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ABSTRACT

The objective was to assess the production and efficiency of the initial growth of pigeon pea or guandul
(Cajanus cajan) var. Negro and EGV22 with and without nitrogen fertilizing. The plants were planted in
plastic bags during summer 2012. Two nitrogen fertilization treatments were applied at 90 d of germination
(+N and -N). The variables were: number of nodules (NN), length of root (LR), weight of nodules (WN),
height of plant (HP), total dry matter (TDM), leaf area index (LAI), specific leaf area (SLA), and rate of
assimilation (RA), relative rate of growth (RRG) and rate of crop growth (RCG). A full-randomized
experimental design was used with a factorial arrangement 2 x 2 and regression analysis. Differences
were observed (P < 0.05) among varieties for NN, HP, so and RCG, where the highest average HP was
obtained by EGV22 variety. For the nitrogen factor, its application decreased (P < 0.05) NN, WN, and HP.
It is concluded that Negro variety can be used in the production systems since it has great TDM and the
best establishment for the environmental conditions of Ecuador tropic.

Keywords: nitrogen fertilization, legumes, growth rates.
RESUMEN

El objetivo fue evaluar la produccién y eficiencia del crecimiento inicial de dos variedades de Gandul
(Cajanus cajan var. Negro y EGV22) con y sin fertilizacion nitrogenada. Las plantas fueron sembradas en
bolsas de plastico durante el verano del 2012. Se aplicé a los 90 d de germinacién dos tratamientos de
fertilizacion nitrogenada (+N y -N). Las variables fueron: ndmero de nédulos (NN), largo de raiz (LR),
peso de nodulos (PN), altura de planta (AP), materia seca total (MST), indice de area foliar (IAF), area
foliar especifica (AFE), tasa de asimilacion neta (TAN), tasa relativa de crecimiento (TRC) y tasa de
crecimiento del cultivo (TCC). Se utilizé un disefio experimental completo al azar con arreglo factorial 2x2
y andlisis de regresion. Se observé diferencia (P < 0.05) entre variedades para NN, AP, TAN y TCC,
donde el mayor promedio de AP lo obtuvo la variedad EGV22. Para el factor nitrégeno, su aplicacion
provoco disminucién (P < 0.05) en NN, PN y AP. Se concluye que la variedad Negro, puede ser utilizada
en los sistemas de produccién pecuarios, ya que tiene una buena produccién de materia seca y un mejor
establecimiento, adaptandose mejor a las condiciones ambientales del trépico de Ecuador.

Palabras clave: fertilizacion nitrogenada, leguminosas, tasas de crecimiento.
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INTRODUCTION

Worldwide, the constant growth of the human population has increased the demand for
food. In Ecuador, according to data from the Il National Agricultural Census (SINAGAP,
2012), 11.0% of the land planted corresponds to perennial crops, 27.2% to cultivated
pastures and 9.1% to natural pastures; the same ones that can be used for the
production of animal protein (De la Fuente et al., 2008).

However, the opening of land for human settlements deprives the soil of protection,
loses its fertility and, since it is not used for agricultural or livestock purposes, it prevents
the development of new agricultural production systems (Petit et al., 2009).

In addition to the above, in Ecuador as in most of the tropical regions, the production
and availability of quality fodder is limited during the dry season: so the planting of
legumes can help the recovery and conservation of the soil (Olivera et al., 2005;
Nieuwenhuyse et al., 2008; Ruiz et al., 2015) to fix atmospheric nitrogen, being tolerant
to drought and have the capacity to produce forage with a high value of proteins and
minerals that when consumed by animals increases their productivity.

Initial growth is important because it is the most vulnerable stage of a plant, indicates its
capacity to accumulate biomass, compete for resources, and its ability to adapt to a
specific site (Villar et al., 2008).

