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Abstract In tropical areas of Mexico, Leucaena
leucocephala is widely used in silvopastoral systems.
However, little information exists on other native woody
species of high forage potential, such as Guazuma
ulmifolia. The aim of this study was to evaluate the
components of biomass, forage yield and quality, and
availability of N in fodder banks of L. leucocephala,
G. ulmifolia, and a mixture of both species during dry and
rainy seasons, under sub-humid tropical conditions. The
experimental unit was a5 x 10 m plot, containing three
rows with 2 m between rows; each row had 20 plant
positions with 0.50 m between plants. Within each plant
position there was either a single plant, in the case of pure-
crop, or two plants, in the case of mixed of both species.
A complete randomized block design with three repeti-
tions was used. In both seasons, there were a significantly
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greater proportion of leaves in the G. ulmifolia fodder
banks (71 %) and in mixed fodder banks (69 %) than in
L. leucocephala fodder banks (64 %). Consequently,
these systems had leaf-to-stem ratios of 2.4, 2.2 and 1.9,
respectively. The forage yield of fodder banks was not
influenced by season. The mixed fodder bank had greater
forage yield (5.1 t DM ha™') than the L. leucocephala
fodder bank (3.4 t DM ha™ ") in each season. Addition-
ally, the mixed fodder bank accumulated more forage
yield during the experimental period (10.2 t DM ha™" -
year_l) than G. ulmifolia (9.0 t DM ha™! year_l) or
L. leucocephala (6.9 t DM ha™' year™'). The concen-
trations of CP, C and C:N were not influenced by season.
Forage NDF and ADF concentrations were greater in the
rainy season (476 g kg~' DM) compared with the dry
season (325 g kg~' DM). Mixed fodder banks had the
greatest N yield (185.9 kg ha™") and consequently the
greatest availability of N (371.8 kg N ha™' year™'). We
conclude that mixed fodder banks of L. leucocephala and
G. ulmifolia are a better option for improving productivity
and forage quality in comparison with pure fodder banks
in Yucatan, Mexico.

Keywords Fodder bank - Woody species -
Pruning - Forage yield - Forage quality
Introduction

In the humid and sub-humid tropics the increase of
extensive farming has led to a rapid loss of natural
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resources. Some of the associated problems include
deforestation, overgrazing of grasslands, un-con-
trolled fires, productivity and biodiversity loss, water
pollution, and vulnerability to climate change (Thorn-
ton et al. 2007; Murgueitio et al. 2011). Therefore, it is
important to use strategies to solve these problems and
mitigate natural resource degradation. Tree and shrub
species not only contribute to reforestation and
restoration of degraded areas (Verchot et al. 2007)
but also provide an opportunity to overcome the
problem of low availability and quality of forage
during the dry season, and to improve animal perfor-
mance (Olivares-Pérez et al. 2013). Often the nutri-
tional value of leaves and fruits of these species is
greater than from forage grasses (Pifieiro-Vazquez
et al. 2013).

The Yucatan Peninsula has a great diversity of tree
and shrub species which can be used for multiple
purposes. For example, Guazuma ulmifolia Lam.
(Sterculiaceae) and Leucaena leucocephala (Lam)
de Wit. (Fabaceae) have been incorporated into
agricultural systems as living fences, shade, firewood
and forage (Casanova-Lugo et al. 2010; Murgueitio
et al. 2011; Ortega-Vargas et al. 2013). Studies have
described the incorporation of L. leucocephala in
silvopastoral systems (Kiwia et al. 2009; Murgueitio
et al. 2011), but little information exists on the use of
other potentially useful woody species in the tropics of

Fig. 1 Study site located in 90° W

southern Mexico. Species grown together in mixed
stands can promote benefits such as regulation of
damaging organisms, improvement of nutrient recy-
cling, increase of biomass production, improvement of
organic matter supply, soil erosion protection, and
increased product quality such as improved forage
production and quality (Altieri and Nicholls 2003).

Therefore, the objective of this study was to
evaluate the biomass conformation and forage yield
and quality of L. leucocephala and G. ulmifolia, in
pure and mixed fodder banks, during the dry and rainy
season in a sub-humid tropical zone.

