of H. rufa at the end of wet season in order to ensure the seeding of the species.
Contrary to P maximum, H. rufa requires lower soil fertility and can compete successfully
with weeds (Skerman and Riveros, 1990). It is possible that grass cover of H rufz was
higher than P maximum due to its adaptation to Jower soil fertility, seasonal seeding control,
and less weed invasion.

It is also important to consider the effects of pasture conservation and cattle grazing.
It is generally considered that conserved pastures are maintained in well-fenced small
paddocks. In fact, the mean paddock size of plots dominated by B. brizantha was much
smaller than those of P maximum (1.4 ha against 6.7 ha). Since the survey was
undertaken between December and February, between the end of the wet season and the
beginning of the dry season, B. brizantha and Pennisetum spp. were probably conserved for
dry season fodder. On the contrary, it was possible that areas of P, maximum were heavily
grazed during this period in order to maintain the areas of B. brizantha. Further studies
are recommended regarding seasonal changes of grazing management for different grass

species.
4.4.6 Major tree species in grazing areas

G. ulmifolia, the most abundant tree found in the grazing areas, is a pioneer species

used for tree cover, forage and fruits for cattle feeding, posts and firewood (CATIE, 1991).
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G. wimifolia showed the highest percentage of basal area in all of the tree cover classes
(Table 4.7). The abundance of G w/mifolia is probably because the seeds can be
distributed by large animals (Jansen, 1982). It was observed that farmers collected the
fruits of G, wlmifolia to feed cattle. Studies by Bressani et al. (1981) suggested that up to
30% of the flour made from fruits of G. wimifolia does not affect performance of calf
growth. A higher percentage of basal areas for G. ulmifolia was observed in the higher
tree cover classes, but a statistical difference was found only between the tree cover classes
<10% and >30%, suggesting that G. ulmifolia is most commonly found in clustered stands.
However, 25% of the basal area for the tree cover class <10% was associated with G
ulmifolia, suggesting that this species is also spread throughout the grazing areas as
individual trees. Both larger basal areas and higher stand density of G wmifolia were
observed at the slope class <10% than at 10-30% (P<0.01), suggesting better establishment
of the species on flat areas,

C. alliodora, P. pleosthachyum and T rosea, pioneer species which produce timber
with little tree cover for animals, were found as relatively small trees (DBH <15 cm on
average, Table 4.6). C. alliodora was one of the most common species and is largely
planted and utilized for furniture in Costa Rica (CATIE, 2004). C. alliodora is not tolerant
to poor drainage or compaction, and requires high fertility to be able to grow well. P
pleosthachyum has hard and heavy timber but is rarely planted in the region (CATIE 2004).
The basal area and stand density of C. alliodora were higher at the slope class >30% than
10-30% (P<0.001), while stand density of P. pleosthachyum was higher at the slope class
>30% than 10-30% (P<0.01). It suggests that both species performed better on sloped

land. C. alliodora performed better on moderate slopes of 10-30% while P. pleosthachyum
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performed best on steeper slopes (>30%). It is possible that poor growth of these species
on flat areas with compacted soil caused by higher grazing pressure and poor drainage due
to the heavy clayey textures (CATIE, 1994) resulted in smaller size and better growth of
these species on slopes.

T rosea did not differ significantly by slope class, suggesting its potential on slopes.
However, it was observed that 7. rosea produced dense tree cover due to its large leaves and
dense natural regeneration. Therefore, in order to maintain grass cover, they probably
need to be thinned though for timber production purposes it is better to maintain dense
plantations since stems tend to separate in open area in the first few years of growth
(CATIE, 2004).  Accordingly, T rosea can be produced densely at specific areas on slopes
avoiding interaction with grass production. Further studies are recommended for these
species regarding potential production in grazing areas, especially on slopes.

E. cyclocarpum and A. saman, which were found as relatively large sized trees (DBH
approximately 20cm on average, Table 4.6), are nitrogen fixing legume species that
improve soil fertility and produce valuable timber and shade for animals. Stand density of
A. saman was higher at slopes less than <10% (P<0.05), while E cyclocarpum tended to
have increased basal area and stand density by slope (Table 4.8). A possible reason is that
A. saman grows better on the bottom of valleys due to its high water demand. In fact, it
was observed that 4. saman had greener leaves than other trees at the end of the dry season.
The other reason is that seeds are distributed by cattle manure and cattle spend more time
on flat lands (Jansen, 1982). Further studies are needed to determine the causes of tree
growth under different ecological and cattle related conditions.

In particular, 4. saman was preferred by farmers since the pods, which are usefu! for
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cattle feeding, drop from trees at the end of the dry season (Jansen, 1982). The pods had
value in local markets. The fruits contain protein and carbohydrates and can increase
daily milk production at the end of the dry season (CATIE, 2004). E. cyclocarpum is
considered to be a dry zone species known as one of the largest canopy trees in pasture
lands in the Pacific region. The pods fall gradually over a period of two months in the dry
season, and they are therefore available as feed for cattle over a prolonged period (Hughes
and Stewart, 1990). However, local farmers indicated that the seeds of E cyclocarpum
affect fertility. Thus, it was observed that E. cyclocarpum were cut for timber. Further
studies regarding animal performance, especially the influence of supplementary feeding

with E. eyclocarpum on calving are recommended.
4.5 Conclusions

The study evaluated grazing areas of dual-purpose cattle farms with regard to grass
cover, tree cover and slope. The resuits showed that grass cover differed by grass types,
grass species and tree cover class. Grass cover differed significantly only for the highest
tree cover class (> 30%), suggesting that tree cover over 30% reduces grass cover under
existing conditions.

The study results also suggested that as a whole grass cover was not affected by slope.
However, bare soil cover increased with slope whilst grass cover declined. This is
probably a result of soil degradation. Increasing bare soil cover had larger negative
impacts on cultivated grass species than natural grass species.

On average, the plots dominated by cultivated grass species showed higher grass

cover than natural pastures except for those with I ciliare and P maximum. Low cover of
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P maximum may be caused by low soil fertility caused by years of grazing without
fertilization.

Common tree species found in grazing areas in the study area were G. w/mifolia, E.
cyclocarpum, and A saman with mean DBH approximately 20cm, and 7' rosea C.
alliodora, and P. pleosthachyum with mean DBH smaller than 15cm. G ulmifolia and A
saman were found most commonly in flat areas. C alliodora and P pleosthachyum were
found most commonly on slopes, The abundance of P pleosthachyum was strongly
influenced by slopes >30%, suggesting that it may be possible to produce these trees on
slopes.

Further research is recommended on the following topics: natural pasture
management; rtelationships between weeding intensity, stocking rates and sward
composition; feasibility of pasture improvement by cultivated grass species (especially B.
brizantha);, and causes of pasture degradation of P. maximum; potential utilization of

non-graminae species including leguminosa for cattle production.

114



References
Arosemena, 1990. Determinacion de mecanismos de interferencia por alelopatia y
requerimientos externos e internos de fosforo en pasto ratana (Ischaemun ciliare Merrill).
Master Thesis. CATIE. 124p.
Bayer W; Waters-Bayer, A. 1998. Forage husbandry. Tropical Agriculturalist. ICTA/GTZ.
Macmillan Education Ltd. 198p.
Bressani, R; Gonzalez, JM; Brenes, RG. 1981. Evaluacidn del fruto del Caulote (Guazuma
ulmifolia, Lam) en la alimentacion de terneros. Turrialba 31(4): 281-285.
CATIE (Centro Agronémico Tropical de Investigacion y Ensefianza) 1991. Guacimo:
Especie de arbol de uso miltiple en América Central. Informe Técnico No.165. 71p.
CATIE(Centro Agron6mico Tropical de Investigacion y Ensefianza) 1994. Laurel: Especie
de arbol de uso muiltiple en América Central. Informe Técnico No.239. 41p.
CATIE(Centro Agronémico Tropical de Investigacién y PBnsefianza) 2004, Arboles de
Centroamérica. Manual para extensionistas,
Cruz, P. 1997. Effects of shade on the growth and mineral nutrition of a C4 perennial grass
under field conditions. Plant and Soil 188(1): 227-237.
Duke, JA. 1983. Handbook of Energy Crops. Unpublished.
http://www.hort.purdue.ediw/newcrop/duke_energy/Panicum_maximum.htm]
Durr, PA; Rangel 1. 2000. The response of Panicum maximum to a simulated subcanopy
environment I. Soil X tree cover interaction. Tropical Grasslands 34(2): 110-117.
Durr, PA; Rangel J. 2002. Enhanced forage production under Samanea saman in a
sub-humid tropical grassland. Agroforestry Systems 54(2): 99-102.

Garcia, EG. 1996. Manual de forrajes en Nicaragua.

115



Hamilton, LS; Pearce, AJ. 1987. Biophysical aspects in watershed management. In
Watershed resources management: An integrated framework with studies from Asia and
the Pacific. Studies in Water Policy and Management. No.10. Westview press.

Harvey, CA; Haber, WA. 1999. Remnant trees and the conservation of biodiversity in Costa
Rican pasture. Agroforestry Systems 44(1): 37-68.

Hidalgo, DM; Kleinn, C; Kunth, S. 2002. Manual de campo para el censo de arboles en
potreros. Project Fragment. University of Gottingen. 26p.

Hughes, CE; Stewart, JL. 1990. Enterolobium cyclocarpum: The ear pod tree for pasture,
fodder and wood. NFTA Highlight. 90-05. Nitrogen Fixing Tree Association. Waimanalo,
Hawaii.

INTA (Instituto Nicaragiiense de Tecnologia Agropecuaria). 1998. Zonificacién agro
socioecondmica agencia Matiguas. 72p.

Jansen, DH. 1982, Costa Rican natural history. Jansen, DH. Eds. The University of Chicago
Press. 816p.

Kaimowitz, D. 1996. Livestock and Deforestation: Central America in the 1980s and
1990s: A Policy Perspective. CIFOR Special Publication. 88p.

Levard, L; Lopez, YM; Navarro, I. 2001, Municipio de Matiguas: potencialidades y
limitantes del desarrollo agropecuario. UCA/FIDA/NITLAPAN. 83p.

Maldidier, C; Marchetti, R. 1996. El Campesino-Finquero y el potencial econémico del
campesinado nicaragiiense. NITLAPAN, 174p.

Mpyers, N. 1981. The Hamburger Connection: How Central America’s Forest Became North
America’s Hamburgers. AMBIO 10: 3-8,

Nicholson, CF; Blake, RW; Lee, DR, 1995. Livestock, deforestation, and policy

116



making :intensification of cattle production systems in Central America revisited. Journal
of Dairy Science 78(3): 719-734.

NITLAPAN. 1995. Diagnostico de la Produccion Agropecuaria en el Interior del Pais.
Analisis de Encuesta Rural. Proyecto de Tecnologia Agraria y Ordenamiento de la
Propiedad Agraria.

Parsons, J. 1976. Forest to Pasture: Development or Destruction? Revista de Bioclogia
Tropical 24(1): 121-138.

Peters, M.; Franco, LH; Schmidt, A; Hincapié, B. 2003. Especies Forrajeras
Multipropésito: Opciones para productores de Centroamérica. CIAT. 113p.

Shelton, HM; Humphreys, LR; Batello, C. 1987. Pasture in the plantations of Asia and the
Pacific: performance and prospect. Tropical Grasslands 21(4): 159-168.

Skerman, PJ; Riveros, F. 1990. Tropical grasses. FAO. 832p.

Smith MA; Whiteman. PC. 1983. Evaluation of tropical grasses in increasing shade under
coconut canopies. Experimental Agriculture 19(2): 153-161.

Souza de Abreu, MH. 2002. Contribution of trees to the control of heat stress in dairy
cows and the financial viability of livestock farms in humid tropics. Ph.D. thesis. CATIE.

Szott, L; Ibrahim, M; Beer, J. 2000. The hamburger connection hangover: Cattle pasture
land degradation and alternative land use in Central America. Serie Técnica No.313.
CATIE. 71p.

Wheater, CP; Cook, PA. 2000, Using statistics to understand environment. Routledge.
245p.

Wilson, JR; Ludlow, MM. 1990. The environment and potential growth of herbage under

plantations. /n Shelton, HM; Stur, WW. Eds. Forages for plantation crops, ACIAR

i17



Proceedings No. 32. Canberra. ACIAR. p.10-24.
Wilson, JR; Hill, K; Cameron, DM., Shelton HM. 1990. The growth of Paspalum notatum

under the shade of Eucalyptus grandis plantation canopy or in full sun. Tropical

Grasslands 24(1): 24-28.

Wong, CC. 1990, Shade tolerance of tropical forages: a review. In Shelton, HM; Stur, WW.

Eds. Forages for plantation crops. ACIAR Proceedings No. 32:Canberra. p.64-69.

118



Chapter 5 (Article 3)
Herd management, productivity, and tree covers in grazing lands of
dual-purpose cattle farms at the semi-humid old agricultural frontier in

central Nicaragua

Key words: dual-purpose cattle production, pasture type, silvopastoral system, herd dynamics,

milk production

Abstract

Cattle production in the humid lowland tropics has been criticised for its extensive
management system, low productivity and high burden on the environment Dual-purpose
cattle production systems have been preferred by small and medium sized farms in such
regions due to low capital and technical demands with low risk for farmers. Intensification
of existing dual-purpose cattle farms has been recognized as a key target to reduce
deforestation in Central America. Herd management was monitored seasonally and relations
with land use patterns based on grass cover and tree density were examined for 74 farms based
on satellite images in semi-humid regions of central Nicaragua.

The results showed that grazing lands were largely covered by tree cover (23% on
average), degraded pasture (32%) and pastures with low and moderate tree densities (42%).
Although cattle were frequently moved from and to the farms, stocking rates did not differ by
season (P<0.05). The maintained stocking rates as well as significantly higher occurrences

of calving (P<0.05) seemed to cause serious fodder shortage for cattle in the dry season,
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to have higher adult mortality rates In addition, smaller farms tended to have higher
stocking rates, natural pasture with lower tree density (LTNP) (P<0 05), and a tendency to
have less degraded pastures It is suggested that smaller farms were more intensive in terms
of animals and amount of weeds, but more extensive in terms of pasture species, Further
research is recommended on improvement of calving rates, fodder availability in the dry
season, effects of land use pattern on production, the feasibility of pasture improvement, and

cattle movement and sharing.

5.1 Introeduction

Conversion of land use from tropical forest to pasture has been criticised as one of the
causes of deforestation in the humid tropics of Central America (Parsons, 1976; Myer, 1981,
Kaimowitz, 1996). At the old agricultural frontier in central Nicaragua, due to the political
pressure during the civil war in 1980s, large cattle farms that had been abandoned during the
civil war in 1980s were divided into small and medium sized farms in the early 1990s (Levard
et al, 2001). Presently, 90% of accessible cultivated lands in lowland are occupied by
pastures, and small farms comprises most of the total farms (NITLAPAN, 1995). In order to
take advantage of family labour and to overcome constraints by limited land and capital, such
small and medium sized farms are largely engaged in dual-purpose cattle production systems.
Dual-purpose cattle production systems have been preferred by small and medium scaled
farms due to the following advantages: 1) reduced risk from price changes of milk and meat,

2) higher economic productivity per area than meat production, 3) adaptation of dual-purpose
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cattle to the climate condition of lowland tropics, 4) less capital investment and technical
support required than for specialized milk production, and 5) reduction of mastitis incidence
due to calf suckling (Holmann, 1989; Souza de Abreu, 2002).

Nicaragua is considered to be one of the poorest countries in Latin America. It has a
population of 5.3 million, a per capita GNI of US$720, and 48% of the population is under the
national poverty line (World Bank, 2004). Cattle production is an important activity of the
agricultural sector in Nicaragua. In the last few years cattle population has increased
reaching more than 3.3 million head in 2001 (FAQ, 2003). In particular milk export has
increased since 1996 reaching US$3.5 million in 2001, which is 30 times larger than 10 years
ago (FAQ, 2003). In order to reduce the effects of deforestation, intensification of existing
dual-purpose cattle farms was recognized as a key target in Central America (Nicholson et al.,
1995).

Dual-purpose cattle production systems of lowland tropics are of intermediate intensity,
are very efficient in the use of medium and poor quality forage resources, and have low
calving rates and milk production per hectare per annum (Sere and De Vaccaro, 1985). The
quantity and quality of products vary adjusting to the local conditions and the prices. Land
and cattle constitute the main capital investment in the system and mating is natural or
uncontrolled. Rotational grazing and some form of weed control is being conducted (Chapter
3). Dual-purpose cattle farms in central Nicaragua have higher stocking rates than larger
farms (Ruiz, 1994) and grazing areas are largely occupied by natural pastures and naturally
regenerated trees (Chapter 3). Many of these trees are beneficial for cattle production,

particularly in the dry season. Simultaneously, in order to improve productivity and maintain
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cattle in the dry season, cultivated pastures, including those for cut and carry, were sown to a
certain extent in the region (Chapter 3). On the other hand, as a feature of the dual-purpose
cattle production systems, herds are composed of various types of cattle: lactating and dry
cows, heifers, bulls, and calves, whose nutritional requirements are different from one another.
As a results, farmers need to control pasture lands with a variety of pasture conditions and tree
densities, stocking rates composed of different cattle types, and supplemental feedings within
economic constraints. The objective of this chapter is to assess land use patterns of grazing
areas by satellite images, and herd management of dual-purpose cattle farms and to examine
the relationships between them. In order to contribute to knowledge for potential
modification, the emphasis was placed on examining the level of intensification for the

indicators of herd management and land use patterns by classifying the farm types.

5.2 Materials and Methods

5.2.1 Site

The study area is located in Matiguas Municipality in Matagalpa Department, central
Nicaragua: Latitude 12° 50’ north and 85°27° Longitude east The altitude is 200-500m above
sealevel The climate of the study area is sub-humid tropical with a well-defined dry season
between February and May (savanna (Aw) by Koppen climate classification). Annual
rainfall varies from 1,300 to 2,000 mm, while temperature fluctuates between 28 and 32°C.

Topographically, the land is generally flat with modest slopes (0-30%) but with small areas of



steep slopes (> 30 %) (INTA, 1998).

Population density of the study area is approximately 29 inhabitants/km”® (Levard et al.,
2001). Cattle production is the main economic activity in the region where pasture
dominates lowland (altitude <400m) areas (Maldidier and Marchetti, 1996). The soils are
generally heavy clayey, which are difficult to cultivate with light equipment and are thus more
suitable for cattle production than for crop cultivation (Levard et al., 2001).

The Matiguas region is considered to be a part of “the old agricultural frontier” where
large immigration occurred in the late 1940s seeking land for extensive grazing to meet the
demands of the international meat market (Maldidier and Marchetti, 1996). Due to the
political pressure during the civil war in the 1980s, large haciendas were abandoned and in the
garly 1990s were divided into small and medium sized farms and made available to landless

farmers (Levard et al., 2001).
5.2.2 Farm selection

This study was based on data from the project “Regional integrated silvopastoral
approaches to ecosystem management project” undertaken by CATIE and NITLAPAN under
(Global Environment Facility (GEF) of World Bank.

The Matiguas region is divided into four zones based on agro-ecological conditions: 1)
relatively flat areas near the town of Matiguas where medium scale cattle farm enterprises are
present (annual precipitation 1200.-1600mm); 2) the south-eastern part of Matiguas where

medium scale cattle farms are present under more humid condition (>2000mm pa), 3)
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north-western Matiguas where intensive farms are present in the highlands (>500m above the
sea level), 4) the central part of the municipality and north of the town of Matiguas with
steeper slope (30-50%) and moderate precipitation (1600-20060mm) (Levard et al., 2001).
Sample farms were selected from two micro-watersheds: Limas and Paiwas covering three of
the four agro zones (1, 2, and 4 of the classification above), which were considered to be
important for cattle production. The town of Matiguas is located at the northern side of
Limas. The distance between the two watersheds is approximately 20 km. Both areas are
served by milk collectors

In each watershed, initially all the farmers were invited to participate in the project.
Information about the project was disseminated by project staff of NITLAPAN through visits
to those farms in the NITLAPAN data base. After several workshops and farmer interviews,
the farms were selected based on the criteria: (1) farm size (10-140 ha); (2) farms with more
than 3 cattle; (3) willingness to participate in the project and (4) accessibility.

According to the database owned by NITLAPAN, there were approximately 190 farms in
the watersheds and 130 farms were initially selected by the project at the beginning of 2003.
The intention was to complete farm surveys using farm visits and project meetings. Farmers
were provided with financial incentives to participate in the project. However, due to
difficuities encountered when trying to meet farmers (e.g. selling or abandoning the farms,
poor attendance at meetings, or high water level of the river during the rainy season) collection

of both land use and herd data was completed for only 74 farms by the end of 2003.