The pigeon pea (Cajanus cajan), also known as palo bean, pigeon pea, among others,
is a shrub legume, tolerant to drought and soils with low nutrient content. In addition, to
serve for human food; the forage can be used for animal feed, because it has high levels
of protein (16 to 22%) and a digestibility of dry matter of approximately 59% (Peters et
al., 2003; Carvajal-Tapia et al., 2016), being able to be supplied in green material in
grazing or as dry fodder in the corral (Trompiz et al., 2001).

Therefore, the objective of the present study was to evaluate the initial growth of two
varieties of gandul (Negro and EGV22) with and without nitrogen fertilization on some
productive and agronomic characteristics in the tropics of Ecuador.

MATERIAL AND METHODS

The research was carried out at the Experimental Farm "El Oasis", of the Equinoctial
Technological University, Campus Santo Domingo, Ecuador; during the summer of
2012. The experimental site is located at 00° 13 '37 "LS and 790 15' 04" LO; t-he
prevailing climate is humid tropical with an annual average temperature of 23.5 °C and
annual precipitation of 2700 mm distributed mainly in the summer months (Miranda,
2010).

Evaluated material

The sowing of Gandul varieties (Negro and EGV22), was carried out in black plastic
bags with a capacity of approximately 4 kg, two seeds were placed per bag to later leave
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a plant as an experimental unit. The soil used was of volcanic origin (Andisol-USDA) that
was collected at a depth of 0 to 20 cm (Table 1).

Table 1. Chemical characteristics of the soil used in the experiment.

pH oM NHs P S Fe Cu Zn Mn B K Ca Mg
% mg kg*? cmol kg
5.9 2.2 41.0 65 6.3 42.0 5.6 1.9 2.8 0.3 03 83 29

OM = Organic material, NH4 = Ammonium nitrate, P = phosphorus, S = sulfur, Fe = iron, Cu=copper, Zn =
zinc, Mn = magnesium, B = boron, K = potassium, Ca = calcium, Mg = manganese. Laboratory of
Chemistry, Equinoctial Technological University from Santo Domingo Campus

Description of treatments

Two types of fertilization with nitrogen (+N) were considered, which in the early stages of
the growth of legumes requires nitrogen fertilization, because the symbiosis between
legumes and rhizobium has not been developed. While the other treatment was without
nitrogen (-N), soil fertilization was performed at the time of preparing the planting. For
the -N treatment, 54.0 kg ha' of phosphorus (P, Super simple phosphate, FERTISA,
Guayaquil, Ecuador) and 194.0, 86.0 and 44.0 kg ha' of potassium (K, potassium
chloride), sulfur were incorporated into the soil. (S) and magnesium (Mg) (K-mag,
FERTISA, Guayaquil, Ecuador).

While for the treatment +N, 137.0 kg ha' of N (Urea, FERTISA, Guayaquil, Ecuador),
81.0 kg ha! of P (Diammonium Phosphate, FERTISA, Guayaquil, Ecuador), 137.0, 53.0
and 44.0 kg ha! were applied of K, S and Mg (K-mag), respectively, according to the
recommendations of the manual of nutrition and pasture fertilization (Bernal and
Espinosa, 2003).

In addition, during the period of plant growth, fertilizations were carried out at the foot of
the plants, fifteen days after germination and then every 30 days; for -N they were
applied 1.0 g of K-mag fertilizer, which corresponded to doses of 297.0, 243.0 and 297.0
kg ha? of K, S and Mg, respectively. While for the +N treatment, 1.0 g of ammonium
sulfate was added, which corresponded to a dose of 284.0 kg ha* of N.

Study variables

In the present work we measured: the length of the root (LR), from the neck to the cap;
number of nodules (NN), healthy (pink color) and vain (gray); the nodules were extracted
in water to avoid damage; nodule weight (WN); plant height (HP), from the base of the
stem to the apex; number of branches (NR); number of leaves (NL); length of branches
(Lr) and total dry matter weight (TDMW). The samples were dried in an oven at 65 °C
until constant weight was obtained; leaf area (LA); using the methodology suggested by
Rincon et al. (2012).