Materials and methods
Site characteristics

The experiment was carried out at the Campus of
Biological and Agricultural Sciences of the University
of Yucatan (UADY) in Yucatan state, Mexico from
January to December 2009 (21°51’ N and 89°41’ W,
Fig. 1).

The area where the experiment was located is
climatically classified as Aw, (i.e. warm and sub-
humid; according to Garcia 1988), with an average
annual rainfall of 953 mm. The annual mean temper-
ature is 26.5 °C, with annual maximum and minimum
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Fig. 2 Minimum and maximum air temperatures, and rainfall
at the study site. Vertical arrows (]) indicate time of biomass
harvesting (Data taken from the microclimatic station at the
Campus of Biological and Agricultural Sciences. University of
Yucatan, Mexico in 2009)

ranges from 36 to 40 and from 14 to 16 °C, respectively
(Garcia 1988). Climatic data during the experimental
period (Fig. 2) was recorded daily with a Hobo® data
logger. Mean, maximum, and minimum annual tem-
peratures and total rainfall during this period were 24.2,
37.2,17.0 °C and 721 mm, respectively. The area was
located within a karst plateau, which is characterized by
a flat or gently rolling relief. Soils are shallow,
heterogeneous, rocky (limestone) and clay-loam, with
a pH of 7.5-7.8 (Bautista et al. 2011).

Management of experimental plots

The fodder banks systems formed by woody species
native from Yucatan were established during the rainy
season of 2004. Plots of pure L. leucocephala or G.
ulmifolia, and plots of a mixture of both species (L.
leucocephala and G. ulmifolia) were arranged in a
randomized complete block design with three replicates;
each experimental unit was 5 x 10 m (Fig. 3). Plots
were established using seedlings of 30-cm height, with
2.0 m between rows and 0.5 m between plants. Each
planting position had either one seedling, in the pure
fodder bank treatments, or two seedlings, in the mixed
fodder bank treatments (one of each tree species) (Fig. 3).

In October 2008, 3 months before data collection, a
cleaning cut was undertaken in all the plots, at 1-m
height, to avoid residual effects of previous manage-
ment and to reduce the heterogeneity between trees.
Three months later, five plants of each species were
randomly selected, from the central rows of each plot
in the three replicates, to assess forage yield and
quality. This included fifteen plants from each pure

fodder bank (monoculture) and 30 plants (15 of each
species) from the mixed forage bank.

Above ground biomass was harvested every
3 months; two times in the dry season (January and
April 2009) and two times in the rainy season (July and
October 2009), at a cutting height of 1.0 m, following
the methodology described by Pezo and Ibrahim
(1998). During the dry season, drip irrigation was
applied in the morning for 3 h (approximately 1 1 h™'
plant™"), two times per week.

Biomass components and forage yield

After harvesting, the biomass from each fodder bank
was weighed fresh. Harvested material from each bank
was pooled and three sub-samples (of approximately
500 g each) were randomly taken. These sub-samples
were divided into leaves, edible (<0.5 cm diameter)
and woody stems (>0.5 cm diameter), which were
dried at 60 °C in an fan-forced oven to constant
weight. Only leaves and edible stems were considered
for calculating forage yield.

Seasonal forage yield was obtained by adding the
yield from both harvests. Leaf and stem proportions
per season were estimated from an average of the two
harvests within a season.

Chemical analysis

Forage sub-samples (leaves and edible stems) were
ground using an electric Thomas-Wiley mill to a particle
size of 1 mm and analyzed for neutral detergent fiber
(NDF) and acid detergent fiber (ADF) using an ANKOM
(Macedon, NY) A200 fiber analyzer. Fractions of carbon
(C) and nitrogen (N) were estimated using a Leco CN
2000 elemental analyzer (Leco Instruments, Inc.,
St. Joseph, MI) and C-to-N ratio was calculated. N yield
(t N ha™") was calculated for each harvest period by
multiplying the N fraction by the forage yield.

Statistical analysis

Forage and N yield data were analyzed with a repeated
measures ANOVA model using PROC MIXED (SAS
2004) to examine the effect of the season, the fodder bank
type, and their interactions. For biomass components
(data were transformed to square root) and chemical
composition, a multivariate analysis of variance (MA-
NOVA) was applied, using PROC GLM (SAS 2004).
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Fig. 3 Diagram of the experimental plots

Where significant differences were found, means were
compared using Tukey’s statistic (P < 0.05).