5.2.3 Land use survey

124



Satellite images taken by Quick Bird (Resolution 0 7m with three natural colours) in
January 2003 were used for land analysis. Farm boundaries were mapped out with farmers’
participation using satellite photos based and on-site geo-referencing with GPS. After the
farm mapping, boundaries of land use types inside each farm were specified in the satellite
images. Land use types in the farms were classified into annual and perennial crop
cultivations, pasture land, forage bank, fallows and forests based on the observations of tree
density. Grazing lands were classified into nine types based on the conditions of dominant
pastures and tree densities (Table 5.1). Pasture in the grazing areas were classified into three
types: (a) degraded pasture (more than 50% are covered by herbaceous and woody
broadleaves); (b) cultivated pasture (introduced pasture species under management which are
generally considered as suitable for cattle production, e.g., Asia (Panicum maximum), Brizanta
(Brachiaria brizantha), Jaragua (Hyparrhenia rufa), Estrella (Cynodon niemfluensis), and
Gamba (Andropogon gayanus); (¢) natural pasture (all other pasture species including native
and naturalised species). The free density was classified into three groups: high (more than
30 trees (DBH>10cm)/hectare), low (less than 30 trees (DBH>10cm)/hectare) and none.
Hereinafter the four types of land use types, natural and cultivated pastures with low and
moderate tree densities are called silvopastoral areas. A tree density of 30 trees/hectare was
used because tree density over 30 trees/hectare is generally considered to affect grass cover
(Murgueitio et al,, 2003). In addition to the pasture in the grazing areas, the supplementary
forages for cut and carry [King grass (Pemnisetum purpureum x Piyphoides), Taiwan

(Pennisetum purpureum) and Sugar cane (Saccharum officinarum)] are sown in forage banks.
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Cattle were grazed mainly on pasture lands, but they also had access to fallow and forests.
Fallows and riparian forest were included, but secondary and primary forests were excluded
from grazing areas since generally cattle did not graze in these areas. Types and conditions of
pastures (natural, cultivated or degraded) and tree densities were verified during the wet

season In 2003 by field observations for all land uses of all the sample farms.

Table 5.1
Land use types of grazing lands

Land use types Abbre.'! Grasscover Tree density
Degraded pasture DGPS < 50% NA.
Natural pastures with no trees NTNP > 50% Nominal
Cultivated pasture with no trees NTCP > 50% Nominal
Natural pasture with low tree density LTNP > 50% <30 trees’ha
Cultivated pasture with low tree density LTCP > 50% <30 trees/ha
Natural pasture with moderate free density MTNP > 50% >30 trees/ha
Cultivated pasture with moderate tree density MTCP > 50% >30 trees/ha
Fallow FAL None NA
Riparian forests® FRST None NA

N.A_ Not available.

'These abbreviations were used for variables of the proportion of the land use types for
grazing areas.

*Forest area excluding secondary and primary forests.
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Table 5.2
Classification of land use types based on dominant cover and tree density

Dominant cover

Tree density Broadleaf plants Natural pasture  Cultivated pasture
None DGPS NTNP NTCP
<30 trees/ha DGPS LTNP LTCP
>30 trees/ha DGPS MTNP MTCP
High FAL - -
Very high FRST - -

In addition to the nine types of grazing areas, areas of recently sown pasture species
{(supplemental cut and carry forages, mainly Pennisetum spp., and Brachiaria brizantha) were
carefully considered since these pasture species may have a significant influence on cattle
production (Section 3.3.7). Hence, the proportions of these two pasture species within

grazing areas were recorded.

5.2.4 Tree cover study

Tree cover was recorded for each land use type  Estimation of tree cover was carried out
on the images with the 1:5,000 scale since one tree cover as large as 56 m” (equal to the size of
7.5m’, approximately 8.5m in diameter of trees) is seen as a point. The individual trees

smaller than this size were ignored. Tree cover was analysed by ARC VIEW 3.3 as follows.

1) Forest areas where lands were totally covered by trees were manually drawn on the

satellite image for each farm.
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2) On the images with a 1:5000 scale, large dispersed trees as large as 56 m* (equal to the
size of 7.5m’, approximately 8 5 m in diameter of tree cover) or groups of trees were manually
replaced by points based on visually estimation by placing the number of points in proportion
to the size of the tree cover. Thus, one point was equivalent to the size of 7.5 m square on the
images, which was approximately 8.5 m in diameter of trees.

3) The points placed (one 7.5m” on the images) were converted into nine 2.5m” pixels
(2.5m interval grid on 7.5 m?) so that one tree cover in more than two land use types were

counted for each land use type by dividing the tree cover by 2.5m* square pixels

5.2.5 Herd survey

Data for herd size and structures, as well as changes in herd inventory (number of
animals sold/bought and born/died), daily saleable milk yields (milk produced minus calf
suckling and family consumption) and supplementary feeding were collected by structured
farmer interviews {Appendix 5.1).  Farmers were asked for information about the actnal
number of cattle on the farm at the time of the interviews and occurrences of calving, mortality,
animal sales and purchases in the previous three months (i.e. since the last interview). Cattle
were classified into lactating and dry cows, heifers, bulls and oxen (castrated male cattle for
draft purpose), steers in the fattening stage (male cattle older than 2.5 years old), steers in the
rearing stage (male cattle between 1.5 and 2.5 years old), and calves (before and after
weaning).

The interviews were conducted for 74 farms every 3 months for one year period in 2003:
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1) between the end of January and the beginning of February (the beginning of the dry season),
the end of April and the beginning of May (the end of the dry season), the end of July and the
beginning of August (the beginning of the wet season) and the end of October and in the
beginning of November (the end of the wet season), (hereinafter Jan./Feb , Apr./May, Jul /Aug.
and Oct/Nov) During the survey it was observed that some farmers did not correctly
explain the number of cattle on the farm due to the complexities of their herd management: for
example, confusion between the cattle owned by the farmers and the catfle kept on the farm.
Therefore, in the last set of interviews, farmers were specifically asked regarding overall herd
movement during the one year period and herd size was subsequently adjusted by removing or
adding the number of cattle which were or were not on the farm for a certain period. Also, in
some cases farmers had additional lands where their cattle can graze, but these areas were
outside the project area. Stocking rates were adjusted by adding the additional lands to the

farms.

5.2.6 Data analysis

The data were analysed by using MINITAB 13 (MINITAB 2000) using correlation
analysis to examine the relationships between land use and herd management variables. One
way analysis of variance were used for statistical analysis for stocking rates and milk
production per hectare since they were normally distributed.  Kruskal-Wallis tests were used
for statistical analysis for all other data, both non-parametric data and non-normally

distributed parametric data.

129



5.2.6.1 Land use types and tree cover

Mean areas and percentages of each land use type were calculated and presented for
entire farm lands and for grazing areas by the classification shown in Table 51. Mean tree
cover for the land use types of grazing areas were also calculated. The percentages of the
land use types for grazing areas were compared by the size of grazing areas (<15ha, 15-30ha

and >30ha).

5.2.6.2 Herd size and structure

Herd sizes were estimated based on livestock units (I.U) (one livestock unit is equivalent
to 400kg of liveweight). As weighing animals were not possible, the following equivalencies
were used: 1.0 for lactating and dry cows, 0.75 for heifers (1.5-3 years), 1.0 for steers in the
fattening stage (older than 3 years), 1,25 for bulls and oxen, 0.75 for steers in the rearing stage
(1.5-3 years old), 0.5 for weaned calves, and 0.25 for calves before weaning  Herd sizes and
compositions were calculated for four seasons with adjustment for cattle movement using the

following equation.

Annual mean herd size (LU)= 1/4x X% Herd (i=Seasons,1,2,3,4)

Where Herd 1 234 (LU) = 3 (months) x  Actual number of cattle in the farm (LU)
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- Number of cattle removed (LU) x Removed period (month)

+ Number of cattle placed (LU) x Placed period (month)

5.2.6.3 Stocking rates

Stocking rates were estimated by dividing an total herd size (LU basis) by the estimated
grazing area (pasture lands, fallows and riparian forests, see land use survey above 5.2.3)
based on satellite images. Where farmers used additional land used for grazing cattle, the
stocking rates were adjusted by adding the additional land to the farms (8 farms, 5 3% of total
grazing areas added). Calculations were undertaken for four seasons and the means of the
four values were used as the annual stocking rates. The formula used to estimate stocking

rate was as follows.

Stocking rate = Herd size (LU}

Grazing areas (hectare) + Additional grazing areas (hectare)

5.2.6.4 Calving and mortality rates

Seasonal and annual calving and mortality were monitored and compared by season.

These were calculated by the following equations:

Annual/seasonal calving rates = (Frequency of calving through the year or of the period)
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/ (Annual mean or seasonal total number of lactating and dry cows) x 100
Annual/seasonal adult mortality rates
= (adults died throughout the year or of the period) / (annual mean or seasonal total
number of adults ) x 100
Annual/seasonal calf mortality rates
= (calves died throughout the year or the period) / (total number of calvings

throughout the year or the period) x 100

5.2.6.5 Cattle sales and purchase

Sales and purchases of all categories of cattle, and daily saleable milk production per
farm, per lactating cow and per hectare of grazing areas (as defined in 52.3) were calculated
and statistically compared by season. Annual/seasonal sales and purchases of the cattle were
presented by the percentages of the animal type (cow, steer and calf) sold or purchased in
relation to the annual means or seasonal number of the animal type Total annual income from
animal and milk sales was calculated based on the mean prices obtained in the general farm

survey (Chapter 3).

5.2.6.6 Analysis of cattle movement

In the last interviews, farmers were specifically asked about cattle movement between the

sample farms and other farms. Herd data based on livestock units for each season were
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summmarised for all sample farms and farms were classified into three groups on the basis of
the annual data: (1) farms which receive cattle from other farms, (2) farms which send cattle to
other farms, and (3) farms which did not receive or send cattle from/to other farms. The
number of cattle moved out and placed in were summarised. The size of the grazing areas,
the stocking rates, the percentage of areas covered by degraded pasture and cultivated pasture,
and the percentage of areas with moderate tree density were compared between the farm types

based on cattle movement (1-3).

5.2.6.7 Analysis of supplementary feeding

The sample farms were classified based on the use of supplementary feeds including salt,
molasses, supplementary forages by cut and carry, and concentrates The same variables
(except for the percentage of area with moderate tree density) used for the analysis of cattle
movement (Section 5.2.6.6) were applied to analyse the effects of the type of supplements

used in the sample farms.

5.2.6.8 Correlation analysis

Correlations were determined between land use parameters, size of grazing areas and

herd parameters. The selected variables for the analysis were land use parameters

(proportion of the land use types for entire grazing area), herd parameters [stocking rates

(LU/ha); proportion of both milking and dry cows, milking cows and steers for the herds (LU
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base); and mean daily saleable milk production per hectare of grazing area (litres/ha/day); and
annual income from cattle production (US$/ha/year)], and pasture parameters (proportion of
recently sown areas with B. brizantha and cut and carry forages in relation to the entire

grazing areas).

5.3 Results

5.3.1 Land use and tree cover

Land use and tree cover of sample farms are surinarized in Table 5.3. On average, farm
size was 26.5 hectares of which grazing lands occupied approximately 80%. Grazing areas
were largely composed of nine types of land use types largely occupied by degraded pasture
(32 %), natural pasture with moderate tree density (17%), natural pasture with low tree density
(10%), and riparian forests (17%) (Table 5.4). Pastures with no trees occupied only 3.3% of
the grazing areas. Areas occupied by cultivated pastures were smaller than those of natural
pastures (14.8% against 29.9%). As a whole, the results suggest that grazing areas were
largely occupied by silvopastoral areas where trees were present with pastures, and natural and
degraded pastures were more common than cultivated pastures.

Grazing areas had 23% tree cover on average (Table 5 4). It should be noted that degraded
pasture had 18.8% tree cover which was close to the range of moderate tree density (19.6% for

cultivated pasture with moderate tree density); therefore, it is included in silvopastoral areas.
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Table 5.3

Mean land use of dual-purpose cattle farms in the Matiguas region, central Nicaragoa

Area Standard

Land use type (ha) eITor Percentage (%)
Annual crop cultivation 20 7.67 7.7
Perennial crop cultivation 05 20 20
Forage bank 08 30 3.0
Pasture lands' 16.4 142 61.8
Fallow 14 0.28 5.1
Forest’ 5.4 0.66 202
Others 0.1 0.02 02
Grazing area’ 21.3 2.00 80.0
Mean per farm 26.5 2.06 1000

Source: Satellite images based on Quick Bird, January 2003, n=74

Pasture lands were classified into seven land use types (Table 5.1).

2 Forest is composed of riparian forest, secondary and primary forests

3Grazing area is composed of seven land use types of pasture lands, fallow and riparian forest.
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Table 5.4
Description of land use types of grazing areas in the Matiguas region, central Nicaragua

Standard Percentage
Land use type Abbrev. Mean . for grazing Tree cover
erTor aren
(ha) (ha) (%) (%)
Grazing areas
Degraded pasture! DGPS 69 1.15 322 18.8
Natural pasture with no trees’ NINP 05 0.17 2.4 7.0
Cultivated pasture with no trees' NTCP 02 0.09 09 4.6
deg?tt;qal pasture with low tree ITNP 22 036 10.4 121
degslg;l?/ated pasture with low tree ITCP 15 033 70 125
dNeantgirt;lfll pasture with moderate tree MINP 3.7 0.57 172 4.8
ggéug?;:gy  pasture with moderate MTCP 15 040 6.9 196
Fallow' ? FAL 14 0.28 6.4 42.6
Riparian forest' FRST 35 13.52 16.6 84.8
Total 213 2.06 100.0 232
Land use types of specific pasture
species
Cut and carry forages® CCF 038 0.15 30
B.brizantha® BB 04 0.14 1.6

Source: Satellite images based on Quick Bird, January 2003, n=74.

'These land use types form grazing areas.

*These land use types were not included in pasture lands, but included in grazing areas.
3Tree cover was calculated by estimation at 1:5,000 scale (see method section 5.2 4).

9 Qutside of grazing areas (equivalent to Forage bank in Table 5.3).

* Included in grazing areas (within cultivated pastures)
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5.3.2 Land use and farm size

The percentages of land use types by different sizes of grazing areas are presented in
Table 5.5.  Larger farms tended to have more degraded pasture, but less natural pasture with
low tree density.  Cultivated pasture with no trees (INTCP) and moderate tree density (MTCP)
were larger on medium sized farms (P<0.05 for MTCP between <15ha and 15-30ha, tendency
for NTCP), but those with low free density did not differ by farm size. Cultivated pasture
with no trees showed high standard errors for all farm types, which were larger than 60% of

the mean values.

Table 5.5

Percentages of land use types by size of grazing area in the Matiguas region, central

Nicaragua
Land use types Category <15ha 15-30ha >30 ha

Abbrev.,
Degraded pasture DGPS 218341 300+6.1 377+73
Natural pasture with no trees NTNP 1607 1.8+09 20+14
Cultivated pasture with no trees NTCP 03+0.2 1.6+10 0.8+0.7
Natural pasture with low tree density LTNP 18.0+3.0 107429  69+28
Cultivated pasture with low tree density LTCP 79427 84426 58+2.4
Natural pasture with moderate tree density MTNP 205+36 163+46 162347
Cultivated pasture with moderate tree density MTCP 54416 11.5+33 5.7+4.4
Fallow' FAL 108436 43+1.6 59421
Riparian forests’ FRST  139+1.8 153+1.8 182421
Total Total 100.0 100.0 100.0

Note: Means +Standard errors, Unit : %.
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5.3.3 Herd size and structure

Seasonal and annual herd structures and stocking rates are summarized in Table 56. The
results show that stocking rates and herd sizes did not differ by season (P<0.05). Herd size
was at its largest at the beginning of the dry season and lowest at the end of the dry season.
In fact, stocking rates tended to be lower at the beginning of the wet season than the end of the
dry season, but herd size tended to be at its lowest at the end of dry season, indicating that
cattle were concentrated in Jarger farms in the beginning of the wet season.

The numbers of lactating cows in the herds increased toward the end of the dry season and
the beginning of the wet season. The number of dry cows and steers in the fattening stage
differed between seasons (P<0.05 for dry cows and P<0.01 for steers in fattening stages).
The results of the comparison between seasons suggested that the number of dry cows was
significantly higher at the beginning of the dry season than at the end of the dry season
{(P<0.01) and the beginning of the wet season (P<0.01). The number of steers in the fattening
stages at the beginning of dry season was greater than at the end of the dry season (P<0.05)
and the end of the wet season (P<0.05). The results suggest that herd sizes were influenced
by dry cows and steers i the fattening stage (at some farms), but they did not significantly

change the stocking rates of the entire farm.
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5.3.4 Calving and mortality

Percentages of calving and mortality for each animal type are summarized in Table 5.7.
The results show that a greater number of calves were born in the dry season (Jan/Feb and
Apr/May) than in the wet season (July/Aug and Oct/Nov) (P<0.01). Whilst the
percentages of calf mortality was higher in the end of the wet season, the percentages of
adult mortality tended to be higher at the end of the dry season. The mean annual calving
rate, adult death rate and calf death rate (+SE) were 47.0+4.13 %, 1.0+0.36 % and

15.8+4 .23 % respectively.

Table 5.7
Calving and mortality for each season
Season  Month Calving Adult mortality  Calf mortality
(% of cow) (% of adults) (% of calvings)
Dry Jan /Feb. 14 5 +1.65 (31) 0 4.6 +1.78 (29)
Apr./May 158+261(34) 057+0.30 (57) 1.5+070(9)
Wt July/Aug. 8.0+191(17)  021+020(21) 3.0 +1.70 (19)
Oct/Nov. 7.9 +£1.60 (17) 021+0.16 21) 61+3.12(39)
Annual mean 4704413 1.0+0.36 158+4.23

Note: Means + Standard Errors (% of annual mean), unit: %, n=74.
Calculated by the number of occurrences in relations to annual mean and seasonal number
of the animal type.

5.3.5 Sales and purchases of cattle

Percentages of sales and purchases of cattle are summarized in Table 5 8. Calf/steer

sales and calf/cow/heifer purchases did not differ by season (P<0.05), while cow sales
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(P<0.05) and steer purchases (P<0.05) differed by season. Higher percentages of cows
were sold at the end of the dry season than the beginning of dry season (P<0.01), and at the
beginning of wet season than the beginning of dry season (P<0.05), while steers were
purchased only at the beginning of dry season. Steer sales and purchase were reported
from only four and six farms respectively. On average, 11% of cows and 19% of calves

were sold annually.

Table 5.8
Cattle sales and purchases for each animal type for each season
Season  Month Sales Purchases
Cows Steers Calves Cow/Heifer Steers Calves
Dry Jan./Feb. 19+0.9 0.2+02 52+1.4 05+03 52423 03103
Apr/May 56+15 25+18  7.1+19 04+02 0 3.4+1.7
Wet July/Aug 2 9+0.7 0 53+1.2 0.5+0.2 0 5.3+24
Oct/Nov. 39+16 0 68+2.0 33116 0 1.9+14
Annual mean’ 108+1.8 42422 191426 45+17 66+29 101437

Note: Means + Standard Errors, Unit: %, n=74.
"Number of occurrences divided by mean number of the cattle types.

5.3.6 Milk production

Daily saleable milk production for each season is presented in Table 5 9 and Figures
51 and 5.2. The results show that saleable milk production differed significantly between
seasons on a per cow (P<0.01) and per hectare (P<0.05) basis, but did not differ on a per
farm basis.

Saleable milk production per cow was significantly lower at the end of the dry season

than other seasons (P<0.01) and it was also lower at the beginning of the dry season than
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the beginning of the wet season (P<0.01). It should be noted that saleable milk production
per cow at the end of the dry season was not only low on average but was also extremely
low on some farms (see lower whisker in Figure 5.1).

Saleable milk production per hectare at the end of the dry season was significantly
lower than the beginning of the wet season (P<0.,01). It should be noted that saleable milk
production per hectare did not change between the end of the wet season and the end of the
dry season (P<0.05), but upper whiskers became lower as dry climate became more severe
(Figure 5.2).

Saleable milk production per farm tended to be at its lowest level at the end of the dry
season and highest at the beginning of the wet season. It should be noted that daily
saleable milk production per farm was likely to be higher at the beginning of the dry season
than the end of wet season though milk yield per cow was lower at the beginning of dry
season, mdicating that more lactating cows were present in the farms in the dry season.
Moreover, estimated milk yield per cow, excluding the farms with no saleable milk
production were 3.62+0.15 lLitres/cow (n=67), 3 08+015 litres/cow (n=65), 4.051+0.12
litres/cow (1=70), and 3 88+0.14 litres/cow (n=68) for Jan /Feb. Apr/May, Tul./Aug., and

Oct./Nov. respectively.

142



Table 5.9

Daily saleable milk production for each seasen

4 Season Dry Wet

Category/Month Jan/Feb.  Apr/May  Jul/Aug.  Oct/Nowv. Annual
Mean

Per farm 280.+321 2284280 332+340 256+269 274+271

(litres/farm)

Per lactating cow 333+018 270+0.17 3.83+015 356+018 3.35+0.10

(litres/cow)

Per hectare 1334011 1204009 165+0.13 1.35+0.12 1.38+0.08

(litres/ha)

Note: Means + Standard Errors, n=74,

Figure 5.1 Milk production per cow for each season

Milk production (litre)
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Figure 5.2 Milk production per hectare for each season

Milk production (litre)
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Note: Means were indicated by solid circles. Season
Medians with interquartile range are shown in boxes with upper and lower whiskers in line

(MINITAB 2001).

