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ABSTRACT

The purpose of this study was to evaluate the effect of algarroba (Prosopis juliflora (S.W.) DC.) on fodder, nitro-
gen and energy contents in Ecuadoran dairy farm grasslands. The study was made at ESPAM bovine facility, 15 me-
ters above sea level, in Manabi, 00°49°23", south latitude, and 80°11°01” west longitude, with 962.4 mm of annual
precipitation, between September 2011 and December 2014. The stocking rate was 1.09 LU/ha. The areas were pop-
ulated with 1-4 algarroba trees/ha by 2011, and 8-35 trees/ha, in 2014. Fodder, nitrogen, and energy balances de-
pended on the arborization degree. As a result, 52 t of DM were estimated in 2014, in comparison to the 21 t pro-
duced in 2011. Nitrogen was higher with increased arborization between 2011 (60.9 kg/ha), greater nutrient intake
from external sources, and 2014 (39.3 kg/ha), with less use of supplements and mineral fertilizers, and greater N2
contribution by arborization. The energy values were higher in 2014, with an increase in algarroba population/ha.
The rise in trees/ha in 2014 favored forage yields, with improved N and energy efficiency, which was linked to the
benefits acquired by the grassland, the contribution of nitrogen to the ecosystem, and the reduction in feed and ferti-
lizer consumption, which led to energy savings.
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INTRODUCTION with higher protein contents, whose contribution
to organic matter, nitrogen, and other nutrients to

Livestock raising in lower tropical regions re- the soil favor increased contents of graminaceae
quires special attention tp grasslands,_not only due protein in the animal diet (CIAT, 2012; Milera,
to the vast land extensions worldwide, but also 2013).
because rational and scientific use of arborization CIAT (2012) and Altieri and Funes Monzote
may help solve deterioration and I|m|tqd_ I’e§I|I- (2012) suggested possible preservation measures,
ence caused by droughts and desertification. like multiple crops (agroforestry), for the benefits
Hence, their potential to sequester and store car- of grasslands from increased arborization. They
bon while supporting forest grazing, and contrib- evaluated the possible productions of cows/day,
uting with vital resources to man could be raised between 8 and 14 kg, with protein banks of tree-
(Morales and Sarmiento, 2008; Reyes, 2010; UIF, like legumes, such as Leucaena cv Perd and cv
2012; Altieri and Funes-Monzote, 2012). _ Australia, along with graminaceae Panicum,

The poor nutritional level of prairie gramina- Cynodon, Chloris and Pennisetum, covering 20
ceae, and the little persistence and yields of native and 50% of the area with legumes (Milera, 2013;
legumes is a major issue to be addressed, accord- Ruiz et al., 2014). In that sense, the aim of this
ing to Ruiz et al. (2014), which can be overcome paper was to evaluate the role of arborization with
with adapted species of improved legume genus- algarroba (Prosopis juliflora (SW) DC.) in fod-
es, like Acacia, Bauhinia, Cratylia, Calliandra, der, nitrogen, and energy balances of grasslands

Gliricidia, Leucaena and Prosopis, and others
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with dairy cows in the low tropical regions, in
Ecuador.

MATERIALS AND METHODS

The balance studies were made at a teaching,
research and vocational bovine facility (UDIV),
Manuel Felix Lopez Higher Polytechnic School
of Agriculture of Manabi (ESPAM MFL) situated
15 m above sea level, EI Limon, Calceta parish,
Bolivar canton, province of Manabi, on
00°49°23”” south latitude, 80°11°01” west longi-
tude. The local weather data was,

Annual mean precipitation 962.4 mm
Annual mean temperature 25°C

Annual relative humidity 87 %

Annual sun radiation 1 325.4 (h/sun)
Annual evaporation 1739.5mm

The study began in September 2011 and ended
in December 2014. Dry matter, energy and nitro-
gen balances were carried out.