Results

Biomass composition

Leaf proportion was greater in the G. ulmifolia (71 %)
and mixed fodder banks (69 %) than L. leucocephala

@ Springer

fodder banks (66 %, P < 0.001) (Table 1). The pro-
portions of edible stems (12—-14 %) and woody stems
(17-20 %) were similar (P > 0.05) among fodder
banks. G. ulmifolia and mixed fodder banks had a
greater (P < 0.001) leaf-to-stem ratio (2.4 and 2.2,
respectively) than L. leucocephala fodder bank (1.9).
Biomass components also were influenced by season.
Leaf proportion and leaf-stem ratio were greater
(P < 0.01) in the rainy season (70 % and 2.3, respec-
tively) than in the dry season (67 % and 2.0,
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Table 1 Biomass components and leaf-stem ration of L. leu-
cocephala and G. ulmifolia in mixed and pure fodder banks
during two seasons, under tropical conditions of Yucatan

Table 2 Forage yield of L. leucocephala and G. ulmifolia in
mixed and pure fodder banks during two seasons, under trop-
ical conditions of Yucatan

Treatment Leaf  Edible Woody  Leaf-to- Treatment Forage yield
(%) stems (%) stem (%) stem ratio (t DM ha™! season ')

Fodder bank w% ns ns H Fodder bank system (FB) *

system (FB) G. ulmifolia 4.5 ab

G. ulmtfolla 70.8a 11.8 17.4 24 a L. leucocephala 34b

L. leucocephala 65.6b 14.4 20.0 19b Mixed systems 51a

Mixed 68.8a 139 17.4 22a SE 0.41

SE 0.48 0.71 0.81 0.06 Season (S) ns
Season (S) * wE ns * Rainy 47

Rainy 69.8a 11.1b 19.1 23a Dry 4.0

Dry 669b 156a 17.5 20b SE 0.33

SE 0.58 0.57 0.66 0.05 Interaction (FB x S) ns
Interaction ns ns ns ns - — —

(FB x S) Means followed by different letters are significantly different

Means within rows followed by different letters are
significantly different (Tukey’s statistic)

ns Non-significant
* P <0.05; ** P <0.01

respectively). In contrast, the proportion of edible
stems was greater (P < 0.001) in the dry season
(16 %) than the rainy season (11 %). The proportion
of woody stems (18 %) was similar among seasons.
Overall, fodder banks had an average edible fraction
(leaves and edible stems) of 82 %.

Forage yield

Mixed fodder banks had greater (P < 0.05) forage yield
(5.1 t DM ha™") than L. leucocephala (3.4 t DM ha™").
G. ulmifolia fodder banks had a similar forage yield
4.5t DM hafl) to the other fodder banks (Table 2).
There was no effect of season on forage yield (Table 2,
P > 0.05). Average forage yield per season was 4.3
t DM ha~'. Throughout the year, mixed fodder banks
system accumulated more forage (10.2 t DM ha™" year™")
than G. ulmifolia (9.0 t DM ha™" year™") or L. leucocep-
hala (6.9 t DM ha™! year_l) in monocultures (Fig. 4).

Forage quality

Leucaena fodder banks had greater (P < 0.01) concen-
trations of CP (228 g kg~' DM)and C (445 g kg~' DM)
than mixed (179.5, 432.4 g kg~' DM) and G. ulmifolia
fodder banks (145,425.3 g kg~' DM). On the other hand,

(Tukey’s statistic)

ns Non-significant

* P <0.05
14
12 1
a
T
< 10 A b
§ T
Cc
> s I
‘©
<
=
a 6
E=3
S 41
]
Y
o
e,
0 T T T
Leucaena Guazuma Mixed
Fodder bank

Fig. 4 Annual forage yield of L. leucocephala and G. ulmifolia
in pure and mixed fodder banks under tropical conditions of
Yucatan. Error bars represent the standard error of the mean.
Means labelled by different letters are significantly different
(Tukey’s statistic, P < 0.05)

G. ulmifolia fodder banks had a greater C:N ratio (18.4)
than mixed (15.1) and L. leucocephala (12.2) fodder
banks (P < 0.001). The concentrations of NDF and ADF
in the forage were similar in all fodder banks (P > 0.05,
Table 3).