The physiological efficiency of the plant (EFP) was determined through growth as a
function of time (weeks). To make this type of analysis, two basic measurements were
used, the dry matter production of the aerial fraction of the plant material and the foliar
area (Carranza et al., 2009). The parameters used to estimate the physiological
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efficiency of the plant were: leaf area index (LAI), specific leaf area (SLA) and rate of the
crop growth (RCG); determined by the formulas established by Hunt (1990); rate of net
assimilation (RNA) and rate of relative growth (RRG) determined by the formulas
described by Tayeb (2012).

Regression analysis and experimental design

To estimate the growth curves or trend lines over time of each of the two nitrogenous
fertilization treatments, a regression analysis was used with 12 destructive samplings
(one sampling per week after germination) and five repetitions within each sampling
(SAS, 2012).

For the analysis of continuous variables, a randomized complete block design with
factorial arrangement (2 x 2) was used and a comparison test of means was carried out
with the Tukey test at 5% (SAS, 2012).

RESULTS

In the present work, no differences were observed (P> 0.05) in number of nodules (NN),
root length (LR), weight of nodules (WN), stem diameter (DT), plant height (HP), number
of branches (NR) and number of leaves (NL) in the two varieties of Guandul or pigeon
pea; except (P <0.05) for length of branches (Lr, Table 2).
Similar situation was observed for nitrogen treatment; the plants that did not receive
fertilization (-N) showed a greater number of nodules (82.0) than the plants that received
nitrogen (+ N), where 60.8 nodules were counted (P <0.05, Table 2). Another variable
that showed significant effects (P <0.05) of the fertilization was the length of branches
(Table 2).
The pigeon pea (Cajanus cajan) showed a major root growth in the treatment without
fertilization in the Negro variety (66.4 cm); while the LR in the treatment with nitrogen (+
N) growth was similar (P> 0.05), in both varieties (Negro and EGV22) with 60.2 and 61.0
cm, respectively. Similarly, for WN and NN it was observed that the nodules present in
the Negro variety with -N, were in greater number (86) and heavier (4 g); but equal (P>
0.05) to that found for the variety EGV22 with + N and -N, which were in a range of 57 to
77 nodules with a weight of 2 to 3 g, respectively.

Table 2. Means * standard deviation of number of nodules (NN), root length (LR), weight of
nodules (WN), stem diameter (DT), plant height (HA), number of branches (NR), length of branches

(Lr) and number of leaves (NL) in two varieties of pigeon pea and two levels of fertilization in Santo
Domingo, Ecuador.

Variety NN LR (cm) WN(g) DT HP (cm) NR Lr (cm) NL
(mm)

Negro 75.6+41.7 63.3+28.4 3.0+2.5 6.1+2.3 85.2+49.0 0.7¥1.6 4.849.28 18.0+11.6
EGV22 67.1+#34.0 60.9+22.6 2.7+1.8 6.1+2.1 91.7449.7 1.1+1.8 9.0#13.7° 21.6+15.3

Nitrogen
-N 82.0+38.32 64.1+27.0 3.7+2.1 6.1+2.1 93.9+51.4 0.8x1.4 5.449.72 18.9+11.1
+N 60.8+35.2° 60.1+24.1 2.0+1.8 6.0+2.4 83.0+46.9 1.1+2.0 8.3+13.6° 20.6+15.9