Procedure

This dairy farm has 102 bovines (Holstein x Ze-
bu, Brown Swiss x Zebu, and Gyroland). Milking
is done by hand once a day, the total land area is
24 ha distributed as follows,

e 8hawith portable and fixed electric
fences, with pasture.

Pastures: Panicum maximum Jacqg.
(Saboya) and Cynodon nlenfuensis
Vanderyst (African Bermudagrass).

e 5 ha with cutting grass.

Pastures: Pennisetum purpureum (Na-
pier grass); Saccharum officinarum
(sugar cane) and Pennisetum pur-
pureum (purple elephant grass).

e 6 ha for grazing with barb wires.
Pastures: Brachiaria brizantha (Hochst
ex A. Rich.) Stapf in Prain; Brachiaria
decumbens Stapf in Prain and Brizantha
and Panicum maximum Jacq (guine-

agrass).
e 4 ha without pastures.
Pastures:  Erythrina crista-galli L.

(cockspur coral tree); forage from arbo-
rescent and tree-like resources (Gliri-
cidia Guazuma).

e 1 ha with sugar cane.
Pastures: Saccharum officinarum (sug-
ar cane).

The global stocking rate was 1.09 LU/ha. The
daily animal consumption of feedstuffs was based
on 16% CP (0.46 kg starting from the third kg
milk/cow), of milled stalks of whole maize plants
(66-75 % kernel formation), and about 22.5
kg/cow/day of heavy fresh fodder.

Water was supplied ad libitum. Arborization
was 1-4 trees of algarroba/ha (Prosopis juliflora)
in 2011, then it increased to 8-35 trees/ha in 2014
due to natural regeneration and transplantation.
The predominant grass species were Panicum
maximum (Guinea grass) and Cynodon nlemfuen-
sis (Star grass); and others, like Texan grass (Pas-
palum notatum Flugge). The predominant native
creeping legumes were species of genuses
Centrosema, Desmodium, Macroptilium and
Teramnus. Dry matter, nitrogen, and energy bal-
ances were determined as follows,

Fodder balance

It depended on the arborization degree and the
years of evaluation of the dairy farm, using the
above described handling procedure, as yields and
availability in the cutting and grazing areas, re-
spectively. The method suggested by Guevara
(1999), with changes in some indicator coeffi-
cients was applied, which enabled calculation of
the forage produced, and balance by the differ-
ence between the forage produced and the forage
required for the entire herd (LU) on the farm (tons
of DM).

Nitrogen balance

The method described by Kirchmann, Torsell
and Roslon (1988) was applied by means of ni-
trogen input and output variables, and intermedi-
ate variables (circulation), modified for tropical
areas (Guevara, 1999).

Input variables

o Nitrogen as fertilizer (kg/ha/year)

e Nitrogen from rainfall, according to the
data form the Animal Science Institute,
approximately 1 kg of N2/52.5 mm of
precipitation (Cuesta, 1995).

e The nitrogen supplied by native leg-
umes that reached 30% of the popula-
tion was estimated in 60 kg of
N./ha/year (CIAT, 1990).

Intermediate or system circulation variables

¢ Nitrogen from local grassland legumes
determined by bromatological analysis,
or literature review (CIAT, 1990).
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o Nitrogen excreted in feces-urine (con-
sidered as 1.54% of N in feces, and
1.10 % in urine), at a rate of 25 kg of
fresh feces (3.3 kg in DM), and 9.0 L of
urine/cow/day (Arteaga, Mojena and
Espinoza, 1985).

¢ Nitrogen in the grass, according to DM
percent and yields.

e Nitrogen in the animal (2.4% live
weight).

o Nitrogen consumed and transformed in-
to milk N2 (40% of consumption,
Kirchmann, Torssell and Roslon, 1988).

e Nitrogen that is not consumed by the
animal, and recirculates in the grass (of-
ten 75% of N consumption, CIAT,
1990).