The mean concentrations of CP, C, and C:N ratio
were 184,434 ¢ kg_1 DM, and 15.2, respectively, and
were not influenced by season (P > 0.05). However,
forage NDF and ADF concentrations were greater
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Table 3 Chemical composition of forage from L. leucocephala and G. ulmifolia in mixed and pure fodder banks during two seasons,

under tropical conditions of Yucatan

Treatment CP (g kg™' DM) NDF (g kg™' DM) ADF (g kg™' DM) C (g kg~' DM) C:N
Fodder bank system (FB) H ns ns * HE
G. ulmifolia 145 ¢ 456 292 425 b 18.4 a
L. leucocephala 228 a 452 283 445 a 122 ¢
Mixed system 180 b 447 280 432 b 15.1b
SE 3.8 7.0 7.2 3.1 0.21
Season (S) ns Hk ik ns ns
Rainy 185 476 a 325 a 438 15.4
Dry 183 428 b 244 b 430 15.0
SE 3.1 5.7 5.9 2.6 0.17
Interaction (FB x S) ns ns ns ns ns

Means followed by different letters are significantly different (Tukey’s statistic)

ns Non-significant, CP Crude protein, NDF neutral detergent fiber, ADF acid detergent fiber, C carbon, C:N ratio carbon: nitrogen

ratio
* P <0.05; ** P <0.01

(P <0.01) in the rainy season, 476 and
325 g kg~ ' DM, respectively) than in the dry season,
427 and 244 g kg~ DM, respectively. There was no
interaction between fodder bank types and season
(P > 0.05, Table 3).

Nitrogen yield

There was no significant (P > 0.05) effect of season or
the interaction between fodder banks and season on N
yield (Table 4). N yield averaged across seasons was
129.8 kg N ha~! season™!. However, there was a
significant (P < 0.001) effect of type of fodder
bank on N yield. Mixed fodder banks had greater N
yield (185.9 kg N ha™' season™ ') than L. leucocep-
hala (99.2 kg N ha™! season™) or G. ulmifolia
(104.3 kg N ha™' season™") fodder banks.

In addition, mixed fodder banks accumulated the
greatest annual N yield (371.8 kg N ha™' year™ ),
followed by L. leucocephala (250.3 kg Nha™' year ')
and G. ulmifolia (208.5kg N ha™' year™') fodder
banks (P < 0.05; Fig. 5).

Discussion
Biomass composition

The lower proportion of leaves and leaf to stem ratio in
the dry season, compared to the rainy season, could be

@ Springer

Table 4 Nitrogen yield of L. leucocephala and G. ulmifolia in
mixed and pure fodder banks during two seasons, under trop-
ical conditions of Yucatan

Treatment N yield
(kg N ha™! season_l)
Fodder bank system (FB) *
G. ulmifolia 1043 b
L. leucocephala 99.2 b
Mixed system 1859 a
SE 11.88
Season (S) ns
Rainy 140.3
Dry 119.3
SE 9.7
Interaction (FB x S) ns

Means followed by different letters are significantly different
(Tukey’s statistic)

ns Non-significant
* P <0.05

associated with the relationship between plant growth
and climatic conditions. In particular, temperature and
photoperiod likely played an important role in plant
growth and development. Temperature recorded early
in the dry season (February to March) was lower than
during the raining season (Fig. 2). Also, during this
period the photoperiod is shorter than in the rainy
season (the longest night occurs on the 21st of
December, while the longest day is on the 21st of
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Fig. 5 Nyield from L. leucocephala and G. ulmifolia pure and
mixed fodder banks under tropical conditions of Yucatan. Error
bars represent the standard error of the mean. Means labelled by
different letters are significantly different (Tukey’s statistic,
P < 0.05)

June). These two factors (low temperature and short
photoperiod) could have promoted flowering. Conse-
quently, as a result of this stimulus, transportation of
carbohydrates favored stem elongation and flower
formation at the expense of leaf formation. It is known
that during the dry season, both of the studied trees
species flower and produce seed in the region (Latt
et al. 2000; Ortega-Vargas et al. 2013).