-N = without nitrogen; + N = with nitrogen; * Averages with a, b are different statistically significant (P
<0.05)
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In Table 3 it can be seen that no significant differences were found for the variety
interaction by fertilization for NN (P = 0.90), LR (P = 0.40), WN (P = 0.18) and stem
diameter (P = 0.37). The growth trend for LR was quadratic with a lower development for
the variety EGV22 with -N from week five of growth after germination. The NN and WN
with +N had a linear trend of growth, therefore the amount of NN and its weight was
gradually increasing throughout the study weeks. While for the plants with -N the NN
and WN showed a quadratic growth, with a stabilization of the number and weight of
nodules from the eighth week; this reveals that under the conditions in which the
experiment was conducted, the WN had a relationship directly proportional to the NN,
since as its quantity was reduced, its weight also did (Figure 1). On average, NN and
WN showed a decrease (P <0.05) when applying nitrogen. It is important to mention that
the trend observed for LR after the eighth week of growth may have been due to space
restriction, which prevented further development and growth of the root system.
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Figure 1. Length of root (LR), number of nodules (NN) and weight of nodules (WN) for two varieties
of pigeon pea (Cajanus cajan; Negro and EGV22) with (+N) and without (-N) nitrogenated
fertilization in Santo Domingo, Ecuador.
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Table 3. Means + standard deviation for the following variables, number of nodules, length of root,
weight of nodules and diameter of stem according to the interaction of pigeon pea varieties and
fertilization level in Santo Domingo, Ecuador

Variety Nitrogen  Number of nodules  Length of root Weight of Diameter of
(cm) nodules (g) stem (cm)
Negro
-N 86.2+40.5 66.5+31.2 3.9+2.5 6.3+2.4
+N 65.0+40.4 60.2+25.2 2.0£2.0 5.942.3
EGV 22
-N 77.7£35.8 61.8+22.1 3.4+1.7 6.0£1.7
+N 56.5+28.6 60.0+23.2 2.1+1.6 6.2+2.4

-N = without nitrogen; +N = with nitrogen.
Effect of nitrogen in the aerial part of the pigeon pea

Statistical significance was found (P <0.05) for HP between the varieties and effect of
fertilization, surpassing the variety EGV22 in 7.3 cm p to the Negro variety; and for the
effect of fertilization the -N treatment, allowed to obtain taller plants with an approximate
average of 10.0 cm p* in comparison with the treatment + N; conversely, for the
interaction of treatments, no statistical significance was found (P> 0.05).

Regarding the TDM, statistical significance was observed (P <0.05) in the variety
interaction by fertilization, where the Negro -N variety with 6181.6 kg ha! showed to
have greater production of biomass; although statistically similar to the variety EGV22
with + N (6129.0 kg ha) and -N (5502.2 kg ha'l), being able to overcome with 1223.0
kg ha?! the variety Negro +N (Table 4). The same behavior and result of TDM was
obtained in LAI, since both the variety EGV22 with +N and Negro with -N, showed the
highest LAl with 6.29 and 5.76, respectively. In Figure 2, the initial growth of the aerial
part of the legumes is observed, which showed a positive growth behavior over time
(weeks).

Table 4. Mean + standard deviation of leaf weight in dry matter, weight of stem in dry matter and

weight of root in dry matter in two varieties of pigeon pea and in two levels of fertilization in Santo

Domingo, Ecuador.
Weight of leaves in Weight of stem in Weight of root in

dry matter (g) dry matter (g)) dry matter ()
Variedad
Negro 5.41+5.16 0.74+1.60 4.07+4.50
EGV22 5.60+4.93 1.14+1.80 4.33+4.72
Nitrogen
-N 5.57+4.69 6.10+6.41 4.52+5.05
+N 5.44+5.39 5.54+6.62 3.88+4.10

-N = without nitrogen; +N = with nitrogen.

In HP throughout the experiment the variety EGV22 was positioned above the Negro
variety; while the TDM of the legume varieties was affected by the incorporation or
restriction of N, from the sixth week. One of the moments in which the fertilization
treatment was applied, it was observed that in the +N treatment, the EGV22 variety had
a greater increase in TDM; conversely, the Negro variety proved to have more biomass
with the -N treatment, a similar tendency observed in TDM was presented in the LAI,
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where the variety EGV22 required N to express a greater leaf area, since in the absence
of N as shown in figure 2, from the sixth week the LAI began to decline; while in the
Negro variety the application or restriction of N did not infer in the manifestation of leaf
area (P> 0.05).
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Figure 2. Height of plant (HP), total dry matter (TDM) and leaf area index (LAI), for two varieties of
pigeon pea (Cajanus cajan, Negro and EGV22) with (+N) and without (-N) nitrogenated fertilization
in Santo Domingo, Ecuador.
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Effect of Nitrogen for the physiological efficiency of the pigeon pea