5.3.7 Annual income from cattle production

Annual income from cattle is shown in Table 510 The results showed that on
average milk contributed to 73% of the income on the farms. On average sales of cows
and calves contributed 51% and 44% of the total income from animal sales. Cow and calf
sales were reported by approximately half of the sample farms (36 and 40 farms
respectively), but steer sales were reported by only 4 farms, resulting in large standard

CIT0rs.
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Table 5.10

Total annual farm income from cattle production

Category Animals Milk Total

Unit Cow  Steer Calf Total
Value USS 410+80 39+27 353473 802+128 2,179+218 2,981+300
Percentage % 137 i3 11.9 269 73.1 100
Note: Means + Standard errors. N= 74,
Based on mean numbers of cattle and amount of milk sold and producer prices from
Chapter 3. milk price U$0.19/litre in the wet season, US$ 0.25/litre in the dry season, cow
(US$228), steer (US$182), calf (US$105).

5.3.8 Cattle movement

Cattle movement between the farms is summarised in Table 5.11; numbers and change
in numbers for each season are shown in Table 5.12. The results show that keeping
others’ cattle (cattle receiver, 24%) or keeping cattle at others’ farms (cattle remover, 35%)
was a very common practice. Cattle were removed from or placed in the farms throughout
the year. As a whole, cattle tended to be removed in the dry season and the beginning of
the wet season, and received at the end of the wet season. It appears that there are three
types of schemes for cattle movement: short term for one to two months, medium-term for
approximately six months, and long term for longer than six months. It was observed that
cattle were removed from the farms at the end of dry season due to shortage of forage, but
also at the beginning of the wet season for pasture recuperation. Long term transfer of
animals tended to start in the wet season. The large number of animals removed at the end

of the wet season (Table 5.12) resulted from the long term removal from large farms.
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Table 5.11

Annual summary of cattle movement

Percentage of

: 1
Movement type No. Mean' (LU) fotal farms (%)
Cattle receiver 19 4.6+090 256
Cattle remover 27 -13.8+0.87 36.5
No movement 28 0 378

74 farms 100.0

Note: Meant Standard Error.
! Calculated based on the total number of farms in the categories.

Table 5.12

Cattle removal and placement from/to sample farms

/Movement Receipt? Removal® All samples’  Change
types

Season’ Mean (LU) Frequency Mean (LU) Frequency MeaniSE (LU)

Nov-Jan 4.6 7 -8.7 7 -0.39+0.43 -0.39

Feb-Apr 83 9 -8.1 14 -0.52+0.63 -0.13

May-Jul 6.3 12 -8.3 15 -0.65+0.71 -0.13

Aug- Oct 7.0 12 -10.2 15 -0.55+079  +0.10

ISeasons were divided into three month periods before the farm interviews.
*Caleulated by total cattle placed and/or removed on/from the farms during the period
divided by the number of farms (n=74).

Comparison by farm types based on cattle movement of grazing areas and stocking
rates as well as percentages of degraded pasture, cultivated pasture and moderate tree

density for grazing areas are presented in Table 513 Percentages of cultivated pastures
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differed (P<0.01), but other variables did not differ by the farm types based on cattle
movement.  Cattle receivers had higher percentages of cultivated pastures than cattle
removers (P<0.05) and farms without movement (P<0.01). It was also observed that
cattle receivers tended to have smaller farms, lower stocking rates, and less grazing areas

with moderate tree density than cattle removers.

Table 5.13
Comparison of grazing area characteristics and stocking rates by farm type based on
cattle movement

Farm types No.  Grazing Stocking  Degraded Cultivated  Moderate
area rates pasture pasture’  tree density
(ha) LU/ha % % %

Cattle receiver 19 17.0+2.75 08240094 26946.1 28.1+59 232442
Catile remover 27  256+429 098+0052 264+50 12.643.0 302+52
No movement 28 202+247 092+0.064 292457 108435 233+4 4

! Statistically significant difference between farm types (P<0.01).

5.3.9 Supplementary feeding

Sample farms are classified into six categories on the basis of supplementary feeding.
Size of grazing areas, stocking rates, and percentage of degraded/cultivated pastures are
compared in Table 5.14.  All the farms used supplementary feeding for cattle. Two thirds
of the farmers used salt with minerals, half of the farms used supplementary forages by cut
and carry system. The use of concentrates was limited (5.4% of the sample farms). The
amount of cut and carry forages offered to animals varied among the farms from less than 4

to 32 kg/head/day depending upon the availability and number of cattle. The
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supplementary pastures were minced manually or by machine depending upon the
availability of machinery and labour. Some farmers fed entire plants to cattle. The amount
of molasses used also varied, but most of the farmers gave a very limited amount
(approximately 1-2 litres/day/farm). Farms which only used salt as a supplement and
farms which used supplementary pastures represented 33.8% and 64.8% of the total,
respectively.  Size of grazing areas, stocking rates, and proportion of degraded/cultivated
pastures did not differ significantly by farm types based on supplementary feeding

(P<0.05)
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Table 5.14

Characteristics of grazing areas and stocking rates by farm type based on
supplementary feeding

Farm types No. Grazing Stocking  Degraded Cultivated
area rates pastures  pastures
% ha LU/ha % %

Natural/mineral salt
only
Salt and supplementary

25 338 21.0+29 0.80+0.06 203+38 219450

astures 14 189 196+38  0.89+009 317485 141454
pastur

Sal lement
Lo SIPPMENEY ) 405 210429 095£0.07 297454 135433
pastures and molasses

Salt and  molasses

without supplementary 1 1.4 270 072 6.97 169
pasture
Mineral salt

3

supplementary pasture 4 54 524+171 092+0.11 51.1%174 27420
and concentrates

Total 74 100

Note: Means +Standard Errors. Fr. Frequency

5.4 Correlation analysis

5.4.1 Correlations between propoertions of land use parameters

Correlations between size of grazing areas and land use parameters (the proportions of
land use types for grazing areas) are presented in Table 515  The results show negative
correlations between size of grazing areas and the proportion of natural pastures with low

tree density (LTNP) (P<0.05) and significant negative correlations between degraded
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pasture (DGPS) and many land use types (DGPS-NTNP 1=-028 P<005, DGPS-LTNP
=-0.51 P<0.001, DGPS-MTNP r=-0.51 P<0.001, DGPS-LTCP r=-0.24 P<0.05). The
correlations between no trees and low tree density of both natural and cultivated pastures
were significant (NTNP-LTNP, =040 P<0.001 and NTCP-LTCP, r=0.32 P<0.01),
suggesting that these land uses were developed in a similar pattern in the sample farms.
However, cultivated pasture with moderate tree density (MTCP) was not significantly
correlated with any other land use types, indicating that this land use type was
independently developed in the farms.  Regarding pasture variables, cut and carry
forages and LTNP (CCF-LINP =026 P<0.05) as well as B brizantha and MTCP

(BB-MTCP r=0 25 P<0.05) were significantly correlated,
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5.4.2 Correlations between size of grazing areas and herd parameters

Correlations between size of grazing areas and herd parameters are presented in Table
5.16. The results showed that size of grazing areas was highly correlated with herd size
(r=0 856 P<0.01), but not with other herd parameters. Proportions of cows and steers
were negatively correlated (r=-0.575 P<0.001), indicating that these cattle types substituted
for one another. In addition, the correlation between the proportion of cows and lactating
cows for herds were positive (r=0.667 P<0.001). Stocking rate was correlated with both
annual income from cattle production per hectare (1=0.468 P<0.001) and milk production
per hectare (r=0.642 P<0.001), while the proportion of milking cows was correlated only

with milk production (0.514 P<0.001), not with annual income.
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Table 5.16
Correlation matrix between farm size and herd parameters (n=74)

Variables Grazing Herd Stocking COW STEER MCOW  CTL/Y/H
area size rate
funit ha LU LU/ha US$/year/ha
. 0.856%**
Herd size
(<0.001)
-0.210 0221
Stocking rate
(0.072) (0.059)
_ -0.148 0157 -0.108
COW
(0.208) (0.182) (0.359)
0.176 0140  -0.003 -0.575%**
STEER
(0.133) (0.233) (0.980) (<0.001)
-0.154 <0138  -0.007 0.667%%% -0.435%%*
MCOW
(0.191) (0.240) (0.955) (<0.001) (<0.001)
-0.175 0,067 0.468 0055 -0.059  0.121
CTL/Y/H ‘
(0.135) (0.569) (<0.001) (0.641) (0.619) (0.303)
Milk
ductio -0.235 0086 0.642 0.263 -0.217  0.514 0.682
production
0.044 0.464) (<0.001) (0.023 0.063 <0.001) (<0.001
lizeshardzyy OO (0460 (000D (0.023)  (0.063) (<0001 (<0.001)

Note: above: Pearson correlation, (P-Value) below.

*P<0.05, ¥*P<0 01, ***P<0 001, Significant correlations are presented in bold.

COW: proportion of cows for herd, MCOW: proportion of milking cow for herd,

STEER: proportion of steers for herd, CTL/Y/H: annual income from cattle production per
hectare.

5.4.3 Correlations between land use and herd parameters

The correlations between land use, pasture and herd parameters are presented in Table

517. Correlations were significant between stocking rates and the proportion of natural
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pastures with low tree density (SR-LTNP, 1=0.356 P<0.01), between cultivated pasture with
low tree density and the proportion of steers (LTCP-STEER, 1=0.362 P<(.01), and between
the proportion of cut and carry forages and saleable milk production/stocking rate
(CCF-MEMLK, r=0.336 P<001; CCF-SR, r=0.391 P<0.01). In addition, farms with
higher stocking rates tended to have less degraded pasture (r=-0.201 P=0.086) The
results suggest that farms with higher stocking rates had more natural pasture with low tree
density (P<0.01) and cut and carry forages (P<0.01), and they tended to have less degraded
pasture. In contrast, farms with more steers had more cultivated pasture with low tree

density (P<0.01).
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Table 5.17

Correlation matrix between land use and herd parameters (n=74)
Land use type  Annualincome  Daily  milk Stocking Milking Steer

production rate cow/herd  /herd

Unit US$/ha litres/day/ha  LU/ha
Abbrev. CTL/Y/H MEMLK/D/H SR MCOW STEER

0.045 -0.015 -0.201 0.00 0.0
DGPS 1 13

{0.701) (0.899) (0.086) (0.990) (0.915)

-0.170 -0.039 0.177 -0.126 0.162
NTNP

(0.147) (0.739) (0.132) (0.284) (0.168)

-0.067 -0.016 -0.168 0.093 -0.080
NTCP

(0.569) (0.892) (0.152) (0.433) (0.497)
LTNP -0.002 0.082 0.356** 0.048 -0 051

(0.985) {0.488) (0.002) (0.687) (0.669)
LTCP 0037 -0.066 -0.042 -0 140 0.362%*

(0.756) (0.574) (0.724) (0.233) (0.002)

0.010 0.040 0.110 -0.044 -0.130
MTNP _

(0.933) (0.733) (0.350) (0.710) (0.268)

-0.015 -0.003 -0.167 0.082 -0.093
MTCP

(0.896) (0.979) (0.156) (0.488) (0.429)
FAL -0.035 0.069 0.020 0.125 -0.119

(0.767) (0.560) (0.862) (0.288) (0.313)
FRST -0.023 -0.179 -0.019 -0.089 0.103

(0.847) (0.128) (0.871) (0.452) (0.381)
CCP 0.223 0.336%* 0.301%* 0195 -0.050

(0.057) (0.003) (0.001) (0.096) (0.671)
BB 0.048 0.164 0.026 0.141 0.134

(0.682) (0.163) (0.828) (0.232) (0.256)

Cell Contents: Pearson correlation (P-Value), ¥*P<0.05, ** P<0.01. Significant correlations
are presented in bold. DGPS (degraded pasture), NTNP (natural pasture with no trees),
NTCP(cultivated pasture with no trees), LTNP(natural pasture with low tree density),
LTCP(cultivated pasture with low tree density), MTNP(natural pasture with moderate tree
density), MTCP(cultivated pasture with moderate tree density), FAL(fallow,)
FRST(riparian forests), CCF(cut and carry forages), BB(B. brizantha).
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5.5 Discussion

5.5.1 Tree cover, stocking rates, and land use types

The results show that on average tree cover represented 23% of the grazing lands
(Table 5.4). Pasture occupied 62%, while forest occupied 20% of the total farm area
(Table 5.3). The most frequent land use types (degraded pasture (DGPS) and natural
pasture with moderate tree density (MTNP)), occupied almost half of the grazing areas with
moderate free cover accounting for approximately 20%, while pastures with no trees
occupied only 12% of the grazing areas. It suggests that the farms largely utilize
silvopastoral areas for cattle grazing.  Stocking rates were 0.91 on average, (Table 5.6) and
pastures were largely composed of degraded and patural pastures rather than cultivated
pastures. This suggests that the farms are under extensive management.

Correlations were significant between stocking rates and natural pasture with low tree
density (r=0.356 P<0 .01, Table 5.17) and close to being significant between stocking rates
and degraded pasture (r=-0.201 P=0.086) (Table 5.17)  These suggest that higher stocking
rates tend to reduce degraded pasture and reduce lower tree density by disturbing natural
regeneration of trees. However, even though potentially higher financial resource per
hectare is expected for farms with higher stocking rates, pasture improvement was not
observed in those farms. Since farms with higher stocking rates were rather small
{r=-0.210 P=0.072, Table 5.16), these farms may not have sufficient financial resources to

reduce degraded pasture. On the other hand, the farms with higher proportion of steers
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had higher proportion of cultivated pasture with low tree density (P<0.01, Table 5.17). It
may indicate that farms with more emphasis on rearing steers have greater financial

resources, and therefore they improve pasture lands.

5.5.2 Herd structure and farm types

Regarding herd structure, the proportion of cows and steers were negatively correlated
(P<0.01) and the correlations between the proportion of milking cows for the entire herd
and the proportions of both milking and dry cows were significant (P<0.001) (Table 5.13).
This suggests that there are two types of farms: ones that rear steers and ones with more
emphasis on milk production. Saleable milk production generates daily cash for living
which is essential for farmers, but steer production generates income i the medium-term.
In addition, as mentioned above, the proportion of steers was positively correlated with the
proportion of cultivated pasture with low tree density (P<0.01, Table 5.17). Therefore, it
may be considered that farmers who concentrated on rearing steers had greater financial
resources. They were able to seli the steers at the end of dry season when cattle prices

were at their highest.

5.5.3 Calving and cattle mortality

The study resulis showed that calving frequencies were significantly higher in the dry

season than in the wet season (P<0.01, Table 5.9) and that saleable milk production per cow
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was significantly lower at the end of the dry season than in other seasons (P<0.01, Table
58). Also adult death rates were higher at the end of the dry season (Table 5.7).
Considering the fact that one third of the farms did not use any supplementary fodder in the
dry season (Table 5.14), it may suggest that stocking rates at the end of dry season are
higher than the carrying capacity of the grazing areas thus causing low milk yield per cow
and high adult death rates.

The average calving rate (47%) is low compared with the national census of Costa Rica,
64% (Corporacion Ganadera, 2000) and with the ranges presented by Sere and de Vaccaro
(1985) (50-70%) in Honduras, Panama and Colombia, but similar to the national average of
Venezuela (45%, Plasse, 1992). Ideally, calving interval should be 12 months with a dry
period of two months (100% calving rate) (Ramirez, 2002), which is higher than any of
these ranges. In the study area, calving rates may be generally lowered due to
malnutrition during the dry season, presence of calves and low availability of bulls
particularly in smail farms. It was possible that calving records were not reported correctly
due to difficulties associated with specifying frequencies for three months periods and
because some farmers simply brought milking cows after calving to the sample farms
which are conveniently located to sell milk to milk collectors. It is also possible that low
calving Tates were caused by the farmers’ tendency to keep unproductive cows (Chapter 3).
Since the variation in milk production between individual cows is high in dual-purpose
cattle farms, frequent culling was suggested by Llamozas and Vaccaro (2002). On
average, calf mortality rate was 16%, which is higher than the results presented by Sere and

de Vaccaro (1985) and Vacarro et al. (1992) (6-12%) in Brazil, Costa Rica and Panama, and
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Venezuela. The average adult mortality rate was 1.0%, which is relatively low compared
with the range presented by Sere and de Vaccaro (1985). Further studies are
recommended on the improvement of calving rates, the timing of calving, and the cause of

the death (e.g. nutritional problems, disease or accidents).

5.5.4 Milk production

It is to be expected that milk production is lower in the dry season. However, the
results show that daily saleable milk production did not differ per farm by season (P<0.03,
Table 59). The number of calvings were higher in the dry season (P<0.01) and the
number of milking cows did not differ by season (P<0.05) (Table 5.7). It is probably
because more cows conceive at the beginning of the wet season when physical conditions
are improved by better fodder. It seems that since most of the farms were at locations
accessible to milk collectors, they tended to bring more milking cow to the farms to sell
milk.

In contrast, saleable milk production by season differed significantly per cow (P<0.01)
and per hectare (P<0.05) (Table 5.9). Clearly the conditions of grazing areas in the dry
season restrict milk yield. Comumon pasture species in the study area, such as P. notatum
and H.rufa, which covered large grazing areas, do not maintain their nutritional values in
the dry season (Peters et al, 2002). This could cause low milk yields per cow and per
hectare. Since there were more milking cows during the dry season (Table 5.6), as

confirmed by the higher number of calvings (P<0.01, Table 5.7), milking cows which were
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intentionally kept in the farms in the dry season may also have caused low milk yield per
cow and per hectare. Clearly, greater demand by calves, as a consequence of the higher
number of calvings, also caused the lower saleable milk production per cow in the dry
season. Further studies are recommended to consider fodder availability in the dry season
as well as the feasibility and effects of pasture improvement.

Based on the data of seasonal saleable milk production per cow (Table 5.9), it can be
estimated from all sample farms that true saleable milk production was 804
litres/cow/lactation [daily estimated milk yields per cow, 3.35 litres/day/cow multiplied by
8 month lactation period (Lavard et al, 2001)]. This yield result is similar to those
presented by Sere and de Vaccaro (1985) in Colombia and Panama (749 and 956
litres/cow/lactation), Vaccaro et al., (1992) in Venezuela (700-1,100 litres/cow/lactation),
and by Wilkins et al. (1979) in Bolivia (600-1,200 litres/cow/year).

Tropical grasses in general have poorer feeding value than temperate grasses due to
lower voluntary intake and dry matter digestibility (Minson, 1981). Stobbs and Thompson
(1975) concluded that by using improved tropical pasture it was possible to produce
2,000kg of milk per lactation. The sample farms were family farms engaged in
dual-purpose cattle production, thus milk is partly consumed by calves and family members.
Wilkins et al. (1979) estimated that maximum milk production per cow with improved
pastures without concentrates was approximately 2,000 litres (1,300 litres sold per lactation
with 700 litres consumed by a calf). This target yield is comparatively higher than the
results of the present study. The grazing areas in the study area are highly covered by

natural pastures (30% Table 5.4), which have limited potential for cattle production in the
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tropics (Humphreys, 1987). Stobbs and Thompson (1975) suggested that “the early
lactation stage is the most important phase of the whole cycle: the cow’s potential is being
established”. However, in the study area, the high potential may not be achieved due to the
fodder restriction in the dry season when the majority of calvings occur. Based on these
findings, the study concludes that there is considerable potential to increase saleable milk

production per cow and per hectare in the study area.

5.5.5 Stocking rates and cattle movement

It is generally considered that in the semi-humid tropics, farmers move their cattle to
areas with shorter dry season in order to have better forage for cattle. In fact cattle were
commonly moved from farm to farm (62% of total farms, Table 5.11). However, the study
results showed that herd sizes and stocking rates did not differ by season (P<0.05) (Table
5.6). It seems that this misconception occcurred due to overlooking several important
points: 1) needs of cattle removal in the beginning of the wet season for pasture
recuperation, 2) farmers’ limited capacity to move cattle, 3) existence of large farms with a
small number of cattle, 4) farmers’ annual perspectives for cattle feeding, 5) increased
calving in the dry season, and 6) cattle removal for long-term cattle entrusting in the wet
season.

It is apparent that natural forage for cattle is in shortage in the dry season. Farmers
need to move their cattle from their farm, but in the beginning of the wet season. Farmers

also need to remove their cattle for pasture recuperation in order to make pasture cover the

161



grazing areas. It was observed that when the rain starts, some farmers remove weeds in
their grazing areas and keep cattle out for a few months. These characteristics are
probably more common in natural pasture species since natural pastures are rather
susceptible to weed invasion. In the wet season, it is probably easier and cheaper for cattle
owners to rent other pasture lands to keep the cattle when cattle can consume good forage.

In fact, it seemed difficult for many farmers (especially with smail farms) to take their
cattle to other farms far from their farms. It is probably because this practice is very
costly or the number of cattle is not sufficient to make it worthwhile. If farmers have
strong connections based on their family, it may be easier to control stocking rates by
removing cattle in the dry season. However, the period of settlement in the study area was
rather short (60% of farms less than 10 years, Section 3.3.1); therefore, it seems that
farmers do not have reliable contacts to others where cattle can be kept in the dry season.
Many of farmers in the area are probably not in a stabilization stage but in a survival stage.