Output variables of the system.

e OQutput nitrogen from milk produced,
according to CIAT (2012) (3.42-3.58 %
of milk CP).

e Nitrogen in the animal removed from
the system (2.4 % of live weight is N).

e Nitrogen lost in the excreta (feces-
urine), close to 75% (CIAT, 1990).

e Nitrogen which is excreted in the milk-
ing parlors and milking sleeves and
does not return to the grass.

e Rain nitrogen that is lost (approximate-
ly 60% is volatilized).

Energy balance

The data of animal production, reproduction,
forage production, and resources were collected
from the farm records. Social information was
collected by interviewing farm workers. Table 1
shows the indicators used to evaluate energy use
on the farm.

Energy input

The total energy value incorporated was calcu-
lated, distinguishing between direct and indirect
energy inputs. Direct energy was consumed in
production, including fuel, lubricants, electricity,
and human labor. Indirect energy included the en-
ergy involved in fertilizer, herbicide, pesticide,
feedstuff production, and machinery manufactur-
ing. Energy input was calculated by multiplication
of each input/year/ha, according to their corre-
sponding energy contents.

Energy output
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Energy output was calculated considering the
annual milk production/ha in the system, and it
was multiplied by its energy content. Energy in-
put and output were expressed in MJ/ha.

Staff and management of the teaching, research,
and vocational unit of Manuel Félix Lopez Higher
Polytechnic School of Agriculture in Manabi
were interviewed to support the data provided by
productive and reproductive records. No particu-
lar statistical technique was used for year compar-
isons, because the values were unique and esti-
mated as mentioned above; mathematical
differences were observed between years.

RESULTS AND DISCUSSION

Fodder balance

Table 2 shows a comparison of fodder balances
between 2011 and 2014, with positive values in
the latter, due to greater association between leg-
umes and graminaceae. It marked a difference
from the 268 t of total forage produced in 2014, in
comparison to the 212 t produced in 2011, accord-
ing to Vera and Riera (2003), when they put trees
in grasslands in the north of Ecuador.

Other reports of these effects (Pérez Infante,
2010) were made after evaluating an increase in
forage supply in grazing tests using Leucaena,
Kudzu, Gliricidia and Siratro, which were better
than single graminaceae in more than 2 kg of
milk/cow/day. It proved the necessity of a system
that supplies limitless amounts of forage, reducing
feedstuff consumption (Guevara, 1999; Altieri
and Funes-Monzote, 2012).

The previous has been confirmed in CIAT trials
(2012) under the R+D+r, known as Tropileche,
for livestock raising systems in Colombia, Nica-
ragua, Costa Rica, and Peru, in double-purpose
cattle (mid dairy potential). Real systems were
tested with grass, plus Arachis pintoi Krapov and
W.C.Greg., Kudzu with Cratylia argentea (Desv.)
Kuntze and Saccharum officinarum L. with some
local supplements, which demonstrated that leg-
ume systems had higher fodder and nutritional
balances. Although these included more agro-
technical costs of operations for establishment,
they are more sustainable and profitable when
productions are over 1 700 milk kg/ha/year.

The fodder balance output was proportional to
increased arborization, and coincided with similar
systems in Cuba, Costa Rica, and Colombia,
which have reported advantages in graminaceae-
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legume associations, and supplementation with
forages (Sanchez, 2007; Lamela, 2010).

Nitrogen balance

Table 3 shows the nitrogen balance made, with
system inputs (86.01 kg of Na/halyear), and out-
puts (below 32.47 kg of Na/ha/year). The high N2
values observed in the intermediate element pool,
between inputs and outputs accounted for
N2/halyear.

Regarding the input variables, N, contribution
from fertilizers was higher, followed by native
legumes (21.68 kg of N/halyear). These results
coincided with Hristov, Hazen and Ellsworth
(2006), who noted that the contribution of N
through legumes may be the second in im-
portance. Later, a comparison of output variables
showed that milk accounted for more than the
16.69 kg of Ny/ha/year that exited the system, in
comparison to other variables.