In SLA, no statistical significance was found (P> 0.05) for varieties, fertilization
treatments and their interaction; that is, they developed the same leaf diameter and
area; which were not affected by the application or restriction of N, although their trend
over time was negative. In the treatment with +N the Negro variety after the first two
weeks of the study until the seventh week, presented a greater decrease of the SLA, to
later claim and surpass the EGV22 variety; while in the -N treatment, the two varieties
presented a similar trend.

In the case of RNA, only statistical significance (P <0.05) between varieties was
observed; being the Negro variety (0.00043 g cm? d), which showed the highest
photosynthetic efficiency since the beginning of the biological cycle, independently of the
application or N restriction (Figure 3).

While for the RRG no statistical significance was found (P> 0.05) in any of the sources
of variation, the Negro variety without -N and with + N had RRG of 0.058 and 0.052 g g*
dl, respectively.

Similarly, in RCG the Negro variety obtained in the -N treatment the highest growth
(0.0036 g gt d1), statistically different (P <0.05) to the variety EGV22 -N (0.0020 g g* d-
1). The highest RNA and RRG was observed in the first week of the crop cycle, and later
declined gradually during the rest of the investigation; this corroborates the inversely
proportional relationship that they have with RCG, as a result of the possible shading
present in the leaf blades between them (Figure 3).

In all the efficiency variables, the Negro variety exceeded (P <0.05) the variety EGV22,
especially in the -N treatment, where approximately from the sixth week the variety
EGV22 decreased NRA, RRG and RCG, observing a differential behavior between the
varieties (Figure 3). In the variety EGV22 the application of nitrogen fertilizer improved
(P <0.05) the variables of biomass production and crop efficiency, allowing an adequate
growth and development of the plants.

DISCUSSION

The plants, being in restrictive conditions of nitrogen can modify the LR to find nutrients
and have a greater survival (Villar et al., 2008). In relation to the increase of NN and
WN, the results of the present study are similar to that reported by Mayz (2007), who,
when evaluating doses of N and P in pigeon pea, mentioned that a low nitrogen content
of less than 20 kg ha is beneficial for nodulation. According to George and Singlenton
(1992) they mentioned that, at the beginning of the growth of the legumes, the
nodulation tends to slow down and in the absence of N the biomass of the root
increases; in this regard, Diaz et al. (2011) noted that it is important to know the
optimum point of fertilization in legumes.
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Figure 3. Specific leaf area (SLA), net accumulation rate (RNA), relative growth rate (RRG) and crop
growth rate (RCG), for two varieties of pigeon pea (Cajanus cajan; Negro and EGV22) with (+N) and
without (-N) nitrogenous fertilization in Santo Domingo, Ecuador.
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Effect of nitrogen in the aerial part of the pigeon pea

Martinez et al. (2003) who evaluated 25 lines of Cajanus cajan, found that the varieties
most recommended for the production of forage are those of high size. In addition, Mayz
(2007) observed that legumes treated with nitrogen tend to have higher biomass in initial
stages, since according to Pliego et al. (2003) the application of N can cover the needs
of the plants, increasing their total biomass. The results obtained in this work are
contrary to those of Pliego et al. (2003), since the EGV22 variety presented higher
plants, without obtaining higher TDM.

However, the application of N in the EVG22 variety was essential to improve the IAF, but
the development will depend on each species (Gomez-Carabali et al., 2011). For
Higuera et al. (2001) the differences in the morphological components of the plants are
due to the duration of physiological stages of the legumes.