Among all fodder banks, the biomass consisted of
68 % leaf and a smaller proportion of edible (13 %)
and woody stems (18 %), and the mean leaf-to-stem
ratio was 2.2. Consequently, the edible fraction was
approximately 80 % of the harvested biomass
(Table 1). These results are similar to those reported
by Petit-Aldana (2011) who found that when cut at
3-month intervals, L. leucocepahala, G. ulmifolia, and
a mixture of both species had an average of 61 %
leaves, 19 % edible stems, 20 % woody stems, and
leaf-to-stem ratio of 1.7. Additionally, they found that
the edible fraction varied from 74 to 88 % depending
on the season. The results are also consistent with
those reported by Casanova-Lugo et al. (2010), who
reported that 6 year-old L. leucocephala and G.
ulmifolia fodder banks, pruned at three-month inter-
vals, produced similar leaf proportions to the current
study.

G. ulmifolia and mixed fodder banks had the
greatest proportion of leaves and, consequently, the
greatest leaf-to-stems ratio (Table 1). This is likely
related to intrinsic characteristics of these species and
their resilience to severe pruning.

Forage yield

Mixtures of forage tree species can provide important
benefits to the productivity of the system. Mixed tree
crops may have advantages compared with monocul-
ture systems, mainly in terms of increased biomass
production per unit area (Rosales-Méndez and Gill
1997). Additionally, they are fast-growing and better
able to tolerate long dry periods than grasses. There-
fore, the inclusion of trees should extend forage
production further into the dry season. In a study by
Reyes-Garcia (2009) in pure and mixed fodder banks,
at densities of 10,000 and 20,000 plants ha™', mixed
banks had a forage yield of 5.8 t DM ha™' yr ',
harvested at four-month intervals, whereas pure forage
crops of G. ulmifolia and L. leucocephala yielded
almost 40 % less (3.8 and 3.5 t ha~' yr™', respec-
tively). Further studies, on similar soil conditions and
cutting at three-month intervals, showed that the
mixed fodder bank produced the greatest amount of
forage (7.0 t ha~' yr™') (Petit-Aldana 2011).

In the present study, greater forage yield was
obtained from mixed fodder banks than from pure
crops, especially L. leucocephala fodder bank, which
yielded almost 50 % lower than the mixed fodder
bank. However, mixed fodder bank yield was only
13 % higher than the G. ulmifolia fodder bank
(Fig. 4). This result is consistent with the report of
Petit-Aldana (2011), who found that the edible
biomass of mixed fodder banks increased by 50 %
compared with pure plots of L. leucocephala, and
30 % compared with pure crop of G. ulmifolia. These
yields increments could be partly due to plant density,
since there were twice as many plants in the mixed
fodder bank than in the pure crop banks. Increasing
plant density results in more yield up to a point, after
which yield could decline due to plant competition for
growing resources (e.g. water, nutrients). Another
factor likely to be involved in the higher yield in the
mixed fodder bank compared to pure crop banks is a
beneficial relationship between L. leucaena and G.
ulmifolia, as suggested by Pretzsch and Schiitze
(2009) for other tree species. This advantage of the
crop mixture over the pure crops could be a conse-
quence of different root structures, especially depth of
rooting. Also, an important factor for the co-existence
of two species in the same niche is that the species
must use resources differently, which suggests that
mixture fodder banks may utilize resources more
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completely than the single species, leading to a greater
overall productivity. Nevertheless, this account only
for part of the results, since the soils of the area have
limited resources, and some level of competition in the
mixed crops could be expected, inducing a yield
reduction of each associated individual plant, despite
the a superior total yield. Another mechanism which
could explain this advantage of the mixture crop is
“facilitation”, which involves the improvement of N
availability, either by litter decomposition and/or N
biological fixation (Freitas et al. 2010). Although in
the current work N-fixation was not measured, L.
leucocephala is known for its ability to fix large
amounts on N (Danso et al. 1992), especially under
low fertile and calcareous soils such as those found in
the experimental site. Also, L. leucocephala foliage
may have recycled N to the system since it is rapidly
degraded in the soil. The results shows that L.
leucocephala and G. ulmifolia are compatible species,
whose association increases overall biomass yield. We
hypothesize that this advantage was due to the
different rooting pattern and depth (as has been shown
by Tamayo-Chim et al. 2012), and the N-fixing ability
of the legume.