Forty one % of the farms did not move their caitle probably because they have large
farms compared with the number of cattle (Table 5.11). When cattle are grazed on other
farms, cattle owners may need to watch the conditions of their cattle because cattle may
consume low quality feed. Supervision are required in this culture when hiring others
(Kaimowitz, 1996) and some farmers showed negative feelings about keeping cattle in
other farms due to bad experiences. Moreover, farmers may plan dry season fodder from
the wet season, thus some farmers may remove their cattle in the wet season for a long-term
basis in order to keep their own pasture in the dry season.

For farmers who have excessive cattle with respect to the forage supply, one option is
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to sell animals. However, it seemed that they want to increase the number of caitle and
are rather reluctant to sell the cattle (Section 3.3.2). Cattle are clearly an important
investment for them; therefore, it seems that they do not sell their cattle even if they have to
pay other farmers for caretaking,

In order to reduce the number of cattle for a long period of time, farmers were
entrusting their cattle (their young heifers) to other farmers until they calved and their
calves had been weaned (long term caretaking contracts). In general, cows returned to the
owners with calves after weaning [usually half of the calves born, therefore this system is
called “sistema media” (half system)]. The caretakers of the cattle take the milk produced
and half of the calves born on the farm. It seemed that the system was less costly than
using credits, which was not financially viable due to high interest rates (Holmann, 1999).
The system has relatively low risks provided that there are reliable relationships between
the two farmers. In the system, they share the risks because the cattle keepers take greater
care of the cattle since they receive direct benefit from them. It was observed that cattle
were moved on a long-term basis 1n the wet season when forage was abundant.  Further
studies are recommended on cattle movement and the role of local cattle sharing systems
compared with credit systems available from local banks.

Finally, it 1s important to point out that sample farms were selected by accessibility,
located near the road, where milk collectors can come most of the year. In fact, there were
many farms inaccessible to milk collectors and these farms were probably available to keep
cattle. On the contrary, the farmers may bring cows to the farms (possibly from others’

farms) when they start producing milk to sell milk, resulting in maintaining large number of
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milking cows in the dry season when calving rates were rather high (p<0.01).

5.5.6 Estimation of herd dynamics

The herd dynamics of the sample farms were estimated for a farm with a mean herd
size and structure (Table 5.18). The results demonstrated that gains of livestock units
during the year were 71% from growth and 29% from purchase. The cattle removed at the
end of the year represented approximately 15% of the total livestock units reduced during
the year (including sold and dead) from the farmn.  Since sample farms were located on the
route of milk collectors, it is possible that the amount of livestock unit in error (0.13) could
partly come from a gradual increase in the number of milking cows from neighbouring

farms.
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Table 5.18
Estimated annual summary of herd dynamics at the farm with mean herd size and

structure
Types of Base Division Total % within gain
changes Cattle types  (number) Change (LU) and loss
Growth Heifer 3309 0.15°

Calves born 6.18™ 1.559

Calves grown 840 % 0799

Steers 130% 0.20% 2.69 70.7
Sale Cows 1.80 1,807

Steers 0229 017°

Calves 336 -0.84° -2 81 -76.6
Purchase ®  Heifer 0.65% 0499

Steer 0559 0419

Calves 0.85" 0217 1.11 29.2
Death Adult 0129  .o12®®

Calves 0.77% -0.19 9 -0.31 -8.4
Removal @ -0.55 -0.55 -15.0
Total (error) 013 0.13 0.0

a) Number of animals in Jan/Feb (Table 5 4)

b) Annual means of calves born, animal sales, purchases and deaths (Table 5.5 and 5.6)

¢) Assuming that 25% of heifers become cows in one year. Number of heifers in
Jan /Feb. x 0.25 (LU) x 0.75 [in the last nine month period (0.75 year)j].

d) Assuming that 25% of calves become heifers in one year Number of calves in
Jan./Feb. x 0.5 (LU) x 0.75 [in the last nine month period (0. 75 year)]].

e) Assuming that all the steers which were not sold become steers in fattening stages
(gained 025 LU) in one year.

f) Multiplied by amount of livestock unit (for cows 1.0, calves 0.25, steers 0.75).

g) Assuming that all dead adults were cows.

h) Total cattle removed to other farms at the end of the year.
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5.5,7 Supplementary feeding and farm types

Size of grazing areas, stocking rates and the percentages of degraded/cultivated
pastures did not differ significantly by classification based on supplementary feeding
(P<0.05, Table 514). However, farms that used supplementary feeds, such as
supplementary forages and molasses, tended to have higher stocking rates, more degraded
pastures and less cultivated pastures in the grazing areas. It may indicate that some farmers
with higher stoclang rates prefer to invest in supplementary feeding than pasture

improvement in the grazing areas,

5.6. Conclusions

The study results show that tree cover represented a large proportion of the land area
on the dual-purpose cattle farms that were surveyed. Silvopastoral areas (approximately
73% of the grazing areas) were largely utilized for grazing Cattle in the dual-purpose
cattle farms were frequently moved between local farms, but stocking rates did not differ by
season (P<0.05). In addition, the frequency of calving was significantly higher in the dry
season (P<0.01) and saleable milk production per cow was lower at the end of the dry
season (P<0.01). It was concluded that lack of forage, accompanied by high stocking
rates and high calving rates in the dry season, caused low saleable milk production and high
mortality rates of adult cattle at the end of the dry season. In addition, farms with higher

stocking rates had more natural pasture lands with low tree density (P<0.01) and less
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degraded pasture (P=0.086), but they seemed to be reluctant to improve pasture by
introducing cultivated pasture species. Further research is recommended on the
improvement of calving rates, fodder availability in the dry season, effects of land use
patterns on production at the farm level, the feasibility of pasture improvement, and cattle

movement and herd sharing.
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Chapter 6 (Article 4)
Effects of silvopastoral areas on milk production at dual-purpose cattle

farms at the semi-humid old agricultural frontier in central Nicaragua

Key words: dual-purpose cattle production, silvopastoral system, stepwise regression,

principal components analysis, milk production

Abstract

In extensive cattle production systems, the composition of grazing areas may significantly
influence productivity. In dual-purpose cattle production systems in the lowland tropics,
pasturelands with trees, so-called silvopastoral areas, are considered as being important,
particularly to facilitate the management of crossbred European native cattle. The aim of the
study was to quantify the effects of silvopastoral areas on production at dual-purpose cattle
farms in the semi-humid lowlands of central Nicaragua. The relationships between seasonal
milk production and herd data, and the proportions of land use types for size of grazing areas
were examined for 74 farms by stepwise regression, principal components analysis and
principal component regression.

The results showed significant positive effects on saleable milk production of degraded
pastures (DGPS) (P<0.001), natural and cultivated pastures with moderate tree density (MTCP
and MTNP) (P<0.05), and cultivated pastures with low tree density (LTCP). However,
negative effects of land use types under natural pasture with low tree density (LTNP) (P<0.01)
was also observed, suggesting that on smaller farms, high stocking rates resulted in

overgrazing. Analysis by season confirmed the positive effects of degraded pastures (DGPS)
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on saleable milk production at the end of dry season (P<0.01), and of natural pasture with
moderate tree density (MTNP) at the beginning of wet season (P<0.05). This suggests that
degraded pasture may be important as cattle feed at the end of the dry season whilst natural
pastures with moderate tree density are particularly important at the beginning of the wet
season. The area of B. brizantha had positive effects on saleable milk production at the end
of the dry season (P<0.01), suggesting that the use of this species is an important option for
farmers.

Regression analysis with principal components of land use parameters selected three
principal components; the largest component (23% of variance, P<0.05) related to grazing
pressure and land capacity, the second (18% of variance) related to the use of cultivated
pastures, and the fourth (12% of variance) related to silvopastoral areas under natural
conditions. The results suggest that in order to have positive effects from land use patterns,
farms need to be large in size and small in stocking rate, but also use of cultivated pastures and
silvopastoral areas with natural pastures support milk production.

Further studies are recommended concerning the feasibility of the proposed land use
change and on the contribution of broadleaf plants to milk production at the end of the dry

seasorn,

6.1 Introduction

Conversion of natural forest to pasture in the humid tropics of Central America has been
criticized as the main cause of deforestation (Parsons, 1976; Myer, 1981; Kaimowitz, 1996).
Cattle managed extensively in tropical pastures with low nutrient values (Minson, 1981) and

low labour and capital inputs are exploitative on nutrients accumulated in the soil by the
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original vegetation (Kaimowitz, 1996; Sunderlin and Rodriguez, 1996). However, extensive
cattle production is an important activity in the rural economy due to its comparative
advantages against other agricultural production, namely, its low requirement for skill and
labour, its low risk, and the fact that products can be transferred easily to markets (Hecht,
1992; Muchagata and Brown, 1999). Dual-purpose cattle production systems have been
traditionally preferred by family farms in the lowland tropics due to low risk of price changes,
higher economic benefit per unit of area than meat production, adaptation to the climatic
conditions in the lowland tropics, and less capital investment and technical support required
than for specialized milk production (Sere and De Vaccaro, 1985; Halmann, 1989).

The existence of trees in grazing areas may support cattle production in various ways: 1}
improvement of chemical and physical soil conditions (Horne and Blair, 1991; Belsky, 1992;
Belsky et al., 1993; Young, 1997), 2) stabilization of soil by protecting the soil surface from
intensive rainfall (Pereira, 1989), 3) supporting higher amount of grass production in the dry
season by increasing soil water holding capacity and reducing moisture loss (Wilson and Wild,
1991;Young, 1997), 4) improvement of pasture quality (Wilson, 1982; Wilson and Ludlow,
1991; Smith and Whiteman, 1983), 5) increased production by improving the condition of
animals and 6) provide leaves and fruits as fodder for animals (Pezo et al., 1990; Pezo and
Ibrahim, 1999). In particular, Zebu and European crossbred cattle, which are the most
common cattle types in dual-purpose cattle farms in the lowland tropics (Section 3.3.3), can
benefit from shading because they are less tolerant of high temperatures than purebred Zebu
cattle (Souza de Abreu, 2002). Common tree species in the grazing areas in the study area, G.
ulmifolia, E. cyclocarpum, and P. saman, produce fruits and leaves which are an important

source of fodder in the dry season (Zamora et al., 2001; Section 4.3.3).
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However, published evidence of positive contributions of trees to cattle production have
mostly been based on limited scale investigations or experiments. The effects of
silvopastoral areas on production in existing farming systems have not been quantified at the
farm level due to the high variation between farms and seasons, and technical difficulties
obtaining land data for entire farms. The objective of this chapter is to quantify the effects of
silvopastoral areas on milk production in dual-purpose cattle farms and to develop a
production model, based on data gathered from farms, in order to predict the effects of

changes in land use.

6.2. Materials and methods

6.2.1 Site

The study area is located in the Matiguas Municipality in the Matagalpa Department,
central Nicaragua: Latitude 12° 50’ North and 85° 27’ Longitude Bast. The climate of the
study area is semi-humid tropical with a well-defined dry season between February and May.
- Annual rainfall varies from 1,300 to 2,000 mm, while temperature fluctuates between 28 and
32 %C.  Altitude from sea level is between 200-500 m. Topographical conditions are largely
flat and modest slopes (0-30%) and small areas with steep slopes (> 30 %) (INTA, 1998).

See Section 5.2.1 for more details.

6.2.2 Farm selection

174



This study was based on data from an independent survey and the project “Regional
integrated silvopastoral approaches for ecosystem management project” undertaken by CATIE
and NITLAPAN, under the scheme of Global Environment Facility (GEF) of the World Bank.

Seventy-four farms were selected among the project participants based on the following
criteria: (1) farm size (10-140 ha); (2) farms with more than 3 cattle; (3) willingness to

cooperate with the project and (4) accessibility. Please see Section 5.2.2 for more details.

6.2.3 Land use survey

The satellite images of Quick Bird (Resolution 0.7m with three natural colours) taken in
January 2003 were used for the land analysis. Grazing lands were classified into nine types
based on the types and conditions of dominant pastures (natural, cultivated or degraded), and
tree densities (Reproduced in Table 6.1). Types and conditions of pastures and tree densities
were verified in 2003 by field observations for all land uses on all the sample farms. See

Section 5.2.3 for more details.
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Table 6.1

Land use types of grazing lands

Abbrev.! Grass  Tree density Tree cover
Land use types cover (%)
Degraded pasture DGPS <50% N.A. 18.8
Natural pasture with no trees NTNP > 50% None 7.0
Cultivated pasture with no trees NTCP > 50% None 4.6

Natural pasture with low tree density LTNP >50% <30 trees/ha 12.1

Cultivated pasture with low tree
ITCP >50% <30 trees/ha 12.5

density
Natural pasture with moderate tr

a .ra Pastie With moderate tree MTNP >50% >30 trees/ha 24.8
density

Cultivated pasture with moderate t

4 1.vae pasitire with moderate free MTCP >50% >30 trees/ha 19.6
density
Fallow FAL None N.A. 42.6
Riparian forests FRST None N.A 88.8

N.A. Not available.

'These abbreviations are used for variables of regression model (proportion of the land use
types for grazing area).

2 Source: Chapter 5.

6.2.4 Herd survey

Data for herd size and structures, changes in herd inventory (number of animals
sold/bought and born/died), and daily milk yields were seasonally collected by using
structured interviews. The interviews were conducted for 74 farms every 3 months for a one
year period: the beginning .of the dry season (between the end of January and the beginning of
February), the end of the dry season (the end of April and the beginning of May), the

beginning of the wet season (the end of July and the beginning of August) and the end of the
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wet season (the end of October and in the beginning of November) in 2003. See Section

5.2.5 for more details.

6.2.5 Model specification

6.2.5.1 Selection of variables

The objective of this study was to quantify the effects of silvopastoral areas on milk
production in dual-purpose cattle farms and to develop a model based on variables collected
from commercial farms. In dual-purpose cattle farms, milk and live cattle (calves, cows and
steers) are the products. In the study area, 70% of the annual income coming from cattle
production was produced by milk sales (Section 3.3.5). In the regression model, therefore,
daily saleable milk production was used as the dependent variable. In order to adjust for
differences in land areas between farms, the model was developed on a per hectare basis.

Milk production of a dual-purpose cattle farm is largely determined by 1) number of catile
(particularly lactating cows), 2) types of cattle (breeds, health conditions, etc.), 3) feed, and 4)
management. It is assumed that feed was adequately covered in the model by having land
types as independent variables (as explained later in this section). Herd structure parameters
were covered by including stocking rates (LU/ha) and the proportion of lactating cows as
independent variables. In the study area, cattle on the dual-purpose farms were mainly
crossbreeds of Brown Swiss and Brahman (mostly 50-70% Brown Swiss - Section 3.3.3);
therefore, breed was not included in the model. Regarding management, there was no
difference between farms in terms of milk consumption by calves since almost all of the farms

practiced a partial-suckling system (Section 3.3.3.3). Other factors related to management
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(e.g. milking practices) were ignored since the farm data were not collected in the survey.

Grazing areas were defined as areas that farmers could use for cattle grazing throughout or
for parts of the year. For the model, these were composed of pasture lands with different tree
densities, fallow and forest (riparian forest). The proportions of each land use type (i.e the
area of each land type relative to the total area used for grazing) were used as independent
variables. The land use types included in the analysis are as defined in Table 6.1.

In the dual-purpose cattle farms in the study area, several types of supplementary feeds
were used, but the amounts were limited except for supplemental pasture (mainly Pennisetum
spp.) fed by means of cut and carry (Section 5.3.9). Supplementary pastures were sown in
forage banks (Table 5.3). In addition, recently sown pasture, Brachiaria brizantha, was shown
to be important (Section 3.3.7). Therefore, the proportions of these two types of pastures

(B.brizantha and cut and carry forage) in grazing areas were treated as independent variables.

Milk production was calculated by the following equations:
Mean daily saleable milk production per hectare (MLK/D/H (litres/day/hectare)

= 2 %, Daily saleable milk production (litres/day) ()

4 x Size of grazing area (hectares)
where i=1, 2, 3, 4, different seasons

The selected variables are presented in Table 6 2.

178



Table 6.2

List of selected variables

Variable  Description (Unit)

Dependent variable

MLK/D/H' Daily saleable milk production per hectare (litres/day/ha)
Independent variables

SR!?3 Stocking rate (LU/ha)

MCOW' 2 Proportion of milking cows in relation to entire herd

CCF? Proportion of area of cut and carry forage in relation to total grazing area

BB’ Proportion of area of B. brizantha in relation to total grazing area

DGPS*  Proportion of area of degraded pasture in relation to total grazing area
Proportion of area of natural pasture with no trees in relation to total grazing
area

NTCP*  Proportion of area of cultivated pasture with no trees in relation to total grazing area

LTNP* Proportion of area of natural pasture with low tree density in relation to total grazing
area

Proportion of area of cultivated pasture with low tree density in relation to

LTCP* ,
total grazing area

MTNP* Proportion of area of natural pasture with moderate tree density in relation to
total grazing area

MTCP? Proportion of area of cultivated pasture with moderate tree density in relation
to total grazing area

FAL® Proportion of area of fallow in relation to total grazing area

FRST*  Proportion of area of riparian forests in relation to total grazing area

! The annual mean of four seasons were used for annual analysis and original data were used
for seasonal analysis.

21.U: livestock unit was based on 400kg of liveweight: 1.0 for lactating and dry cows, 0.75 for
heifers, 1.0 for steers in the fattening stage, 1.25 for bulls and oxen, 0.75 for steers in the
rearing stage, 0.5 for calves after weaning, and 0.25 for calves before weaning.

3 Pasture parameters with recently sown species.

*Composition of grazing areas.
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6.2.5.2 Description of selected variables

Descriptive statistics of saleable milk production, herd parameters (stocking rates and
proportion of milking cows, both annual means and seasonal values), pasture parameters
(proportion of cut and carry forage, and B. brizantha), mean size of grazing areas, and land use
parameters (proportions of each land use type) are presented in Table 6.3 and 6.4 from the
survey results described in Chapter 5. B. brizantha and cut and carry forage were sown at a
limited number of farms (21 and 31 farms, respectively), resulting in large standard deviations.
The proportions of the land use types varied considerably. DGPS occupied 28% of the

grazing area, which was 35 times larger than the area occupied by NTCP.
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Table 6.3
Description of dependent variables and cattle/pasture variables

Variable Unit Mean Standard Deviation Median
MLK/D/H! litres/day/ha 1.382 0.731 1.447
MLK/D/H1-2 2 litres/day/ha 1.334 0.918 1.205
MLK/D/H4-5* litres/day/ha 1.198 0.910 1.143
MLK/D/H7-8 * litres/day/ha 1.647 1.078 1.560
MLK/D/H10-11° litres/day/ha 1.350 1.002 1.265
SR! LU/ha 0.916 0.337 0.875
SR1-22 LU/ha 0.949 0.480 0.880
SR4-53 LU/ha 0.903 0.463 0.875
SR7-8* LU/ha 0.873 0.376 0.880
SR10-11° LU/ha 0.927 0.422 0.900
MCOW! 0.426 0.14 0.442
MCOW1-2 0.391 0.199 0.390
MCOW4-5 3 0.434 0.211 0.444
MCOW?7-8 * 0.476 0.220 0.501
MCOW10-11 3 0.401 0.228 0.400
Cut & carry forage 0.0362 0.0451 0.0192
B. brizantha 0.0202 0.0496 0.0000

Note: n=74. MLK/D/H and SR are reproduced from Table 5.9 and 5.6, respectively.

! Annual mean values based on data from four seasons.

23%5Mean values based on data in Jan/Feb, Apr./May, Jul/Aug., and Oct./Nov., respectively.
MLK/D/H (Saleable daily milk production), SR (Stocking rate), MCOW (Proportion of
milking cows for the entire herd),
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Table 6.4

Size, proportion, and free cover of land use types for grazing lands

Land use types Proportion Size Tree cover
Mean SD Mean (ha) SD (ha) (%)
DGPS 0.276 0.274 6.86 1.15 18.8
NTNP 0.019 0.0467 0.50 0.17 7.0
NTCP 0.008 0.0315 0.20 0.09 4.6
LTNP 0.134 0.160 2.21 0.36 12.1
LTCP 0.076 0.138 1.50 0.33 12.5
MTNP 0.183 0.210 3.66 0.57 24.8
MTCP 0.075 0.137 1.47 0.40 19.6
FAL 0.077 0.160 1.36 0.28 42.6
FRST 0.152 0.094 3.59 0.54 84.3
Total 1.000 21.36 1.97 233

Source: Data based on Quick bird satellite images, January 2003, n=74

Note: SD: Standard deviation.