Effect of Nitrogen for the physiological efficiency of the pigeon pea

For the SLA, the trend was negative over the weeks, which could be due to the fact that
with the passage of time the thickness of the leaf increases (Villar et al., 2008).
According to Grazia et al. (2001) fertilization with nitrogen affects the development of
foliar structure (leaf area, leaf area duration and leaf expansion rate), but does not
modify the leaf area per unit of mass.

A negative trend was observed in the weeks of study for NRA and RRG these same
results were mentioned by Hoyos et al. (2009), which could be due to the greater
accumulation of dry matter, in relation to the production of photoassimilates during the
growth of the crop. While the increase in RCG was the result of constant cell division in
meristematic tissues and plant architecture (Hernandez et al., 1995).

In the variety interaction by fertilization for RCG, according to Villar et al. (2008)
commented that RCG is influenced by the environmental conditions and genetic
components of each species. Hoyos et al. (2009) mentioned that RCG can be altered
with the application of nitrogenous fertilizer.

CONCLUSION

The application of nitrogen in Cajanus cajan negatively influenced the number and
weight of the nodules. For forage purposes, the Negro variety -N is a viable option to be
used in livestock production systems; since it has the capacity to develop greater leaf
biomass during the initial growth, under conditions of restriction of nitrogen fertilizer,
demonstrating its adaptation to the conditions of the humid tropic of Ecuador.

42



ABANICO VETERINARIO ISSN 2448-6132 Publisher Sergio Martinez Gonzalez sisupe.org/revistasabanico

ACKNOWLEDGEMENT

The authors wish to express their gratitude to the Equinoctial Technological University
(UTE according its acronym in Spanish), Santo Domingo campus, in particular to the
Hair Ovine Nursing Program directed by Dr. Eugenia Guadalupe Cienfuegos Rivas.

BIBLIOGRAPHY

BERNAL J, Espinosa J. 2003. Manual de nutricion y fertilizacién de pastos. International
Plant Nutrition Institute (IPNI). Quito, Ecuador. p. 94. http://nla.ipni.net/article/NLA-3058

CARRANZA C, Lanchero O, Miranda D, Chaves B. 2009. Analisis del crecimiento de
lechuga (Lactuca sativa L.) Batavia cultivada en un suelo salino de la Sabana de
Bogota. Agronomia Colombiana 27(1):41-48. ISSN: 0120-9965.
http://www.redalyc.org/pdf/1803/180314730006.pdf

CARVAJAL-TAPIA JI, Martinez-Mamian CA, Truque-Ruiz NY. 2016. Digestibilidad de la
harina de guandul (Cajanus cajan) en alimentacion de pollos de engorde. Biotecnologia
en el Sector Agropecuario y Agroindustrial 14(1):87-94. ISSN: 1692-3561.
DOI:10.18684/BSAA(14)87-94

DE LA FUENTE EB, Suarez SA. 2008. Problemas ambientales asociados a la actividad
humana: la agricultura. Ecologia Austral 18(2):239-252. ISSN: 1667-782X.
http://www.scielo.org.ar/pdf/ecoaus/v18n3/v18n3a0l.pdf

DIAZ JG, Rojas G, Him Y, Hernandez N, Torrealba E, Rodriguez Z. 2011. Efecto de la
fertilizacion nitrogenada sobre el crecimiento en vivero de Cocuy (Agave cocui
Trelease). Revista de la Facultad de Agronomia (LUZ) 28(1, Suppl 1):264-272. ISSN:
0378-7818.
http://produccioncientificaluz.org/index.php/agronomia/article/view/12499/12486

GEORGE T, Singleton PW. 1992. Nitrogen assimilation traits and dinitrogen fixation, in
soybean and common bean. Agronomy Journal 84(6):1020-1028. ISSN: 0002-1962.
doi:10.2134/agronj1992.00021962008400060022x

GOMEZ-CARABALI A, Rao IM, Beck RF, Ortiz M. 1998. Adaptacién de una graminea
(C4) y dos leguminosas (C3) forrajeras a un Andisol acido degradado de Colombia.
Pasturas Tropicales 20(1):1-8. ISSN: 2346-3775.