Hernandez and Sanchez (2006) on evaluation of
the behavior of several chemical and biological
indicators of several cattle farms in the west of
Cuba, found that the introduction of trees in grass-
lands contributed increased density and biomass
of soil microorganisms. Accordingly, the contents
of nutrients in the soil-grassland and soil were
higher in forest-grazing systems, with higher con-
tents of organic matter and N2 in comparison to
graminaceae alone, coinciding with the results of
Duefias et al. (2006).

Grass species differ mainly in dry leaf quantity
and quality (Bardgett and Walker, 2004). Thus
C/N and lignin/nitrogen relations in graminaceae
are higher than in legumes, making decomposi-
tion slower. In this particular case, greater arbori-
zation with P. juliflora allowed the dry leaves of
plants with high C/N to make a stable covering
that contributed to improved organic matter con-
tents and N2, enhanced soil structure, and protec-
tion from the rain and solar radiation. This high
C/N ratio also promoted development of the root
system, gall formation, and symbiotic fixation of
nitrogen (Yadava and Tobouda, 2008).

Studies of grassland ecosystems in Cuba indi-
cated that the rate of dry leaf decomposition had
marked variations among grass species, and it was
faster in shrub legumes than in graminaceae (Cre-
spo, 2013; Crespo, 2015). According to Sanchez
(2008), dry leaf decomposition dynamics was
more intense in the forest-grazing systems than in

graminaceae systems alone; N, intake was also
higher.

The results observed with higher arborization
indexes may be associated to the favorable micro-
climate created in a system with more trees,
which favored the action of decomposing organ-
isms. The introduction of arboreal legumes in
grasslands with graminaceae is essential to in-
crease dry leaf production with a different nature,
providing an intermediate C/N ratio. It also fa-
vored moisture contents in the soil, and ensured a
slower mineralization of nitrogen. It led to a
greater synchrony among easily available nutrient
assimilation processes and the content of humus
in the soil. According to Ruiz et al. (2003) and
Alonso (2004), trees have increased soil fertility
in Cuban livestock raising areas by means of pro-
duction and decomposition of dry leaves and
trimming residues.

Other sensitive contributions to nitrogen ferti-
lizers and feedstuffs were reduced in 2014 in
comparison to 2011 and 2012; it was linked to
grazing in associated areas, thanks to increased
quality of the diet, with more crude and digestible
protein. This was also observed after improve-
ments in the quality of forages, which contributed
to a reduction in consumption of other comple-
mentary feeds (Orskov, 2005; INIAP, 2012; Mil-
era, 2013; Roca, 2014).

The amount of organic fertilizers applied in the
last two years was small, but still higher than the
values of 2011 and 2012, and contributed to an
improved balance in the system as well (Pefia,
Guevara, Guevara and Vidal, 2006). The N out-
puts of the system rose in the 2013-2014 period as
an effect of increased milk production; they were
inferior to biological N2, which also included rain
N2. They differed less from the 2014 inputs, near
80 kg (79.6 kg/halyear), and outputs (40 kg of
N2/halyear), with a balance of 39.3 kg, (50 % effi-
ciency of the system in both years); natural N>
was prevalent. It coincided with reports of Febru-
ary and Higgins (2010) in dry savannah ecosys-
tems in South Africa, where space distribution
and tree density were fundamental to achieve
higher N, contents in the soil (CIAT, 2012;
Séanchez, 2007).

Energy balance

Table 4 shows the energy balance made on the
farm between 2012 and 2014, where various as-
pects that produced a positive balance were ob-
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served to have been caused by proper environ-
mental management. These results coincided with
Denoia, Bonel, Montico and Di Leo (2008) and
Ferndndez (2010), who stated that the integration
of livestock raising and crop farming made a fa-
vorable integration compared to other entities that
only engaged in animal production.

Fernandez (2010) noted that the contribution to
energy input produced by human labor was a
small portion of the total income, and fell short
from Asian levels. It was higher than the Cuban
and other tropical systems in Latin America,
though (Funes-Monzote, 2009; Botero and de la
Ossa, 2010; Funes-Monzote, 2013).