DGPS (degraded pasture), NTNP (natural pasture with no trees), NTCP (cultivated pasture
with no trees), LINP (natural pasture with low tree density), LICP (cultivated pasture with
low tree density}, MTNP (natural pasture with moderate tree density), MTCP (cultivated
pasture with moderate tree density), FAL (fallows), FRST (riparian forests),

6.2.5.3 Data analysis

The effects of land use parameters on milk production were examined by regression
analyses. In addition to the regression analyses with original variables, principal components
for land use parameters were used since it was expected that the effects were rather weak

compared with herd parameters (stocking rates and proportion of milking cows).
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6.2.5.3.1 Stepwise regression analysis on saleable milk production

In order to examine the effects on saleable milk production of the independent variables
(as defined in Section 6.2.5.1 and 6.2.5.2.), two forms of stepwise regression analysis were
performed: (1) backwards elimination (remove variables one at a time) and (2) standard
stepwise regression with forward entrance and backwards elimination (add and remove
variables) (MINITAB, 2000). The analyses were performed on an annual and seasonal basis.
The analysis by season assumed that that the proportions of each land type per farm did not
change during the study period. MINITAB 13 was used for the statistical analysis
(MINITAB, 2000).

A threshold P value of 0.15 was used for both types of regression analysis. This was the
default value in MINITAB and was chosen, rather than P=0.05, in order to avoid the danger of
eliminating important variables at an early stage in the stepwise procedure., In order to
maintain independency of land use parameters, the proportion of riparian forests was excluded

from the predictors.

The regression model is described as follows:

MLK/D/H (Saleable milk production, litres/ha/day)

= by SR +by MCOW -+b3 CCF +bs BB + bs DGPS + bg NTNP + by NTCP + by LTNP

h bg LTCP + bm MTNP + bl} MTCP + bn FAL (2)

where bi.;o = Regression coefficients and the variables are as defined in Sections 6.2.5.1.
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6.2.5.3.2 Principal components analysis for land use parameters

Principal components analysis (PCA) is a technique to identify a new set of orthogonal
axes so that the first few components account for a large proportion of the total variance in the
data (Sharma, 1996). Principal components regression (PCR) can be a powerful technique
when principal components are used as new practical variables (Draper and Smith, 1980).
‘When multicollinearity is present among the predictors, principal components regression is an
appropriate alternative to the ordinary least squares regression (Chatterjee and Price, 1991).

In this study, partial use of principal components, only for land use parameters, was
applied in order to examine the gradients related to land use patterns while avoiding
unnecessary interference by other variables. All other predictors (i.e. except for land use
parameters) were standardised before the analysis by subtracting the means and dividing by

standard deviations.

The principal component scores of land use parameters are described as:

PCi=Z;; DGPS + Zy NTNP + Z5; NTCP + Zy; LINP + Zs5; LTCP + Zg MTNP
+ Zn MTCP + Zg FAL + Zg FRST

(i=1,2,3,4,5,6,7.8,9,) (2)

where Zy; (h, i = number of land use parameters and principal components) = Coefficients of

principal components for land use parameters.
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6.2.5.3.3 Stepwise regression analysis by principal components of land use parameters

Stepwise regression was performed by using both backwards elimination and a standard
selective procedure (forward selection to add variables and backwards elimination to remove
variables) (MINITAB, 2000), The analyses were performed on an annual and seasonal basis.
As used with the original land use parameters, a threshold P value of 0.15 was used for the
regression analysis. Only the principal components which made a substantial contribution to
variance (>0.1) were considered as predictors. Thus, the five principal components with the

largest contribution to variance were selected as initial variables for the stepwise regression.

The regression model is described as follows.

Saleable milk production (litres ha” day')= &, SR ST, MCOW S + @3 CCF 7
+a4BBS +1%, (Bi*PCi) (3)
where .4 = Regression coefficients

B1i =Regression coefficients for principal components

ST Standardized variables by subtracting the mean and dividing by standard deviations.

Hence, the final coefficients for the nine land use parameters (DGPS, NTNP, NTCP, L'TNP,
LTCP, MTINP, MTCP, FAL, FRST) for the saleable milk production are described by putting
PCi (2) in equation (3).

Y% BiZii (3=1,2,3,4,5,6,7,8,9 for each land use parameter) (4)
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6.2.5.3.4 Assessment of collinearity between predictors

Collinearity between independent variables were analysed by cluster analysis with
distance based on one minus absolute values of Pearson correlation coefficients. Values
smaller than 0.55 are considered to have a collinearity problem (Johnson and Wichern, 1998).
In this study, DGPS and LTNP had a collinearity problem (Appendix 6.1); however, they were
not selected together in the final model. Therefore, the model was considered to be sensible.
Infostat (Infostat, 2004) was used for this analysis. Correlations between explanatory
variables with principal components were also examined and proved to be low (Appendix

6.2).

6.2.5.3.5 Economic prediction by regression model

In order to examine the changes in profit of the farms as a consequence of land use change,
an economic model was developed based on the models derived by stepwise regression with
original variables. The model was applied to a hypothetical farm with parameters equal to the
mean values of data from all the farms (stocking rates, proportion of milking cows, size of
grazing area, and proportion of land use types along with recently installed pastures). It was
assumed that without changing herd variables (stocking rates and proportion of milking cows),
the proportions of land use types for grazing were changed. Milk price were calculated as a

weighted mean from values for the wet and dry seasons.
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6.3 Resulits

6.3.1 Multiple regression analysis with initial variables

Results of the multiple regression analysis against daily saleable milk production are
presented in Table 6.5. The stocking rate (SR) and the proportion of milking cows (MCOW)
(P<0.001), the proportions of area of B. brizantha (BB), degraded pastures (DGPS), cultivated
pastures with low tree density (LTCP), and natural/cultivated pasture with moderate tree
density (MTNP and MTCP) (P<0.05) showed significant positive effects on milk production.
Among the four land use types, P values of degraded pasture (DGPS) (P=0.010) and natural
pasture with moderate tree density (MTNP) (P=0.014) were smaller than the other land use
types. The proportion of fallow (FAL) showed positive effects on saleable milk production

close to significant level (P=0.059). The R? value was 76%.
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Table 6.5

Results of regression analysis for saleable milk production with initial variables

Predictor Abbre. Coefficient SE T P
Coefficient

Constant -2.20809%** 05047  -4.54 <0.001
Stocking rate SR 1.5475%*% 0.1603 9.65 <0.001
Milking cow MCOW  2.5046%%* 0.3467 7.22  <0.001
Cut and carry forage CCF 0.765 1.204 0.64 0.527
B brizantha BB 2.274*% 1.038 219  0.032
Degraded pasture DGPS 1.6018* 0.6051 265 0.010
Natural pasture with no trees NTNP 1.598 1.345 1.19  0.239
Cultivated pasture with no trees NTCP 1.887 1.629 1.16  0.251
Natural pasture with low tree density LTNP 0.4271 0.6778 0.63  0.531

Cultivated pasture with low tree density LTCP 1.4804* 0.6868 2.16  0.035

tural pasture with moderate tr
Natural pasture with moderate tree MTINP  1.4665* 05775 254 0.014

density
Cultivated pasture with moderate tree
. MTCP 1.4394* 0.6663 2.16 0.035
density
Fallow FAL 1.0555 0.5492 192  0.059

R? = 75.9%, *** P<(.001, * P<0.05.

6.3.2 Stepwise regression analysis using forward and backwards procedures

Results of stepwise regression for daily saleable milk production by forward entrance and
backwards elimination are presented in Table 6.6 and equation (3). Stocking rates (SR), the
proportion of milking cows (MCOW), the proportion of B. brizantha (BB), and the proportion
of natural pastures with low tree density (LTNP) were selected as predictors, of which SR and
MCOW (P<0.001) and LTNP (P<0.01) showed significant positive effects on saleable milk
production. Positive effects of BB (P=0.079) were observed. Variables entered the model
in the order SR, MCOW, LTNP and BB. R? of final model was 73%. The model with the

first two variables (SR and MCOW) had an R?of 68%, which was already 93% of that of final
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model. In contrast to the results of multiple regression with all variables, no positive effects,

except for BB (pasture variable), were obtained for land use and pasture parameters.

MEMK/D/H = - 1.06 + 1.57 SR + 2.61 MCOW + 1.70 BB - 1.01 LTNP ~-—cnmmn-n- 3)

Table 6.6
Results of stepwise regression analysis for saleable milk production by forward and

backwards procedures

Predictor Abbrev.  Coefficient SE Coefficient T P
Constant -1.0588%** 0.1913 -5.54  <0.001
Stocking rate SR 1.5654%*** 0.1463 10.70  <0.001
Milking cow MCOW  2.6054%** 0.3226 8.08  <0.001
B. brizantha BB 1.7029 0.9536 1.79 0.079
Natural pasture with low

. LTNP -1.0142%* 0.3142 -3.23  0.002
tree density

R? = 72.7%, * P<0.05, ** P<0.01, *** P<0.001. Maximum accepted P value = 0.15.

6.3.3 Stepwise regression analysis by backwards elimination

Results of the stepwise regression analysis on saleable milk production by backwards
elimination are presented in Table 6.7 and equation (4). Stocking rates (SR) and the
proportion of milking cows (MCOW) (P<0.001); the proportions of degraded pasture (DGPS)
(P<0.001), cultivated pasture with low tree density (LTCP) (P<0.05), natural pasture with
moderate tree density (MINP) (P<0.01), cultivated pasture with moderate tree density
(MTCP) (P<0.05), and fallow (FAL) (p=0.68) from land use parameters; and the proportion of
B. brizantha (BB) (p=0.067) retained as predictors. Thus the significant positive effects of
DGPS, LTCP, MTNP, and MTCP were ascertained, but the effects of fallows and B. brizantha

were not significant. Among land use parameters, P values for DGPS (P<0.001) and MTNP
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(P=0.005) were smaller than the other land use parameters. As in the forward and backwards
procedures, the variables entered the model in the order of SR, MCOW at first. R for the
final model was 75%. The model with the first two variables (SR and MCOW) had R* of

68%, which was already 91% of that of the final model.

MEMK/D/H = - 1.85 + 1.58 SR + 2 58 MCOW + 1.04 DGPS + 1.02 LTCP
+0.947 MTNP + 0.966 MTCP + 0 620 FAL + 1.84 BB «eexceeeeev (4)

Table 6.7

Results of stepwise regression analysis for saleable milk production by backwards

elimination
Predictor Abbrev.  Coefficient SE Coefficient T P
Constant -1.8514%** 0.2856 -6.48 <0.001
Stocking rate’ SR 1.5750%%* 0.1565 080 <0.001
Milking cow' MCOW  25782%** 0.3175 406 <0.001
Degraded pasture DGPS 1.0358%%# 0.2659 390 <0.001
Cultivated pasture with | 1.0212* 1.052 206 0.043
low tree density
al pasture with

Naralpasture with iy 9466+ 03286 288 0005
low tree density
Cultivated pasture with

. MTCP 0.9660% 0.4006 241 0.019
moderate tree density
Fallow FAL 0.6204 0.3340 1.86  0.068
B.brizantha BB 1.8374 0.9853 1.86  0.067

Note: R* = 74.8%, * P<0.05, ** P<0.01, *¥* P<0 001, Maximum accepted P value = 0.15.
Regression analyses by the initial variables are in Table 6.6.
! Annual means.

6.3.4 Effects of predictors on saleable mitk production by season

The coefficients of the selected predictors by stepwise regression by backwards
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elimination for saleable milk production are presented by season in Table 6.8. The results
showed that stocking rates and the proportion of milking cows (MCOW) remained as
significant predictors in all seasons. A larger proportion of R? was accounted for by stocking
rates in the wet season, and it had a larger coefficient indicating that it had greater effects on
saleable milk production in the wet season than in the dry season. Regarding pasture
variables, the proportion of B. brizantha (BB) showed positive effects only at the end of the
dry season (4.9, P<0.01), suggesting that this pasture species is important for saleable milk
production in this season. The proportion of degraded pastures (DGPS) also had positive
impacts on saleable milk production at the end of the dry season (P<0.01), suggesting that this
land use type is important for saleable milk production in this season. On the other hand, cut
and carry forage tended to have positive effects at the end of the wet season (2.5, P=0.098).
Moreover, R? values were much lower in the dry season (41.9% at the end of the dry season)
than wet season (72.7% at the beginning of the wet season), suggesting that the influence of
other factors are greater in the dry season. In fact, the contributions by cattle parameters
(stocking rates and proportion of milking cows) were much smaller at the end of the dry
season than the beginning of the wet season (R? only with the two variables were 33.6% and
70.1%, respectively), suggesting that cattle parameters had greater influence on saleable milk

production in the wet season.
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Table 6.8

Regression coefficients of predictors by season (backwards elimination)

/Season Dry Wet
Predictor/Month Jan./Feb. Apr./May Jul./Aug. Oct./Nov.
Constant -0.7582 -1.145 -1.811 -1.223
SR 1.03%%* 1.11%%* 1.67%%** 1.35% %%
MCOW 2.30%** 1.37%* 3.23%% 2.74%%*
CCF N.S. N.S. N.S. 2.5
B.brizantha N.S. 4,9+ N.S. N.S.
DGPS 0.43 1.16%* 0.57 0.48
NTNP N.S. N.S. N.S. N.S.
NTCP N.S. 1.06 N.S. N.S.
LTNP N.S. N.S. N.S. N.S.
LTCP 0.99 N.S. 0.88 N.S.
MTNP N.S. 0.89 1.00* N.S.
MTCP N.S. 1.11 N.S. N.S.
FAL N.S. N.S. 0.77 N.S.
R? 54.68 41.90 72.67 70.24

* P<0.05, ** P<0,01. *** P<0,001. Maximum accepted P value = (.15,

N.S. Not significant: variables not retained after stepwise procedure.

SR(stocking rate, values for each season), MCOW (proportion of milking cows for entire herd,
values for each season), DGPS (degraded pasture), NTNP (natural pasture with no trees),
NTCP (cultivated pasture with no trees), LINP (natural pasture with low tree density), LTCP
(cultivated pasture with low tree density), MTNP (natural pasture with moderate tree density),

- MTCP (cultivated pasture with moderate tree density), FAL (fallows), CCF (cut and carry
forage).

The regression coefficients of the selected predictors by stepwise regression using forward
entrance and backwards elimination for saleable milk production are presented by season in
Table 6.9. Stocking rates and the proportion of milking cows (MCOW) showed significant

positive effects on saleable milk production for all seasons (P<0.001 except for MCOW in
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Apr/May), which had similar trends (in terms of P values and larger coefficients in wet
seasons) as occurred with backwards elimination. On the other hand, the proportion of
B.brithanta (BB) showed significant positive effects at the end of the dry season, while the
proportion of cut and carry forage showed a tendency to have positive effects at the end of the
wet season, which was also similar to the trends observed in the results of backwards
elimination. However, the proportions of land use parameters were quite different from the
results by using backwards elimination. The proportion of natural pasture with low tree
density (I.TNP) had a negative impact on saleable milk production at the end of the dry season
(P<0.05) and at the beginning of the wet season (P<0.05). The R® values were much lower in
the dry season (43.4 % at the end of the dry season) than wet season (72.7% at the beginning
of the wet season), which also occurred in backwards elimination, suggesting that the

influence of other factors are greater in the dry season.
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Table 6.9

Regression coefficients of predictors by season (forward and backwards procedures')

/Season Dry Wet
Predictor/Month Jan./Feb. Apr./May Jul./Aug. Oct./Nov.
Constant -0.4968 -0.3145 -1.388 -1.223
SR 1.32%%* 1.10%%* 1.773%%% 1.35%%%
MCOW 2,20%%% 1.34%* 3.28%%* 2,74%%%
CCF N.S. N.S. N.S. 2.5
B. brizantha N.S. 5.1%* N.S. N.S.
DGPS NS, N.S. N.S. 0.48
NTNP N.S. N.S. N.S. N.S.
NTCP N.S. N.S. N.S. N.S.
LTNP -0.93 -1.26* ~0.99* N.S.
LTCP N.S. N.S. N.S. N.S.
MTNP N.S. N.S. 0.53 N.S.
MTCP N.S. N.S. N.S. N.S.
FAL N.S. N.S. N.S. N.S.
R? 54.19 43.44 72.67 70.24

'Forward entrance and backwards elimination with maximum accepted P value = 0.15.
*P<0.05, ** P<0.01. ***P<0.001.

N.S. Not significant: variables not retained or selected after stepwise procedure

DGPS (degraded pastures), NTNP (natural pastures with no trees, NTCP (cultivated pasture
with no trees), LTNP (natural pastures with low tree density), LTCP (cultivated pastures with
low tree density), MTNP (natural pastures with moderate tree density), MTCP (cultivated
pastures with moderate tree density), FAL (fallows), CCF (cut and carry forage).
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6.3.5 Principal components analysis of land use parameters

The results of the principal components analysis (PCA) of the land use parameters are
presented in Table 6.10. The PCA produced five principal components that explained 79%
of the total variance (23% by PC1, 18% by PC2, 15% by PC3, 13% by PC4 and 11% for PC3,
respectively). The proportion of variance of PC6 was 0.09 (<0.1) and the eigenvalue of PC5
was .97 (approximately 1.0), suggesting that placing five components in the model is
sensible.

Degraded pasture (DGPS) and natural pasture with low tree density (LTNP) largely
determined PC1 (accounting for 23% of the variance) with negative and positive contributions,
respectively. DGPS was negatively correlated with LTNP (r=0.509, P<0.001, Table 5.15).
In addition, LTNP was negatively correlated to size of grazing areas (r=-0.277, P<0.05, Table
5.15) and positively correlated to stocking rates (1=0.356, P<0.01, Table 5.17), while DGPS
was positively correlated to size of grazing areas (1=0.194, tendency with P=0.098, Table 5.15)
and negatively correlated to stocking rates (r=0.201, tendency with P=0.086, Table 5.17).
Hence, PC1 was interpreted as a gradient related to land capacity to produce biomass and
consumption of biomass from grazing pressure: larger farms with lower stocking rates which
can produce more biomass vs. smaller farms with higher stocking rates.

Cultivated pasture with no trees (NTCP) and cultivated pasture with low tree density
(LTCP) largely determined PC2 (accounting for 18% of the variance) with negative
contributions, while PC3 (accounting for 16% of the variance) was largely determined by
positive contribution of fallows (FAL) and by negative contribution of riparian forests (FRST).

The correlation between FAL and FRST was negative (1=-0.358, P<0.01, Table 5.15). It is,
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therefore interpreted as a gradient related to woodlands in grazing areas, whether the
woodlands are fallow or forest. It is probably related to farm size since larger farms have
more forest in grazing area (1=0.240 P<0.05, Table 5.15), and some small farms have high
proportion of fallow.

Natural pasture with moderate tree density (MTNP) and natural pasture with no trees
(NTNP) largely determined PC4 (accounting for 12% of the variance) with positive and
negative contributions, respectively. PC4 was interpreted as a gradient related to the
proportion of silvopastoral areas (moderate tree density against no trees) with natural pasture,
which moves positively with MTNP and negatively with NTNP. Cultivated pasture with

moderate tree density largely determined PC5.
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6.3.6 Stepwise regression with principal components

The results of the regression analysis for saleable milk production with all variables and
those retained after the stepwise procedure are presented in Tables 6.11 and 6.12. Initially,
stocking rates (SR), and the proportion of milking cows (MCOW ) were significant (P<0.05)
and P values for PC1, PC2 and PC4 were lower than the threshold (P<0.15). The results by
using forward and backwards procedure and backwards elimination were the same. SR
(P<0.001), MCOW (P<0.001), PC1 (P<0.05), PC2 (P=0.133) and PC4 (P=0.104) were
retained after the stepwise regression. SR and MCOW contributed to 94% of R* (R*= 68%
only with two variables), and R® increased 1.9 %, 1.0% and 1.0 % when adding PC1, PC2 and
PC4, respectively. The P values of SR and MCOW were much smaller than those of the PCs.
In addition, the regression coefficient of PC1 had the largest absolute value among the PCs,
but those of SR/MCOW were 6.4/4.6 times larger. These findings suggest that SR and
MCOW had much larger impacts than land use parameters on saleable milk production. The
regression coefficient of PC1 (P<0.05) was negative, suggesting the combined effects of
DGPS and L'TNP (the former having a positive effect and the later a negative effect) in PC1
on milk yield. The coefficient of PC2 was also negative, suggesting the combined positive
effects of cultivated pasture with no trees and low tree density (NTCP and LTCP). The
coefficient of PC4 was positive, suggesting the combined effects of natural pasture with
moderate tree density (MTNP) and natural pasture with no trees (NTNP) (the former having a

positive effect and the latter a negative effect) on milk yield.
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Table 6.11
Results of regression analysis for daily saleable milk production per hectare by initial
variables

Predictor Coefficient SE Coefficient T P

Constant 1.382%%% 0.04675 29 .56 <0.001
sSR! 0 517%** 0.05461 947 <0.001
MCOwST! 0.346%+% 0.04996 6.93 <0001
CCF ¥ 0.0185 0.05507 0.34 0.738
B, brizantha®! 0.0813 0.05031 1.62 0.111
PC1 -0.0838* 0.03513 2.38 0.020
PC2 -0.0617 0.03853 -1.60 0.114
PC3 0 0509 0.04181 1.22 0228
PC4 0.0781 0.04557 1.71 0.091
PC5 0.00001 0.04935 0.00 1.000

R% =173 .4 % * P<( 05, ** P<(.01, *** P<0 001
! Annual means.
SIStandardised values (subtracting means and dividing by standard deviations).