http://lwww.tropicalgrasslands.info/index.php/tgft/pages/view/Pasturas

GRAZIA J, Tittonell PA, Chiesa A. 2001. Efecto de la época de siembra, radiacion y
nutricion nitrogenada sobre el patron de crecimiento y el rendimiento del cultivo de
lechuga (Lactuca sativa L.). Espafia. Investigacion Agraria. Produccién Proteccion

43


http://nla.ipni.net/article/NLA-3058
http://www.redalyc.org/pdf/1803/180314730006.pdf
http://www.scielo.org.ar/pdf/ecoaus/v18n3/v18n3a01.pdf
http://produccioncientificaluz.org/index.php/agronomia/article/view/12499/12486
http://www.tropicalgrasslands.info/index.php/tgft/pages/view/Pasturas

ABANICO VETERINARIO ISSN 2448-6132 Publisher Sergio Martinez Gonzalez sisupe.org/revistasabanico

Vegetal 16(3):355-365. ISSN: 0213-5000.
http://www.inia.es/gcontrec/pub/degra_1161156523015.pdf

HERNANDEZ MS, Casas AE, Martinez O, Galvis JA. 1995. Andlisis y estimacion de
parametros e indices de crecimiento del arbol de maraco (Theobroma bicolor H.B.K.) a
primera floracion. Agronomia Colombiana 12(2):182-191. ISSN: 0120-9965.
https://revistas.unal.edu.co/index.php/agrocol/article/view/21442/22396

HIGUERA A, Ferrer O, Boscan D, Canelon A, Montiel M, Castro C. 2001. Efecto de la
altura y tiempo de corte sobre el contenido mineral de hojas y tallos de tres variedades
quinchoncho Cajanus cajan (L.) Millsp. con fines de alimentacion animal. Revista
Cientifica (FCV-LUZ) 11(6):491-500. ISSN: 0798-2259.
http://www.fcv.luz.edu.ve/images/stories/revista_cientifica/2001/06/articulo5.pdf

HOYOS V, Rodriguez M, Cardenas-Hernandez JF, Balaguera-Lépez HE. 2009. Analisis
del crecimiento de espinaca (Spinacia oleracea L.) bajo el efecto de diferentes fuentes y
dosis de nitrogeno. Revista Colombiana de Ciencias Horticolas 3(2):175-187. ISSN:
2011-2173.
http://revistas.uptc.edu.co/index.php/ciencias_horticolas/article/view/1211/1210

HUNT R. 1990. Basic growth analysis: Plant growth analysis for beginners. Unwin
Hyman. London, England. p. 111. ISBN: 978-94-010-9117-6

MARTINEZ J, Leon L, Castellano G, Higuera A. 2003. Evaluacion de 25 lineas de
quinchoncho Cajanus cajan (L.) Millsp. con fines de seleccion para su uso como
leguminosa arbustiva forrajero. Revista Cientifica (FCV-LUZ) 13(3):173-181. ISSN:
0798-2259.
http://www.fcv.luz.edu.ve/images/stories/revista_cientifica/2003/03/articulo2.pdf

MAYZ J. 2007. Cajanus Cajan L.: Fijacidon bioldgica de nitrogeno (FBN) en un suelo de
sabana. Revista de la Facultad de Agronomia (LUZ). 24(Supl 1):312-317. ISSN: 0378-
7818. http://www.revfacagronluz.org.ve/PDF/supl_mayo 2007/v24supl43.pdf

MIRANDA K. 2010. Agenda zonal para el buen vivir, propuestas de desarrollo y
lineamientos para el ordenamiento territorial. Monsalve Moreno. Ecuador. p. 95. ISBN:
978-9978-92-893-6. http://www.planificacion.gob.ec/wp-
content/uploads/downloads/2012/08/Agenda-Zonal-para-el-Buen-Vivir.pdf