These results confirmed the expected efficiency
reports for livestock raising systems with arbori-
zation, by Ruiz et al. (2014) and Altieri and
Funes-Monzote (2012), in which energy use was
more efficient by reducing the application of ferti-
lizers, agrotoxic substances, and machinery in
legume-associated grasslands, and for the recov-
ery of the ecosystem through arborization.

CONCLUSIONS

Increased algarroba density by 2014 improved
forage yields and efficiency of N> and energy.
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Table 1 Energy coefficients of inputs and products

Concept Farm MJ/U
Diesel L 43.30
Gasoline L 3.40
Lubricants L 3.60
Human labor force h 1.00
Electricity KWh 14.40
Urea Kg 58.00
Herbicides Kg 238.00
Organic fertilizer Kg 0.30
Feedstuff Kg 16.33
Milk Kg 0.059
Pastures Kg 10.86

Source: Funes-Monzote (2009)

Table 2. Fodder balances in 2012 and 2014 with arborization of 1-4 trees/ha, and 8-18 trees/ha, re-

spectively
2012 (1-4 trees/ha)
Indexes Pastures-legumes Permanent  Temporary Total
forage forage
Area/species/animals 22.5 2.1 3.2 29.8
Number of LU - - - 42.0
Forage yield (t/ha) 8.3 14.6 15.6
Used forage % 41 77 91
Forage produced according to usage % 212
Forage need (t) 191
Fodder balance (t) +21
(forage prod.-forage needed)
2014 (8-35 trees/ha)
Indexes Pastures-legumes Permanent  Temporary Total
forage forage
Area/species/animals 23.3 1.6 4.9 29.8
Number of LU - - - 46
Forage yield (t/ha) 12.6 16.4 20.3
Used forage % 48 86 93
Forage produced according to usage % 129.9 47.2 90.1 268
Forage need (t) 216
Fodder balance (t) +52

(forage prod.-forage needed)




Table 3. N2 balance (kg/ha/year) overtime, according to the arborization degree (1-
4 trees/ha in 2011, to 8-35 trees/ha in 2014)

Input variables of N 2011 2012 2013 2014
Fertilizers (Urea) 49.1 7.9 26.2 10.2
Organic fertilizers - - 9.1 5.2
N in the rain 15.2 27.1 18.3 14.1
Legumes 14.6 10.3 21.7 29.6
Feedstuffs 25.1 23.6 14.2 10.5
Total inputs 104.0 68.9 89.5 69.6
Output variables of N

Motion N, 10.6 7.9 12.1 75
Nz in the milk 11.2 12.3 16.7 18.2
Nzin animals 5.6 10.9 3.1 18
Nexcreted in urine 2.9 35 2.6 2.7
Nexcreted in houses 0.5 3.2 0.2 0.5
N2 carried away by rain 141 20.3 11.0 9.6
Total outputs 44.9 58.1 45.7 40.3
N2balance (inputs and outputs) 59.1 10.8 43.8 29.3

Table 4.Energy balances between 2012 and 2014 on the farm

Energy parameters 2012 balance 2013 balance 2014 balance
Assimilation of direct energy(I1Ed) 11 229.92 7013.20 7061.28
Electricity 1596.00 1 080.00 1209.34
Feedstuffs 1279.33 751.51 708.22
Fuel 6812.41 4 330.00 4017.00
Human labor force 1542.18 851.69 1126.72
Assimilation of indirect energy (IEi) 21 546.16 16 276.10 12 305.76
Mineral fertilizers 21 419.00 16 240.00 12 102.45
Organic fertilizer 2.10 184.05
Herbicides 127.16 34.00 19.26
Assimilation of energy(IE=IEd+IEi) 32 776.08 23 289.30 19 367.04
Energy egression(EE) 111261 1356.48 4130.38
Indicators

Energy balance (IE-EE) 31 663.47 21932.82 15 236.66