Table 6.12
Results of stepwise regression analysis for daily saleable milk production per hectare
with selected principal components

Predictor Coefficient SE Coefficient T P

Constant 1.382%%* 0.0466 29.68 <0.001
SR™! 0.525%%* 0.0503 10.45 <0.001
MCOW™! 0.367 %% 0.0471 7.80 <0.001
PC1 0.0802% 0.0349 -2.30 0 025
PC2 -0.0573 0.0376 -1.52 0.133
PC4 0.0737 0.0447 1.65 0 104

R*=72.0 %. * P<0.05, *** P<(.001.

Note: SR (annual mean stocking rate), MCOW (annual mean proportion of milking cows for
entire herds), PC1, 2, and 4 (principal components based on land use parameters).

Standard stepwise procedure (forward selection and backwards elimination) and backwards
elimination with maximum accepted P value = 0.15.

ST Standardised values (subtracting means and dividing by standard deviations).
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6.3.7 Estimation of the coefficients of land use parameters

The coefficients of land use parameters calculated based on equation (4) with selected
principal components after the stepwise procedure are presented in Table 6.13. Degraded
pasture (DGPS), cultivated pasture with moderate tree density (MTCP), and natural pasture
with moderate tree density (MTNP) accounted for 71% of the positive effects on milk yield
(26%, 30% and 15%, respectively), while natural pasture with low tree density (I.TNP) and
natural pasture with no trees (NTNP) accounted for 86% of the negative effects on milk yield
(41% and 45% respectively).

The coefficients of the land use parameters are also demonstrated in Figure 7.1. The
model (equation 5) indicated that the negative effects of natural pasture with no trees and low
tree density (NTNP and LTNP) were larger than the positive effects of DGPS, NTCP and
MTCP. With the mean values of cattle/pasture and land use parameters, the mean saleable
milk production per hectare was 1.38 litres/ha/day which was the same as the value from the

herd survey (Section 5.3.6).

MLK/D/H = 1.38 + 0.525 SR¥ + 0367 MCOW®'

+0.029 DGPS -0.078NTNP + 0.032NTCP -0.071 LTNP + 0.008 LTCP

+0.017 MTNP + 0.034 MTCP -0.007 FAL - 0 025 FRST (5)
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Table 6.13 e NICA - O

M_Hmmz':-ﬂ'—’”’—"
Coefficients of land use parameters for daily saleable milk production per hectare by
selected principal components’

Variables of coefficients

Land use parameter ~ PCl PC2 PC4 Total %"

DGPS 0.045 -0.018 0.001 0.029 255
NTNP 0033  -0.010  -0.035 -0.078 -44 9
NTCP 0.004 0.034 -0.005 0.032 29.0
LTNP -0.043 0009  -0.019 -0.071 -41.1
LTCP 0.006 0.030 -0.029 0.008 44

MTNP -0.035 0.002 0.049 0.017 15.2
MTCP 0.008 0.015 0011 0.034 30.2
FAL -0.001 0.006 0,012 -0.007 42
FRST 0.013 -0.021 -0.016 -0 025 -14.2
Total 0.0

‘Coefficients were calculated by the coefficients of land use parameters for principal
components scores multiplied by the coefficients of principal components for the regression
model (Section 6.2.5.3.3).

*Percentage for the sums of negative and positive coefficients.

Note: DGPS (degraded pasture), NTNP (natural pasture with no trees, NTCP (cultivated
pasture with no trees), LTNP (natural pasture with low tree density), LTCP (cultivated pasture
with low tree density), MTNP (natural pasture with moderate tree density), MTCP (cultivated
pasture with moderate tree density), FAL (fallows), FRST (riparian forests),
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Figure 6.1: Coefficients of land use parameters for
the regression model

0.050 (11. DGPS
0.025 B2 NTNP

2 o0.000 M3 NTCP
8 0095 E4. LTNP
£ B5 LTCP
S ~0.050 E16. MTNP
~0.075 E7. MTCP

8. FAL
-0.100 9. FRST
Land use parameters

Note: DGPS (degraded pasture), NTNP (natural pasture with no trees), NTCP (cultivated
pasture with no trees), LTNP (natural pasture with low tree density), LTCP (cultivated pasture
with low tree density), MTNP (natural pasture with moderate tree density), MTCP (cultivated
pasture with moderate tree density), FAL (fallows) FRST (riparian forests).

6.3.8 Regression analysis with principal components for each season

The results of the regression analysis on saleable milk production for each season by the
initial variables are presented in Table 6.14  Stocking rates (SR) and the proportion of
milking cows (MCOW) were significant and positive for all seasons (P<0.001) except for
MCOW at the end of dry season (P<0.01), suggesting that MCOW were less important for
milk production at the end of the dry season. Regarding pasture parameters, positive effects
were shown by the proportion of B. brizantha (BB) at the end of dry season (P<0.01) and cut
and carry forage at the end of wet season (P<0.05). The effect of PC1 was close to being
significant at the end of the dry season (P=0 057). Moreover, R? values were much lower in
the dry season than in the wet season (45% at the end of the dry season and 73% at the

beginning of the wet season).
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The results of the stepwise regression for saleable milk production for each season with
the selected predictors are presented in Table 6,14,  The results by backwards elimination and
forward and backwards procedure were the same. Stocking rates (SR) and the proportion of
milking cows (MCOW) were significant and positive for all seasons (P<0.001) except for
MCOW at the end of the dry season (P<0.01), suggesting that MCOW is less important for
saleable milk production in this season. A larger R* value was observed at the beginning of
the wet season, because R” obtained by SR and MCOW were much larger in this season (R?
=34% at the end of the dry season compared with R?=70% at the beginning of the wet season),
suggesting that these variables were more important in the wet season for milk production.
Positive effects of the proportion of B. brizantha (BB) on milk yield were found at the end of
the dry season (P<0.01). The proportion of cut and carry forage was retained in the model at
the end of the wet season but it was not significant (P=0.093) No PCs were retained in the

model except for PC1 at the end of the dry season (P=0.064).
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Table 6.14

Results of regression analysis for daily milk production for each season by initial

variables
/Season Dry Wet
Predictor/Month Jan /Feb. Apr./May Jul./Aug. Oct./Nov.
1.3347%** 1.198%%* 1,647 %% 1.350 %=
Constant
(<0.001) {<0.001) (<0.001) (<0.001)
GRST 0,512%** 0.510%** 0.597%%* 0.573%%*
(<0.001) {<0.001) (<0.001) (<0.001)
- 0.434%** 0.263** 0.685%%* 0.594%**
MCOW
{<0.001) (0.603) (<0.001) (<0.001
- -0.0035 0.0113 0.0955 0.154*
(0.972) (0.904) (0.207) (0.039)
B, brizantha™ 0.0985 0.242%* -0.0307 0.0267
(0.243) (0.009) (0.680) (0.709)
-0.0813 -0.1169 -0.0203 -0.0646
PCl (0.157) (0.057) (0.684) (0.229)
P2 -0.0366 -0.0643 -0.0954 -0.00737
(0.566) (0.358) (0.103) (0.895)
. 0.0016 0.0692 0.0850 0.0916
PC3 (0.981) (0.334) (0.172) (0.134)
0.0044 0.11036 0.107 0.0911
pCa (0.953) (0.180) (0.114) (0.168)
. 0.0473 -0.0244 0.0251 00377
PCS (0.584) (0.783) (0.733) (0.597)
R? 54.6 % 45.0 % 734 % 712 %

Note: Regression coefficients above and (P values) below.
ST Standardised values (subtracting means and dividing by standard deviations) were used.
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Table 6.15
Results of stepwise regression analysis for each season with selected principal

compenentsl
/Season Dry Wet
Predictor/Month Jan /Feb. Apr./May Jul /Aug. Oct./Nov.
0.469%* 1.198%*% 1.647%%* 1.350%#%
Constant
(0.006) {<0.001) (<0.001) (<0.001)
SR 0.489%#* 0.491 %= 0.613%%+* 0.528%*=
(<0.001) (<0.001) (<0.001) (<0.001)
2.21%%% 0.285*%* 0.706%** 622 %%
MCOW 0.622
(<0.001) (<0.001) (<0.001) (<0.001)
0.117
CCF NS. N.S. NS
(0 093)
0.224%*
B. brizantha N.S. NS. N.S.
(0.009)
-0.112 ‘
PC1 NS. NS. NS
(0.064)
R? 51.8 42.0 70 1 68.7

'Maximum accepted P value = 0.15, * P<0 05, ** P<0.01. *** P<0 001,

Note: Regression coefficients above and (P value) below.

N.S. Not significant (excluded from the model by stepwise procedure).

*1 Standardised values (subtracting means and dividing by standard deviations) were used.
No significant effects of PC2-PC5 were observed.

6.4 Discussion

6.4.1 The positive effects of land use parameters on saleable milk production

The four land use parameters [degraded pasture (DGPS) (P<0.001), cultivated pasture
with low tree density (LTCP} (P<0.05), natural pasture with moderate tree density (MTNP)

(P<0.01), and cultivated pasture with moderate tree density (MTCP) (P<0.05)] remained, with
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positive coefficients, in the stepwise regression analysis for saleable milk production by
backwards elimination (Table 6.7). The land use types with positive regression coefficients
(DGPS, MTNP, MTCP) had moderate tree cover (19 -25%), except for cultivated pasture with
low tree density (LTCP) (12.5%). Tree cover can provide positive effects on grass
production due to leaf drops, better nutrition cycling, higher soil organic matter and improved
physical soil structure and nitrogen fixing by trees (Young, 1989; Wilson and Wild, 1991).
Seasonal analysis by backwards elimination suggested that these land use types tended to have
positive effects on milk production at the end of the dry season, [t may suggest that these
land use types generally supported milk production through tree cover (approximately 20%),
providing fruits and leaves from trees and/or contributing to maintaining pasture production
particularly at the end of the dry season

Seasonal analysis provided evidence that DGPS had positive effects on saleable milk
production at the end of the dry season (P<0.01) (Table 6.8). This may suggest that broadleaf
plants which were generally considered as weeds and not consumed by cattle during the wet
season, remaining in DGPS, supported saleable milk production at the end of the dry season.
Some broadleaf plants are considered to be important forage in the dry season with higher
selectivity due to the shortage of grass (Bayer and Waters-Bayer, 1998; Nyaata et al , 2000).
In contrast, positive effects on saleable milk production of MINP were observed at the
beginning of the wet season (P<0.05) (Table 6.8), suggesting that natural pastures grow during
this period and support saleable milk production. Moreover, both LTCP and MTCP had
positive effects on milk production, but the effects of MTCP were found at the end of the dry
season while those of LTCP seemed to be spread out throughout the year (Table 6.8). It may

suggest increased grass production by shade in the dry season (Wilson and Ludow, 1991) and
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fruit production by common tree species found in grazing areas, (e.g. Guazuma uimifolia,
Enterolobium cyclocarpum, and Albizia saman) supported milk production in particular in the
dry season (Section 4.3.3; Esquivel, 2004). Further studies are recommended regarding the

botanical composition and nutritional values of broadleaf plants in the dry season.

6.4.2 The negative effects of land use parameters on saleable milk production

According to the stepwise regression analysis with original variables by forward and
backwards procedure, natural pasture with low tree density (LTNP) had a negative effect on
saleable milk production (P<0.01) (Table 6.5). In addition, seasonal analysis showed that
LTNP had negative coefficients at the end of the dry season and the beginning of the wet
season (P<0.05). It may suggest that the land use type does not have sufficient pasture to
support saleable milk production at the end of the dry season and that the areas were
conserved for pasture recuperation at the beginning of the wet season as described in Chapter
5. Tt should be noted that the correlation between the annual mean stocking rate (SR) and
LLTNP was positive (1=0.356, P<0.01,Table 5.17) and that the correlation between the size of
grazing area and LTNP was negative (r=-0.277, P<0.01, Table 5.15). These findings suggest
that LTNP was overgrazed, resulting in the negative effects on saleable milk production due to
lack of biomass at the end of the dry season. The associations with the size of grazing area
imply that this overgrazing problem is likely to be found in smaller farms.

However, it should be also noted that at the beginning of the wet season, natural pasture
with moderate tree density (MTNP) had a positive coefficient (P<0.05). It may suggest that

MTNP had stronger pasture growth under better soil conditions supported by tree cover, thus
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did not require pasture recuperation, while LTNP needed pasture recuperation due to pasture
degradation caused by overgrazing It is not entirely clear whether the difference between
two land use types were caused by higher tree cover of MTNP or overgrazing on LTNP
because both tree cover and stocking rates historically formed two land use types over time.
The results of the regression analysis suggest that in addition to the effects of actual stocking
rates (one of the predictors), the land use types with moderate tree cover contributed to milk
production but the land use type with low tree density did not. Further studies are
recommended to compare milk production on these land use types under similar stocking

rates.

6.4.3 The effects of introduced pasture species on saleable milk production

The regression coefficient of B. brizantha was at its largest at the end of the dry season
(P<0.01) (Table 6.8). The results suggest that this species is an important forage source
particularly at the end of the dry season due its drought tolerance (Peters et al, 2003). The
positive coefficients of the proportion of cut and carry forage (Pennisetum spp.) at the end of
the wet season are noteworthy (Table 6.8 and 6.9). It seems that supplementary forage was
cut and used as cattle fodder at the end of the wet season in order to make it available in the
dry season (60 days after cutting, Peters, et al,, 2003), simultaneously keeping other pasture
for grazing in the dry season. Cut and carry forage is provided to cattle in the dry season, but
positive coefficients were not observed in the regression analysis. It is probably because the
cut and carry forage was over mature and mainly used in limited amounts from February to

May (Section 5.3.9). Hence it was primarily used for maintenance of cattle rather than
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contributing to milk production.

6.4.4 Role of cattle management on saleable milk production by season

In the regression model, stocking rates (SR) and the proportion of milking cows
(MCOW) were demonstrated to be important variables affecting saleable milk production (R?
of 68%) based on the data of annual means. However at the end of the dry season, R* was
much smaller (R? of 33.6%) (Table 6 .8). It may suggest that due to the shortage of fodder in
general at the end of the dry season, since higher stocking rates and the proportion of milking
cows resulted in a higher fodder requirement, these variables did not contribute to milk

production as much as they did in the wet season.

6.4.5 Regression analysis based on annual data with principal components

In the stepwise regression with principal components based on annual data, PC1, PC2 and
PC4 were retained in the model as predictors. PC1 (P<0.05) and PC2 were retained
negatively, and PC4 positively. Since PC1 had a gradient of less degraded pasture and higher
grazing pressure, it suggests that lower grazing pressure with more degraded pasture result in
higher saleable milk production. This result may suggest that in order to have very efficient
use of medium and poor quality forage resources, which is one of the main characteristics of
the dual-purpose cattle farms (Sere and de Vaccaro, 1985), the farms need to have sufficiently
low stocking rates and large size. These characteristics may be comparable to the conditions to
use “the land-using technologies”, which have lower total costs per unit of milk production

than land saving technologies (Nicholson et al , 1993).
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Cultivated pasture with low tree density (LTCP) made a large negative contribution to
PC2, suggesting that cultivated pasture supported milk production. PC4, which was
interpreted as a gradient of silvopastoral areas with natural pasture, had a positive coefficient,
suggesting that increased proportion of silvopastoral areas (with 25% tree cover of natural
pasture with moderate tree density) increases milk production. On the other hand, PC3 and
PC5 were not retained in the model. PC3 had coefficients for fallows and forests with
opposite signs, the effects of woodlands were therefore potentially eliminated. PCS5, to which
cultivated pasture with moderate tree density (MTCP) made a large contribution, was not
selected probably because cultivated pasture with low tree density had the opposite signs;
therefore, the effects of cultivated pasture were eliminated.

The regression coefficients for land use parameters highlighted positive effects of
degraded pasture (DGPS), cultivated pasture with no trees (NTCP), cultivated pasture with
moderate tree density (MTCP) and natural pasture with moderate tree density (MTNP), They
highlighted large negative effects of natural pasture with no trees (NTNP) and natural pasture
with low tree density (LTNP) (Table 6.13, Figure 6.1). These results were similar to the
significant effects obtained with original variables (Section 6.3 2 and 6.3 3); positive effects of
DGPS, LTCP, MTNP and MTCP and negative effects of LTNP. The negative effect of NTNP
and the positive effect of NTCP on milk production were not observed in the regression
analysis of original variables, probably because these variables represented a small proportion
of the area, with large standard deviations, on the sample farms; therefore, standardisation of
variables allowed the effects of these land use parameters to be identified. Moreover, FAL,
which had a positive coefficient in the model by backwards elimination (Section 6.3.1), had a

small negative coefficient in the model, probably because the effects of this land use type were
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eliminated by PC3.

Fifty-two percent of the variance were accounted by PC1, PC2 and PC4. [Initial multiple
regression showed that P values of PC3 and PC5 were much larger than those of PC1, 2 and 4,
particularly PC5 (P=1.0 Table 6.11). PC3 had 15% of variance of the data set, but was
largely composed of FAL and FRST (Table 6.10). It indicates that the model including PC1,
2 and 4 was sensible except for the coefficients of FAL and FRST whose variances were

excluded by eliminating PC3.

6.4.6 Regression analysis based on seasonal data with principal components

Separate analysis by season did not detect any significant effects of principal components
except for PC1, which was retained in the model, albeit with P>0.05, at the end of the dry
seasonn. In contrast, regression analysis of the original variables identified effects of land use
parameters in several seasons. These were the positive coefficients for MTCP at the beginning
of the wet season and for DGPS at the end of the dry season. Negative coefficients were
estimated for natural pasture with low tree density at the end of the dry season and at the
beginning of the wet season. The positive effects of the proportion of B. brizantha (BB) at
the end of the dry season (P<0.01) and the proportion cut and carry forage at the end of the
wet season were observed, and were the same as the results of regression analysis with
original variables.

It seemed that the effects of land use parameters were weakened by using principal
components. It is probable that since principal components are composed of a combination
of variables, the variables may counteract each other resulting in non-significant effects of the

principal component.
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6.4.7 Economic prediction based on the regression model

Economic prediction by the regression model was performed by regression models by the
original variables (3) and (4). Scenarios presented here were to increase saleable milk
production by changing 10% of the grazing areas to one with higher effects on saleable milk
production. By using regression model (3), 10% of the grazing areas were removed from
LTNP and by using regression model (4), the same size of land were added to MTCP, The
results showed that daily milk yield per hectare became almost the same, 1.48 litres/ha/day for
both models. The results indicate that either by increasing cultivated pasture with moderate
tree density (MTCP) or reducing the natural pasture with low tree density (LTNP) by 10% of
the grazing areas, the farm can increase production by 0.1 litres/ha/day (7% increase) (Table
6.16). By the same land use change additionally using B. brizantha, the farm can increase
milk production by 0.28 litres/ha/day, (20 % increase). The results imply that for a farm with
the mean size grazing area (21.4 ha), the farm income can be increased by US$459 by

changing 10% of the land use to more productive types.
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Table 6.16
Economic prediction of saleable milk production by land use change

Condition of change Milk production Milk production  Difference Difference
/unit litres’ha/day  litres/ha/year ~ US$/ha/year %

Current condition 1.38 504 0 0

10% land with MTCP 1.48 540 7.4 7.0

10% land with MTCP

1.66 606 21.5 203
and B.brizantha

'Milk price: US$0.21/litre (based on weighted mean milk price of wet and dry season (Section
3.3.5) by the following equation):

Mean milk price (US$/litre) = [(Milk price in the wet season x 8 months) + (Milk price in the
dry season x 4 months)] x 1/ 12 months

MTCP (cultivated pasture with moderate tree density).

6.5 Conclusions

This study examined by stepwise regression the effects of land use patterns of
dual-purpose cattle farms on cattle production in central Nicaragua. The regression model by
using original variables demonstrated that significant positive effects of natural and cultivated
pastures with moderate tree density (P<0.01 for MTNP and P<0.05 for MTCP), degraded
pastures, (P<0.001), cultivated pasture with low tree density (P<0.05), and negative effects by
natural pasture with low tree density (P<0.01) on saleable milk production.

Also, the area of B. brizantha made a significant contribution to saleable milk production
at the end of the dry season (P<0.01), suggesting that this pasture species is important in this
season. Although stocking rates and the proportion of milking cows were demonstrated as

important variables for saleable milk production through the year, their importance was
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smaller at the end the dry season.

The regression model using principal components selected the three principal components
for annual saleable milk production; the largest component (23% of variance, P<0.05) related
to grazing pressure and land capacity, the second (18% of variance) related to the use of
cultivated pasture, and the fourth (12% of variance) related to silvopastoral areas under natural
conditions. The results suggest that in order to have positive effects from the largest
components, farms need to be large in size and small in stocking rates, but also the use of
cultivated pasture and silvopastoral area under natural pasture support milk production.