There was no influence of season on forage yield of
fodder bank type (pure and mixed), suggesting that
these species have some tolerance to periods of
drought and periodic pruning, as indicated by
Tamayo-Chim et al. (2012) and Casanova-Lugo
et al. (2010), and that the supplementary irrigation
was enough to encourage plant growth. However,
Petit-Aldana (2011) found that in the dry season
fodder tree species subject to periodic pruning reduce
their production by 6 to 30 %, compared with the rainy
season, due to depletion of carbohydrate reserves and
thus delayed recovery.

Forage quality

The different tree fodder banks showed differences in
dry matter and CP concentrations, which could be
caused by genotype, environmental factors, and man-
agement, such as pruning (Casanova-Lugo et al. 2010;
Petit-Aldana 2011; Ortega-Vargas et al. 2013).

In Matanzas, Cuba, Gonzalez-Garcia et al. (2009)
found that the CP concentration of the edible frac-
tion of L. leucocephala ranged from 190 to
234 ¢ kg_1 DM. For G. ulmifolia, in Chiapas, Mexico,
Jiménez-Ferrer et al. (2008) reported CP values

@ Springer

ranging from 136 to 149 g kg~' DM. Ayala-Burgos
et al. (2006) found that the CP concentrations ranged
from 63 to 310 g kg~' DM for L. leucocephala and 26
to 198 gkg™' DM for G. ulmifolia. In Yucatan,
Mexico, Reyes-Garcia (2009) reported that the CP
concentrations of L. leucocephala fodder banks were
183 and 188 g kg~ ' DM for cutting intervals of 4 and
6 months, respectively. In the same study, CP concen-
trations were 111 and 106 g kg~' DM for G. ulmifolia
fodder banks, and 155 and 149 g kg~' DM for mixed
fodder banks for cutting intervals of 4 and 6 months,
respectively. Under similar soil and climatic condi-
tions, Petit-Aldana (2011) found CP concentrations of
195 g kg~ ' DM for L. Leucocephala, 124 g kg~' DM
for G. ulmifolia,and 163 g kg~' DM for the mixture of
both species, with a harvest interval of 3 months. These
results demonstrate the variability in CP concentration,
but also the greater CP concentration in L. leucocep-
hala than G. ulmifolia.

In this study (Table 3), pure fodder banks of L.
leucocephala had a 57 % higher CP concentration
than the pure fodder bank of G. ulmifolia and a 27 %
higher CP concentration than the mixed system. L.
leucocephala had the greatest concentration of CP due
its ability to fix atmospheric N, which is a great
advantage for forage production in the tropics (Danso
et al. 1992). However, both forage tree species (either
in pure or mixed crops) provide greater protein
concentrations than typical for tropical pastures (e.g.
7 % CP, Jackson and Ash 1998). In addition, these tree
species maintain CP concentrations content above
12 % even in the dry season, a level recommended to
select good quality forage (Olivares-Pérez et al. 2013;
Ortega-Vargas et al. 2013).

NDF is a measure of fiber concentration in forage,
and includes cellulose, hemicellulose and lignin, and
is negatively correlated with dry matter intake (Pifie-
iro-Vazquez et al. 2013). ADF is a similar measure,
but does not include hemicellulose and it is empiri-
cally correlated with digestibility. NDF and ADF can
vary with species, age of tissue, management, and
climatic variations (Grewal and Abrol 1986; Larbi
et al. 2005; Ortega-Vargas et al. 2013).

Petit-Aldana (2011) reported that average NDF and
ADF concentrations in L. leucocephala, and G.
ulmifolia and the mixture of both species were similar
(470 and 330 g kg~' DM). However, in the rainy
season they reported greater values than in the dry
season for NDF (464 and 417 g kg~' DM), and for
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ADF (360 and 290 g kg~' DM). In agreement with
these authors, in the current study, NDF and ADF
concentrations were similar among the fodder banks
(average 450 and 285 g kg™' DM), and there were
significant differences between seasons (Table 3).