The study generally concluded that silvopastoral areas, especially pasturelands with
moderate tree density (tree cover approximately 20%) have significant positive impacts on
annual milk production and that the land use change from natural pasture with low tree density
(LNTP) to cultivated pasture with moderate tree density (MTCP) using B. brizantha is the
most productive land use change. However, it can be concluded that the smaller farms with
higher stocking rate, and higher proportion of LTNP were overgrazed and therefore degraded,
thus having negative effects on saleable milk production at the end of the dry season. If
further degradation proceeds, such farms may have to be sold, and farmers would have to
move further east into the agricultural frontier where land is available at a lower price. Such
movement would probably cause further deforestation in the Atlantic side of Nicaragua.
Therefore, intervention is suggested as an appropriate policy for these farms. Further studies
are recommended on botanical composition of broadleaf plants in the grazing areas and their
nutritional values in the dry season, as well as the relationship between farm types and

potential land use change for increasing saleable milk production.
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Chapter 7

General Discussion and Conclusions

7.1 Evaluation of methodological framework

7.1.1 Comparison between experiments and farm monitoring

The study has five components: 1) general farm survey (Chapter 3), 2) pasture and
vegetation survey (Chapter 4), 3} land survey (Chapter 5), 4) herd survey (Chapter 5), and 5)
analysis of the relationships between land use patterns of grazing areas and production
parameters (Chapter 6). The objective of the study is to examine the effects on production of
silvopastoral areas in the “existing” dual-purpose caitle production systems in the Matiguas
region of central Nicaragua. It is possible to examine the effects of silvopastoral areas on
production on an experimental basis by comparing the production from cattle grazed on
silvopastoral areas with that of cattle grazed on pastures without trees under the same
conditions in terms of cattle production systems. However, since variability between
individual cattle is large (Llamozas and Vaccaro, 2002), in order to obtain statistically
significant results, a large number of samples is needed. It is difficult to have similar
conditions in grazing areas across a large number of samples. The experiments would be
large and very costly.

In contrast, the present study was undertaken using “existing” farming systems on
commercial farms. Farm management varied between farms; therefore, variability is expected
to be much higher than in field experiments. Consequently, a greater number of samples than

experiments is needed. However, the study is less expensive than a comparable experimental
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approach since production costs are met by the farmers. The study farms were monitored for a
one year period. One hundred and thirty farms were initially identified and the study
attempted to monitor 100 farms. However, 74 farms were surveyed due to farmers’ attitudes
toward the project, harsh field conditions in the agricultural frontier, and time constraints.

The experiment results are considered to be technical results; therefore, in order to apply
the results, the other factors including farm management, socio-economic conditions of
farmers, etc. have to be considered. In contrast, the results of this study, based on existing
farming systems, provide useful information for policy design in the region. However, it
should be noted that since farm management decisions will have influenced the data, the study
may not be able to determine whether silvopastoral areas themselves directly have positive
effects on production or whether the positive effects were due to the impact of farmers’

decisions.

7.1.2 Analytical approach of the study

In this dissertation, there are three chapters that characterise the surveyed farms in terms
of general farming systems (Chapter 3), grazing areas (Chapter 4), and land use patters along
with herd management (Chapter 5). The main objective, “To examine the effects of
silvopastoral areas on production”, was analysed in Chapter 6. The effects of silvopastoral
systems were analyzed by only using data obtained for land and herd surveys (Chapter 5).

The general farm survey (Chapter 3) provided general information about the farming
systems including socio-economic conditions by using existing data, and the pasture and tree

survey (Chapter 4) provided information of existing conditions of grazing areas. The data
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from these two surveys were not directly used in the final analysis, but they played a very
important role in planning the final stage of the analysis and discussion of the resuits of the

last two chapters.

7.1.3 Selection of study site

The study area was selected because it was considered the most probable site to observe
positive effects of silvopastoral areas on cattle production. Three characteristics were
considered to be important to ascertain the positive effects. First, tree cover is particularly
important in the farming systems in the study area in order to facilitate crossbred cattle which
require cooler temperature. Secondly, tree cover is also important in semi-humid conditions
for dry season fodder. Thirdly, an important proportion of the grazing areas were covered by
tree cover. It is probable that the positive effects of silvopastoral areas on milk production
were ascertained due to these conditions of the study area. It should be noted that the effects
of natural and cultivated pasture with no trees were observed only by regression analysis with
principal components, suggesting that the certain proportions of the land use types were
needed in order to show the significant effects by regression analysis with the original
variables. Further studies on the effects of land use patterns on cattle production in different
farming systems (e.g. intensive milk production, meat production) and climate conditions (e.g.

area with a longer dry season, higher altitude) are recommended.

7.1.4 Selection of variables for regression analysis
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The effects of silvopastoral areas on cattle production were expected to be rather weak
compared to other factors such as stocking rates, number of lactating cows, and supplementary
feeding. In order to examine the effects of silvopastoral areas on cattle production, the study
needed to remove the effects of other factors. Stocking rates and the proportion of milking
cows were included in the regression predictors. The general survey (Chapter 4) concluded
that supplementary pastures significantly influence the gross margin and milk production, but
the use of molasses and concentrates were limited. The level of supplementary forage was,
therefore, estimated by the proportion of areas of cut and carry forage for grazing areas.
Accordingly, the study obtained the results for the main objective, the significant effects of
silvopastoral areas by the regression analysis with original variables (Chapter 6).

Productivity can be examined by cow basis, but it was observed that the productivity per
cow basis was strongly influenced by farm size. Variability between farms was large. Farm
size is the largest factor influencing the total variability of the farms. Therefore, the study
examined productivity per hectare.

In the regression analysis of Chapter 6, the dependent variable was daily saleable milk
production per hectare. It was considered that daily saleable milk production was the easiest
and most accurate variable for farmers to answer.  In the regression analysis, the errors of the
dependent variables are very sensitive to results.

Due to the resource and time constraints of the study and the number of samples needed
for multivariate analysis, it was not possible to directly monitor cattle production. However,
the study ascertained the effects of silvopastoral areas by selecting daily saleable milk

production as the dependent variable.
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7.2 Efficiency of cattle production

The dual-purpose cattle farms in the study area are under extensive management. On
average, tree cover represented 23% of the grazing lands (Section 5.3.1). The stocking rate
was 0.91 LU/ha on average, (Section 5.3.3). The estimated mean milk production was low
(804 litres per lactation and 1.38 litres per hectare per day) (Chapter 5). However, these results
were similar to the production data presented by other studies in Latin American countries
(Sere and de Vaccaro, 1984; Vaccaro et al., 1992; Wilkins et al., 1979), but lower than the
target yield suggested by Wilkins et al. (1979).

Grazing areas were largely dominated by natural pastures, fallows and forests with low
prass cover (Chapter 4 and 5). The farms largely utilized silvopastoral areas for catile grazing.
The two large land use types, degraded pasture (DGPS) and natural pasture with moderate tree
density (MINP) occupied almost half of the grazing areas with moderate tree cover
(accounting for approximately 20%), while pastures with no trees occupied only 12% of
grazing areas. Supplementary feeding was common in the dry season but rather for
maintenance purposes and use of concentrates was not common (Section 5.3.9). Variable costs
were estimated to be low, approximately 7% of the annual income from cattle production, but
it is questionable whether higher amounts of inputs are economically feasible. Nicholson et al.
(1995) suggested that the empirical experiences of dual-purpose cattle production systems in
Latin America showed that land-using technologies have lower total costs per unit of milk
than land saving technologies. Holmann (1989) concluded that dual-purpose cattle
production systems with crossbred cattle in lowlands is more economical than specialized

dairy systems in the highlands of Venezuela.
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Economic productivity indicators suggested that the gross margin was estimated to be
US$150/ha/year from cattle production (mean annual income from cattle production
US$161/ha minus 7% of the variable cost), which was rather low compared with other data
presented by Holmann (1989) in Venezuela and Sere and de Vaccaro (1985) in Panama. In
addition, the average net income per family labourer was US$4.1/day. In fact, the average
net income per family labourer was raised by larger farms and that 37% of the sample farms
had the daily net income per labourer lower than US$2, the average daily salary of a casual
labourer (Chapter 3).

The economic situation of Nicaragua is, GNP per capita US$720, 48% of the population
under national poverty line (World Bank 2004), land price US$509/ha, and few available jobs
in the study area. This farming system requires a very small allowance for depreciation since
most investments are associated with land and cattle (Sere and de Vaccaro, 1985), thus it may
be characterized as being risk averse, as it is generally agreed that farmers are willing to forgo
some income in order to avoid risk (Upton, 1996). Sere and de Vaccaro (1985) observed that
in dual-purpose cattle farms in Panama, land and cattle comprised 91% of the total capital
investment. In addition, this farming system has an advantage of producing most of the food
for human consumption (corn, bean, pigs, chickens, etc.) on the farms.

Hence, it is possible to conclude that this farming system is low in productivity, but it is
economical, low risk involved, and provides an acceptable option for farmers who have
relatively large farms (=60 ha, Table 3.21). For smaller farms, intensification may be
essential in order to survive with current family members; otherwise, they may need to
emigrate to the current agricultural frontier. Further studies are recommended on economic

analysis of the farming systems, particularly feasibility studies on different ways of
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mtensification for various farm types (e.g. size, labour).

7.3 Stocking rates and farmer strategies

Cattle were frequently moved between local farms, while many problems related to
temporal cattle movement were observed (Chapter 6). Farmers with small holdings in the
tropics may pursue neither high production per animal nor area, but rather high production
from locally available resources (Bayer and Waters-Bayer, 1998). Thus, they may be more
interested in achieving acceptable reproduction rates rather than high production per animal.
Farmers feed animals with high quality forage when it is available, but when forage is in short
supply they use low quality feeds to meet maintenance requirements.

The study results showed that farmers want to have more cattle in their farms (Section
4.3.2). Ninety percent of R? value of the regression analysis on milk production per hectare
was explained by stocking rates and the proportion of milking cows (Section 6.3.2). This
indicates that the number of milking cattle was the most important variable affecting milk
production, and farmers preferred to have more animals on the farms. In the dual-purpose
cattle systems, reproduction is essential for production. It seems that farmers are interested in
intensifying their production systems, but tend to simply believe that having more cattle makes

more opportunities for reproduction and produces more milk and calves.

7.4 Farm size and land use to support cattle production

The principal components analysis, based on the proportion of land use types in grazing
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areas, showed that the largest component (PC1) had a gradient related to production capacity
and consumption of biomass. The regression analysis showed that PC1 had significant effects
on milk production (P<0.05), providing the estimation that farms which have larger degraded
pasture (DGPS), smaller natural pasture with low tree density (LTNP), and lower stocking
rates can take advantage of these components to support milk production (Chapter 6).
Further analysis provides evidence that smaller farms have larger natural pasture with low tree
density causing negative effects on saleable milk production, and they tend to have smaller
degraded pasture which can contribute to milk production (Section 5.4.1). It probably
indicates that for larger farms, having low stocking rates and more degraded pasture is one of
appropriate options (in a sense to use PC1 for production), which takes advantage of “land
using technology” as suggested by Nicholson et al. (1994).

In contrast, smaller farms with less degraded pasture, but that need to graze cattle at rather
higher stocking rates, have more natural pasture with low tree density (LTNP) (P<0.01) where
soil fertility is lowered and amount of biomass production is declining. As mentioned above,
smaller farms have lower net income per family labourer. Such farms eventually may need to
be sold and farmers may have to move towards the current agricultural frontier where lands
are less expensive or adopt other economic activities. It was observed that farmers considered
moving towards the east, to have a larger farm, as one possible option. This movement may
cause deforestation and pasture development from natural forest towards the more humid area
of the Atlantic plains (Kaimowitz, 1996). Alternative measures for such farms, including
diversification of the production system need to be considered.

The study results showed that medium sized farms (15-30 ha of grazing areas) tended to

have more areas for cut and carry forage for dry season fodder (Chapter 3). Such farms are
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likely to be more eager to intensify their farming systems because they do not have sufficiently
large land to use “land using technology” but they may have small available lands.
Accordingly, it can be concluded that these farms can be targeted for political intervention to

intensify production.

7.5 Availability of dry season fodder

The study results show that daily saleable milk production per farm did not differ by
season (Chapter 5). The study results also showed that calving were more frequent in the dry
season than in the wet season (P<0.05, Section 5.3.4) probably because more cows conceive at
the beginning of the wet season when physical conditions are improved by better fodder. In
addition, even though fodder conditions are very severe, stocking rates did not decline in the
dry season, resulting in significantly low milk production per cow (P<0.01) and there was a
tendency to have higher adult mortality rates at the end of the dry season. It seems that since
most of the farms were at locations accessible to milk collectors, they tended to bring more
milking cows to the farms to sell milk. The evidence suggests that this farming system
places a large burden on the environment, especially in the dry season.

Supplementary feeding, especially with salt and molasses, were practiced in the study area
(42% of the farms used molasses, Section 5.3.9). However, it seemed that the amount of
molasses was limited due to its high and unstable price. The use of crop residues as animal
feedstuffs was also limited due to the small area of crop cultivation compared to the number of
cattle on the farms. Considering the obstacles to obtain locally available supplements, higher

milk prices in the dry season and farmer tendency to avoid cash outlays (Kaimowitz, 1996), it
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seems that producing supplemental pasture by cut and carry system is an acceptable option for
farmers. The study results suggested that the proportion of area of cut and carry forage for
the entire grazing area was positively correlated with the annual gross margin from cattle
production, cattle sales and milk production per hectare (Section 3.3.7). However, since the
cut and carry system is labour intensive, the expansion of the system may be limited to a
certain extent by using currently available labour (3.7 farm labourers on average, Section

33.1.1).

7.6 Pasture conditions and soil fertility

7.6.1 Conditions of natural pastures

Sixty-two percent of the grazing areas were occupied by areas dominated by either natural
grass (natural pasture with no, low or moderate tree density) or broadleaf plants (degraded
pasture) (Section 5.3.1). Natural pasture with low tree density (LTNP) showed negative
effects on milk production at the end of the dry season (P<0.05, Section 6.3.4). Natural
pasture species (e.g. Paspalum notatum/conjugatum) are low in yield and their production is
limited in the dry season (Duke, 1983; Peters et al., 2003). Therefore, natural pastures
require frequent weeding to cover larger areas especially in the beginning of the wet season
when pastures start to grow. The study results showed that degraded pasture had positive
effects on milk production at the end of the dry season (P<0.01, Section 6.3.4), suggesting that
broadleaf plants are not “weeds”, but an important forage in the dry season when production

of natural pasture is limited.
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Herbaceous leguminous plants such as Mucuna pruriens, Vigna vexillata and Desmodium
sp. were found in approximately half of the parcels covering 5% of the area (Section 4.3.2.2).
However, utilization of these species by cattle is probably limited due to low coverage of the
area. In general, creeping tropical pasture legumes are unstable under commercial stocking
rates (Minson et al., 1993), but manipulation under lower stocking rates may be applicable in
the study area. In addition, farmers suggested that some herbaceous plants found in the
grazing areas are consumed by cattle. Moreover, it should be noted that the consumption of
broadleaf plants by cattle at the end of the dry season may support growth of natural grass at
the beginning of the wet season, thus lowering the burden of weeding. Therefore, some
farmers may consider that higher grazing pressure at the end of the dry season is sensible.
Further studies are recommended regarding the nutritional values of broadleaf plants and their

utilization for cattle production, especially in the dry season.

7.6.2 Conditions of cultivated pastures

Cultivated pastures covered only a limited proportion of the grazing areas. H. rufa and P
maximum are the traditional cultivated pasture species and B. brizantha and Pennisetum spp.
are recently sown pasture species in the study area (Section 3.3.3.2). H. rufa produces
abundant seeds and requires low to medium soil fertility, but it loses nutritional value in the
dry season, thus supporting lower stocking rates (Peters et al., 2003). In the study area,
pasture enclosure for seed production of this species was observed at the end of the wet
Season.

The study results showed that P maximum was very low in grass cover, only 31%
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(Section 4.3.3.2), It was found in 49 parcels, but dominated only in 18 parcels. P
maximum is one of the most productive forage grasses in tropical America with high
nutritional values, but it requires medium to high soil fertility (Peters et al., 2003). It is
known to lack good seed production and rotational grazing is essential for the species,
otherwise it dies rapidly under continuous grazing (Duke, 1983), but the size of paddocks of P.
maximum were rather large compared to those with B. brizantha. Several studies suggested
that grass cover and productivity of P maximum were not maintained without fertilization
(Humphreys, 1987; Jones et al., 1995). Therefore, low pasture cover of F. maximum was
probably caused by 1) lowered soil fertility without fertilization, 2) lack of seed production
and/or sowing, and 3) continuous grazing with longer occupancy period.

In contrast, the study found high grass cover in B. brizantha dominated pastures (Section
4,43). Regression analysis against milk production per hectare showed the positive
coefficient of the proportion of B. brizanntha for the grazing area at the end of dry season
(P<0.05, Section 6.3.4). B. brizantha has been sown more recently occupying 1.6% of the
grazing areas (Section 5.3.1). B. brizanntha may be more useful than P. maximum under the
present conditions of the grazing areas in the study area since B. brizantha requires medium
soil fertility which is lower than P maximum (Peters et al., 2003). In addition, B. brizantha
maintains yield and nutritive values during the dry season and produces high quality seeds so

that it is easier for farmers to propagate.

7.6.3 Pasture productivity and soil fertility

It is generally agreed that lowering pasture productivity is inevitable in extensive
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livestock production systems in the humid tropics in the absence of fertilization or symbiotic
nitrogen fixation by legumes (Humphrey, 1994; Fisher et. al., 1996). Soil nitrogen is the first
constraint for pasture production (Wong 1990; Humphreys, 1994), but it was argued by Serrao
(1978) that pasture productivity fell as a consequence of overgrazing due to the loss of P in the
soil, particularly when the clay content of the soil was high (da Veiga, 1995). Boddey et al.
(2000) reviewed the process of pasture degradation and suggested the importance of applying
25 kg P and 15 kg K/ha/year in order to maintain pasture productivity. In order to maintain
the productivity of Pennisetum purpureum, N, P and K should be applied at 50-75, 20 and 50
kg/halyear respectively (Peters et al., 2003).

However, because of high costs, fertilization is rarely practiced for pasture lands in the
study area (Chapter 4). In addition, in order to make the system with fertilization profitable,
stocking rates need to be sufficiently high (Hemmandez-Garay et al., 2004), but this farming
system is rather extensive with relatively low stocking rates. In fact, B. brizantha and
Pennisetum spp. respond well to fertilization (Peters et al., 2003) and seemed to be cultivated
in small paddocks in the study area (Chapter 3). Considering the economic status of the
farmers and the large size of the grazing areas, fertilization should probably be concentrated in
small areas where more productive species are sown under a regime of well controlled higher
stocking rates.

The study observed pasture degradation by three ways: natural pasture with low tree
density which is more common in smaller farms, low grass cover of P. maximum, and the loss
of grass cover on slopes especially for cultivated pasture. However, most farms continuously
produce cattle products mainly by grazing without the use of fertilizer. Twenty three percent of

the grazing areas are covered by trees and the silvopastoral areas occupy 74% of the grazing
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areas. The study results showed that grass cover under tree cover class 10-30% did not
significantly differ from tree cover class less than 10% (P<0.05), particularly for cultivated
pasture species (Chapter 4). Leguminous trees can derive nitrogen without any cost in a
sustainable way. Accordingly, silvopastoral areas are largely utilized for maintaining soil

fertility under extensive management in the study area.

7.7 Effects of silvopastoral areas on cattle production

7.7.1 Effects of silvopastoral areas for dry season fodder

The regression analysis showed positive effects on milk production of three types of
silvopastoral areas at the end of the dry season [degraded pasture (P<0.01) and tendencies by
natural and cultivated pasture with moderate tree density]. Common tree species found in the
study area, G. ulmifolia, E. cyclocarpum, and P. saman are commonly found in other grazing
areas in Latin America and are preferred by farmers for cattle fodder (Marrison et al, 1996;
Toral et al.,, 2001; Cajas-Giron and Sinclair, 2001). These trees produce fruits in the dry
season which are useful for cattle feeding. They have high in vitro digestibility (70-80%) and
crude protein (7-30%) (Zamora et al., 2001). Fanidino (1998) found that milk production per
cow increased by 0.5 to 1.1 litres and showed higher values of total solids, protein and fat in
milk as a consequence of supplementing with P saman fruits. Studies by Bressani et al.
(1981) observed that feeding calves maiz silages supplemented with concentrates containing
up to 30% of the flour of G. ulmifolia did not affect calf growth. Cattle can also assist seed

distribution in grazing areas. Jansen (1982) observed that seeds of P. saman are eaten by
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horses or cattle within a few days of falling, but intact hard dormant seeds can pass through
the digestive system and are found in dung, thus expanding seed germination and protecting
them from other predators.

Tree leaves may also be important forage in the dry season. The nutritional quality of tree
leaves tends to be better maintained from season to season than that of grasses (Pezo et al.,
1990). Palma et al. {1999) found no seasonal difference in crude protein, crude fibre, and
organic matter digestibility of leguminous trees. Tree leaves from most tree species found in
the study including G.ulmifolia, E. cyclocarpum, P. saman, Gliricidia sepium Psidium guajava,
Tabebuia ochracea Spondias mombin, Vochisia ferruginea etc. are found to be useful for cattle
feeding (Hernandez and Benavides, 1995; Pezo and Ibrahim, 1999).

Farmers can probably record daily milk production by cows easier than calving rates
which need proper recordkeeping over a long period of time, thus they may lack attention of
catving rates. It should be noted that the potential for milk production is established in early
lactation (Stobbs and Thompson, 1975). Therefore, higher calving frequency in the dry
season due to forage conditions not only prolongs the dry period of cows, but also lowers
production over the whole lactation period. In other words, improvement of dry season fodder
will not only shorten the dry period, but will also potentially increase milk production per

lactation including the amount produced in the wet season.

7.7.2 Effects of silvopastoral areas on soil fertility and cattle production

Regression analysis showed that one type of silvopastoral area (natural pasture with

moderate tree density) had positive effects on milk production at the beginning of the wet
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season (P<0 05) (Chapter 6). It may suggest that natural pasture with moderate tree density
had more vigorous pastures as a consequence of better soil conditions supported by tree cover,
and thus did not require pasture recuperation,

Leguminous trees such as E. cyclocarpum, P. saman G. sepium, etc. were commonly
found in the grazing areas. Leguminous trees occupied approximately a quarter of the total
basal area found in the study. Leguminous plants not only stabilize soil nitrogen and organic
carbon content, but also provide higher animal production through increased crude protein
content of herbage and voluntary intake of cattle. They also mitigate seasonal reductions of
forage production due to maintained growth during drier periods (Crowder, 1985; Humphreys,
1987; Crowder and Chheda, 1987). The positive effects of shading by leguminous trees on
pasture growth and nutrient uptake are observed when nitrogen and water are limiting factors
(Cruz, 1997). Alley cropping of G. sepium, and Leucaena leucacophala can derive 100-300
kgN/ha/year from the atmosphere (Sanginga et al,, 1995), Compared with N application by
fertilizer, N fixed by trees is more useful for pasture since nitrogen released from biomass
sources is retained in the topsoil, thus avoiding leaching (Lehmann and Schroth, 2003). In
addition, it should be noted that compared with agroforestry systems with crop production,
using tree Jeaves from nitrogen fixing trees as cattle fodder can avoid nitrogen loss through
leaching, volatilization, and denitrification since tree leaves are directly consumed by cattle.

However, nitrogen fixation is sensitive to nutrient deficiency, especially with phosphorus
(Giller, 2003) Overgrazing may potentially remove phosphorous from the soil (Serrao, 1978).
However, Kass et al. (1999) reported that applying cattle manure increases the readily
available P fraction significantly more than mineral P application, suggesting that cattle under

light stocking rates with leguminous trees may support nitrogen fixation of leguminous trees.
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7.8 Conclusions

Dual-purpose cattle production systems are low in productivity, but economical and risk
aversive, and provide an acceptable option for farmers who have relatively large farms in the
study area. The study results showed that 23% of the grazing areas were covered by trees, thus
silvopasotral areas are largely utilized. Grass cover of silvopastoral areas with moderate tree
cover (accounting for approximately 20%) did not significantly differ from those of areas with
less tree cover under existing pasture conditions (P<0.01). The study concludes that
silvopastoral areas have positive effects on milk production through shade for crossbred cattle,
producing leaves and fiuits in the dry season and improving soil fertility particularly by
nitrogen fixing leguminous trees.

Cattle were frequently moved between local farms, but stocking rates did not differ by
season (P<0.05). In addition, the study found higher occurrences of calvings (P<0.01) in the
dry season due to seasonal nutritional availability. The lack of fodder, together with the
relatively high level of stocking rates at the end of the dry season caused low milk productivity
per cow (P<0.01), and high adult mortality rates. Improvement of dry season fodder not only
increases production in the dry season, but may also shorten calving rates and potentially
increase milk production for the entire lactation period.

Low grass cover of Panicum maximum was observed probably due to lowered soil fertility
after overgrazing without fertilization. In contrast, recently sown B. brizantha made a
significant contribution to milk production at the end of the dry season (P<0.01). However,
in order to maintain productivity of high yielding pastures, silvopastoral techniques in smaller

paddocks under controlled stocking rates are recommended.
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The study results suggested positive effects of degraded pasture (P<0.01) and negative
effects of natural pasture with low tree density (P<0.05) on milk production at the end of the
dry season. Smaller farms had higher stocking rates, higher proportions of natural pasture
with low tree density, but lower net income per family labourer. Such farms may eventually
need to move towards the agricultural frontier in order to have larger farms. Alternative
measures to support this type of farming are important in the context of development in the
study area. On the other hand, production of supplementary forage by cut and carry are
accepted particularly by medium sized farms (15-30 ha of grazing areas), which have small
available lands. Accordingly, these farms can be targeted for political intervention to intensify

production.

Further studies are recommended on the following topics.

- Stocking rates and change of sward composition,

- Feasibility study of pasture improvement by desirable pasture species (B. brizantha), use of
fertilization and application of silvopastoral techniques with leguminous plants under
existing levels of grazing pressure,

- Feasibility study on cut and carry forage for dry season fodder with regard to labour
availability, use of fertilization and application of silvopastoral techniques with leguminous
plants,

- Availability and nutritional values of broadleaf species including legumes in the dry season,

- Cattle movement and the role of local cattle sharing systems,

- Analysis of socio-economic conditions of small farms.
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Appendix 3 1 Selected questionnaire sheet for general farm survey (continued)
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Appendix 3.1 Selected questionnaire sheet for general farm survey (continued)
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Appendix 3.1 Selected questionnaire sheet for general farm survey (continued)
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Appendix 3.1 Selected questionnaire sheet for general farm survey (continued)
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Appendix 3.1 Selected questionnaire sheet for general farm survey (continued)
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Appendix 3 1 Selected questionnaire sheet for general farm survey (continued)
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Appendix 3 1 Selected questionnaire sheet for general farm survey (continued)
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Appendix 3.1 Selected questionnaire sheet for general farm survey (continued)
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Appendix 3 1 Selected questionnaire sheet for general farm survey (continued)
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Appendix 3.1 Selected questionnaire sheet for general farm survey (continued)
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Appendix 3 1 Selected questionnaire sheet for general farm survey (continued)
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Appendix 3 T Selected questionnaire sheet for general farm survey (continued)

AR e T R TR RS

{dsz) SOIAISS SO

[BICAWS) BIGO 3P OUBA]

SOLIEUIIAISA SOIDIAINS

TOIDINPOIG 3P QUOUSUEL],

SS[EUIUE ap apodsuery,

sefoopEge solonser ap vxduio])

_O b+

_ (" "ezB[RUI BAIN EBZBUI[[OU)
soronuswe sojuausdus 5010

SOIOTUSIIE SOPRIUIUC))

i1

S9]504 A B 3P JIGUIRLY

Sa[BalIad

SEUTIOEA. A SOJUAUIBDIDIN

SOOMTESIO SSIBZITHI

sodurnb saluRzImIag

N

SEPIIGISH

IS ag

ES

SO[BISUML A 53[EQ

7 vrduon
010214

¢ Opejsed of ap
[EJ0T, JO[EA

Lt

EpIpall
9p PEpIUf}

oydasun))

eic
[4§*
11¢
183
60¢€
20¢

LOE
0L
Sot
P0t
£0t
0t
10t
00t
667

‘B 9I0TIAI 05 S0JSES S0ISH

SOIOIAISS S0T10

BOTUIS] EDUSISISY

aLodsuEn

Y

odmba op JInby

CLOGY

[EFodw} 21q0 "W

H

SEPRNSa]

SOUqY

TG

RIS

_k—.‘.u\.‘w

SEPIOIGIST]

SIUEZI[THO,]

SE[[UIS

SO[ENL] B
OpPBUTISID %

SO]qEISPEUI B
OpEunsap %

"souels €
OpEUTISAP %

oye/opEIses
[E10L, J0[BA

N

PEPOEED

EpIpel
Sp PEPHIN}

‘SOURIS JBAN[ED B BPEIIPSP [E10] BAIR [B [BNd1 198 209p) BY

]

"S2[EHUY A S3[quIapes
1B uaIaYRI 9§ sosed soisg

‘OYE OWINT {3 2JUBINP BUL 1S U3 SH{EINY & S9[qRIspEwr $2j0q 1y ‘soueid op ugroonpoxd ef uy "p[l OPEISEd Bl OB

uooonpoxd 3p $03180D) 9]

86T
L6t
96T
§6¢
1474
£6L
(414
162
06T
68¢

¥yLro o




Appendix 3.1 Selected questionnaire sheet for general farm survey (continued)

( <reoljioadss) OIQNI O PUPIAGDE BLO B SSIT0IPR(] "0
afau flonpoau] g

ﬁllill,.!% snbiypoadss) sofo ‘€] oised 10 mmqune] 'g
amsﬂ © pUPIYD B B 95J] T sosan0d 5D SSUOISIAID SUUS 00T *L
seidnug 11 SOJBURLY 3§ OIOLENU [9 JUSUNY "9
FJU0 SPUWLIIGUEDG 5
. ) ,“ soipunyd JupioZus A Japuea ved sotwid sywl RIGWLS
b LA om0 sapEplaloR SuOo sujouswy wsed voul) sf op ozepad un Jepuap g A
i sotaxd sofeut g PIIRICD Bl U9 WAl spwr eidwe) 7
GOIOUZIBIIAWCS 1] B 0Ande ap mig] ¢ ONUSPE PEEROLE 85D spwl SBadwed £ 19puap °1
BOIUDG) MUIISIST 9P UHUT Y Hmmm - T m

21

2
g
b

OlIp7Ia 2P T "€
WOUMOIA T ARTRLR 1S 9p uopemts v £ eoury ns Ietofow erod 19oey opuesuad F1s9 ond)?
T1au2uD) 9p prpundoss 't
I0pEISSNOUD 12 eied SAB[D
(743 ’ apiofow aprdun o] anb wrjre) ns A 'pr) wUegus sub sweigoid redouud (2 se jeny?
§
LSRN L A L 65 Fv eoynadsa)eno 9
S L . @Eoﬁmuﬁm ap Lﬂogwho BUN IP SOAER YV S
opeatrd 03TU99] [5P SPABR Y ¥
somsiedo sof wep s UGIBULIONL 5D SPAER Y '§
(T umotjioadsa) ootpousd [op 59AB3 Y °Z
{ *18911195dS9) OIPRIL B] 9P S2ABD Y ]
Jopelsonous 12 vied sARED

mHm! ., Seto{ouso] seasnu £ soroasd sof op esreunonin vred “p[] 90BY CWHD

B3le Jomredwos of usmb uod ‘ou 19
BLIE b A wouy e[ ap uesed ef Joftur ns uos auedo) ‘P
S1g] Pzt o m ¢edmon vy uamb wod ‘ou tg
LIt TR /BIUL] B] 3P BAIDIE SIUQISIIAP SB[ 0[0% BUIOL P[]
ON TS ]
91¢ = £BOUT] B] 2P SS[qEIUCY SONSIFAL BAI[T
ON TIS 1

sle ! Joiey 1ep sonstdar vasl

UQISII9P 3P BUIO] P A S9EIUAI3 s030dsy ['If




Appendix 4.1
List of tree species in grazing areas in Matiguas region, central Nicaragua

Numb Frequency of
erof Stand density parcels found Avg
No. Species Local Name trees' Basal area' DBH/tree

Treestha cmfha em

1 Guazuma ulmifolia Guacimo 718 26 01 96 12378 216
2 Tabebuia rosea Roble 366 1326 &4 1592 106
3 Cordia alllodora Laurel 358 1297 70 2614 137
4 Platymiscium parviflorum Coyote 236 8 55 50 1839 133
5 Enterolobium cyclocarpum  Guanacaste 203 735 64 3560 188
& Albizia saman Genizaro 137 4.96 56 2883 230
7 Ghricidia sepium Madero negro 89 322 19 1988 25.0
8 Psidium guajava Guayaba 61 221 28 345 129
9 Cupania spp Coladepava 48 174 5 272 126
10 Tabebwia ochracea Cortez 43 156 15 333 151
i1 Lencaena shannonii Frijolillo 40 145 15 294 143
12 Cassia grandis Carao 39 141 21 848 249
13 Genipa americona Jagua 37 1.34 14 193 121
14 Spondias membin Jobo 29 1.05 24 1036 296
15 Inga vera Guaba 26 094 12 307 217
16 Cordia bicolor Muneco 24 037 17 358 201
17 Vochisia ferruginea Zopilote 2 080 16 2350 178
18 Lysiloma auritum Quebracho 20 072 8 346 307
19 Flaeis oleifera Corozo 19 0.69 9 1576 534
20 Albizzia longapedata Gavilan 18 063 12 171 14.6
21 Maclura tinctoria Mora 18 065 8 232 173
22 Tamarron 18 0.65 7 82 119
23 Machoguite 17 0.62 1 132 161
24 Bursera simaruba Jinocuabo 16 038 8 205 182
25 Persea coerulea Agusncate 14 051 4 106 156
26 Zuelania guidonia Plomo 14 051 9 33 104




Appendix 4.1
List of tree species in grazing areas in Matiguas region, central Nicaragua (Continued)
Numb Frequency of
erof Stand density parcels found Avg
No. Species Local Name _trees’ Basalarea'  DBH/trec
Trees/ha cm*/ha cm
27 Cecrapia insignis Guarumo 13 0.47 12 195 218
28 Lonchocarpus parviflorus  Chaperno i3 047 7 180 195
29 Muntingia calabura Capulin 12 043 3 151 182
36 Citrus sp Naranja 11 040 4 222 2335
31 Cedrela odorata Cedro 10 0.36 g 1191 1087
32 Capparis sp Limonsito 10 036 6 48 125
33 Gyrocarpus americanus Tambor 10 0.36 4 43 116
34 Erythring sp. Elequeme 9 633 3 47 122
Calycophyllum
35 Madrono 9 033 6 174 224
candidissimum
36 Bombacapsis quinaium Pochote 9 033 6 350 44 3
37 Pterocarpus rohii Sangredrago 8 029 3 61 131
38 Cupania guatemalensis Piyojille 7 025 3 63 227
39 Spondias sp Jocote 5 018 3 38 14.1
40 Crescentia alata Jicaro 5 018 5 35 146
41 Patacon 5 018 6 30 137
Llama de
42 4 014 4 16 07
huevo
Espino de
43 Pithecellobium duice 3 G11 2 77 284
playa
44 Lonchocarpus minimiflorus Chinche 3 011 3 40 20.0
43 Ceiba pentandra Ceiba 3 01l 2 266 327
46 Cuaijichote 3 011 1 a5 331
47 Acacia hindsii Cornizuelo 3 011 3 3 79
48 Ocote 3 o1 2 36 205
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Appendix 4.1
List of tree species in grazing areas in Matiguas region, central Nicaragua (Continued)
Numb Frequency of
er of Stand density parcels found Avg
No. Species Local Name  trees' Basal area’ DBH/tree
Tregs/ha cm*/ha cm
49 Tecoma stans Sardinillo 3 01 3 24 130
50 Arnona purpurea Soncoya 3 011 3 5 69
51 Arnona reticulata Anona 2 0.07 2 44 248
52 Cacuniyo 3 on 2 20 164
53 Curatella americana Chaparro 2 007 1 14 153
54 Dalbergia tucurensis Granadillo 2 0.07 2 4 81
35 Melicoceus bijugatus Mamon 2 0.07 l 257 656
36 Sapium macrocarpum Palodeleche 2 007 2 101 415
57 Senna atomaria Vainillo 2 0.07 2 33 299
58 Manilkara zapota Nispero 2 007 2 10 127
39 Achatocarpus Barazon 1 (04 1 I 48
60 Camajote 1 404 1 9 178
61 Anica venezuelana Canela 1 004 1 25 2053
62 Morella cerifera Cera 1 004 i 2 S0
63 Chocojito i 0.04 1 3 98
64 Ficus sp Chiramate 13 0.04 1 6 143
65 Guanijicui] i 004 1 14 2012
66 Guapotillo ! 004 1 b 166
&7 Leucaena sp Leucaena 1 004 1 & 150
68 Mazelmono 1 oo4 1 60 4538
69 Ocotillo 1 004 1 37 363
70 Combretum farinosum Papamiel i 004 i 2 93
71 Ardisia revoluta Pata de uva i 004 1 20 264
72 Pasoriyo 1 0.04 1 b 131
Sombra de
73 1 (04 1 3 104
cusco
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Appendix 4.1
List of tree species in grazing areas in Matiguas region, central Nicaragua (Continued)

Numb Frequency of

erof Stand density parcels found Avg

No. Species Local Name trees' Basal area' DBH/tree
Trees/ha cm'fha cm
74 Kaniwa 1 0.04 1 42 385
75 Slaanea terniflora Tercipelo i 0.04 1 40 376
76 Fugenia sp. Guacuco 1 0.04 1 131 19.4

Total 2829 1025 ki) {172

Note: Based on the measurements at 153 parcels of 27.6 hectare.
In the order of number of tree found.
'Sum of all parcels.
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Appendix 5.1 Example of satellite images of farm land use (Continued)
(Land use code and area for the image)
Site no Land use code Area (ha)
1  Riparian forest 5.76
2 Annual crop cultivation 0.12
3 Forage bank 0.19
4 Perennial crop cultivation 0.23
5  Natural pasture with moderate tree density 043
6 Natural pasture with moderate tree density 1.61
7 Weedy pasture 0.85
8  Natural pasture with low tree density 0.49
9 Weedy pasture 0.62
10  Annual crop cultivation 2.35
11  Weedy pasture 0.52
12 Riparian forest 2.08
13 Natural pasture with moderate tree density 235
14  Natural pasture with no tree 0.36
15  Natural pasture with moderate tree density 0.99
16 Weedy pasture 3.42
17  Weedy pasture 0.19
18  Cultivated pasture with low tree density 0.28
19 Natural pasture with low tree density 395
20 Weedy pasture 0.86
21  Natural pasture with moderate tree density 1.94
22 Annual crop cultivation 1.59
23 Riparian forest 4.54
24 Weedy pasture 4.15
25  Natural pasture with moderate tree density 1.84
26  Natural pasture with low tree density 4.27
27  Others 092
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Appendix 5.2 Questionnaires Sheet for Herd Survey
Fecha / /
Nombre del Productor

Tiene otra Finca fuera de 1a finca del proyecto Silvopastorilea?
Si Tamano Mz No
El hato de la finca del proyecto esta rotacionando con otra finca? Tamano

Mz
Como funciona la finca del proyecto? Vaca parida Vaca Seca Ofro
La otra finca Vaca parida Vaca Seca Otro
Area de la Finca del proyecto Silvopastoriles
Area total de la finca Mz
Cultivo anuales (Grano basico) Mz
Cultivo Perennes (Frutales, Chaguite) Mz
Pasturas Mz
Tacotales/Charrales Mz
Bosques (Secundario, primario) Mz
Estructura del hato
Numero total | Cuidas Alimentacion suplementaria
en la finca
Tipo de ganado Tipo | Cantidad por animal | Periodo
Vaca parida
Vaca horra
Vaquilla
reemplazo
Novillo de
desarrollo
Noville de
engorde
Sementales
Bueyes
Terneros

Sal comun(SC), Sales minerals(SM), Pasto de corte, Cana de azucar (CN), Gallinaza

(GN), Concentrado (CCD), Melaza (MZ), Rastrojo cosechas (RC)




Produccion de 1a finca

Leche por finca Litro/dia

Leche por vaca lityo/vaca

Cambio de la estructura del hato de la finca

Venta de adultos en los ultimos tres meses?

Venta de terneros en los ultimos tres meses?

No nacimientos en los ultimos tres meses?

Animales adultos muertos en los ultimos tres meses?
Animales terneros muertos en los ultimos tres meses?
Animales comprados en los ultimos tres meses?
Macho adulto

Hembra adultos

Ternero/Ternera

Animals echados de otras fincas en los ultimos tres meses?

Animales quitado a otras fincas en los ultimos tres meses?

Cambio de la estructura del hato de la uliimo un ano

Mes Cambio de hato (numero y tipo de Ganado)

Razon

Echar Quitar

Noviembre/2002

Deciembre/2002

Enero/2003

Febrero/2003

Marzo/2003

Abril/2003

Mayo/2003

Junio/2003

Julio/2003

Agosto/2003

Septiembre/2003

Octubre/2003




Appendix 6.1

Distance between land use parameters by Pearson correlation coefficients

Promedio (Average finkage)
Distancia. (Carrefacion de Pearsen (1-abs(5}))

BB

MrcP

FAL

MCOow

LTCP

NTCP

MTNP

LTNP

DGPS

PCC

S8R

0.00 024 047 0.7 085



Appendix 6.2

Correlations between selected predictors

Correlations between dependent variables are shown in Table below. The correlations

between SR*' and PCl was significant (P<0.01), but low association, indicating low

degree of collinearity.

Table

Correlations between dependent variables

SR®T  MCoOwST

MCOW®?  -0.007
(0.955)
pCt! 0.320%* -0.022
(0.005) (0.851)
PC2! 0.140  -0.048
(0.234) (0.685)
PC4! 0096 0074
(0.417) (0533)

Note: Cell Contents: Pearson correlation (P-Value) *P<0.05, ** P<0.01.

SR (annual mean stocking rate), MCOW(annual mean proportion of milking cow for
entire herd size),

PCs (Principal components based on land use parameters).

'Correlations between PCs are zero.

5! Standardized variables by subtracting the means and dividing by standard deviations,
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