NDF and ADF values in this study (Table 3) are
lower than those of typical tropical grasses (Rosales-
Méndez and Gil 1997), highlighting their superior
quality for feeding. Grasses have a greater concentra-
tion of structural material and a lower N concentration
in comparison to the foliage of trees, which gives trees
an advantage in terms of digestibility, forage intake,
and the effect on animal production (Jackson and Ash
1998; Olivares-Pérez et al. 2013; Ortega-Vargas et al.
2013).

C concentration is an indicator of photosynthetic
production as well as the ability of plants to store it in
their tissues (Hamburg 2000). Brown et al. (2007)
stated that approximately 50 % of the dry weight of
any plant species consists of C. However, Kirby and
Potvin (2007) argued that this content varies between
species and between different plant parts and it is
generally greater in woody tissues, mainly due to the
greater lignin concentration (Larbi et al. 2005). In the
current study, the concentration of C in the edible
biomass of L. leucocephala pure fodder bank system
was greater (445 g kg~' DM) than G. ulmifolia pure
fodder bank (425 g kg~ DM) and the mixture fodder
banks (432 g kg_1 DM) (Table 3). These values are
within the range of other studies; for example, Petit-
Aldana (2011) reported that C concentration in the
edible fraction of L. leucocephala, G. ulmifolia
and M. oleifera fodder banks was on average
427 g kg~' DM, and that L. leucocephala had the
highest concentration of C among these species
(438 g kg~! DM). Similarly, Alvarado et al. (2007)
reported that C concentrations of Gliricidia sepium
and Erythrina sp. foliage were 440 and 433 g kg™’
DM, respectively, when they were pruned to 80-cm
height.

Numerous studies report that the C: N ratio and
concentrations of lignin and polyphenols in the plant
are factors in the decomposition process (Mafongoya
et al. 1998; Valenzuela-Solano and Crohn 2006). Plant
material with low lignin and high N content generally
decays faster than material with more lignin and less
N. Species with high C:N (>25) will require more time
for degradation. In contrast, species with low C:N will
require less time to be degraded. For example, L.

leucocephala has a low C:N ratio due to its ability to
fix N from the atmosphere (Petit-Aldana 2011). In
addition, C:N ratio influences rumen digestibility, and
therefore, the level of methane production (Hindrich-
sen et al. 2005).

In general, the C:N values reported in this study are
adequate, which confirms their potential use in animal
nutrition. The tree species studied have high nutri-
tional properties that can improve animal diets. They
can also be used to achieve ecological and economic
targets, by reducing external inputs and improving
nutrient cycling in the animal production system
(Petit-Aldana 2011). However, this depends not only
on the characteristics of the species, but also on site
resource availability, such as light, water, soil nutri-
ents, and management of the agro-ecosystem (Casa-
nova-Lugo et al. 2010).

Nitrogen yield

Nitrogen is often the most limiting element in tropical
animal production systems (Graham and Vance 2003).
The use of tropical trees and shrubs could contribute
significantly to the sustainability of these systems by
making them less dependent on external inputs
(Verchot et al. 2007; Olivares-Pérez et al. 2013). This
study found that although L. leucocephala had greater
total N yield than G. ulmifolia, the mixed forage banks
had the greatest total N yield (371 kg ha_l) (Fig. 5).
The yield of N depends mainly on the selected species
and management practices (i.e. irrigation, fertilization,
pruning, etc.) that have a role in the production and
quality of forage (Grewal and Abrol 1986; Larbi et al.
2005). Leguminous trees that fix N have an advantage
over other species in accumulating N, and subse-
quently also in biomass production (Danso et al. 1992;
Freitas et al. 2010).

Conclusions

Mixed fodder banks have the potential to be developed
in the growing conditions of Yucatan, and likely in
other tropical regions, mainly due to their high forage
yields and ability to provide high N yield to the whole
system. Overall, leaf proportion and CP, important
attributes that determine forage quality, were better in
the mixture bank than in pure fodder banks. Further
studies are needed to assess the economics of
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establishment because the greater density of plants in
the mixed fodder banks implies increased cost.
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