NIEUWENHUYSE A, Aguilar A, Mena M, Néjera K, Osorio M. 2008. La siembra de
pastos asociados con mani forrajero, Arachis pintoi. Centro Agronémico de
Investigacion y Ensefianza (CATIE). Serie Técnica Manual Técnico No. 82. Costa Rica.
p. 75. ISBN: 978-99924-0-728-8.
http://repositorio.bibliotecaorton.catie.ac.cr/bitstream/handle/11554/2806/La_siembra_de
_pastos_asociados_con_mani_forrajero.pdf?sequence=1&isAllowed=y

44


http://www.inia.es/gcontrec/pub/degra_1161156523015.pdf
https://revistas.unal.edu.co/index.php/agrocol/article/view/21442/22396
http://www.fcv.luz.edu.ve/images/stories/revista_cientifica/2001/06/articulo5.pdf
http://revistas.uptc.edu.co/index.php/ciencias_horticolas/article/view/1211/1210
http://www.fcv.luz.edu.ve/images/stories/revista_cientifica/2003/03/articulo2.pdf
http://www.revfacagronluz.org.ve/PDF/supl_mayo_2007/v24supl43.pdf
http://www.planificacion.gob.ec/wp-content/uploads/downloads/2012/08/Agenda-Zonal-para-el-Buen-Vivir.pdf
http://www.planificacion.gob.ec/wp-content/uploads/downloads/2012/08/Agenda-Zonal-para-el-Buen-Vivir.pdf
http://repositorio.bibliotecaorton.catie.ac.cr/bitstream/handle/11554/2806/La_siembra_de_pastos_asociados_con_mani_forrajero.pdf?sequence=1&isAllowed=y
http://repositorio.bibliotecaorton.catie.ac.cr/bitstream/handle/11554/2806/La_siembra_de_pastos_asociados_con_mani_forrajero.pdf?sequence=1&isAllowed=y

ABANICO VETERINARIO ISSN 2448-6132 Publisher Sergio Martinez Gonzalez sisupe.org/revistasabanico

OLIVERA Y, Machado R, Ramirez J, Cepero B. 2005. Evaluacion de una coleccion de
Centrosema spp en un suelo acido. Pastos y Forrajes 28(2):99-105. ISSN: 0864-0394.
http://www.redalyc.org/articulo.0a?id=269121680002

PETERS M, Horacio L, Schomidt A, Hincapié B. 2003. Especies forrajeras
multipropésito: Opciones para productores de Centroamérica. Centro Internacional de
Agricultura Tropical (CIAT). Cali, Colombia. p. 113. ISBN: 958-694-048-9.
https://books.google.com.mx/books?hl=es&Ir=&id=0OxcbAyx8UFsC&oi=fnd&pg=PA47&d
g=PETERS+M,+Horacio+L,+Schmidt+A,+Hincapi%C3%A9+B.+2003.+Especies+forraje
ras+multiproposito&ots=MOK2cB_|J_&sig=J8VIDalY_dFRk3BNYzrotZ02XTA#v=onepa
ge&qg&f=false

PETIT AJ, Casanova L, Solorio S. 2009. Asociacion de especies arbéreas forrajeras
para mejorar la productividad y el reciclaje de nutrimentos. Agricultura Técnica en
México 35(1):113-122. ISSN: 0568-2517.

http://www.scielo.org.mx/pdf/agritm/v35n1/v35nlall.pdf

PLIEGO L, Ocafia A, Lluch C. 2003. Crecimiento, fijacion de nitrégeno, acumulacion y
asimilacion de nitratos con dosis de nitrogeno en frijol. Terra Latinoamericana
21(2):213-222. ISSN: 2395-8030. http://www.redalyc.org/pdf/573/57315595008.pdf

RINCON GN, Olarte MA, Pérez JC. 2012. Determinacion del area foliar en fotografias
tomadas con una camara web, un teléfono celular o una camara semiprofesional.
Revista Facultad Nacional de Agronomia Medellin 65(1):6399-6405. ISSN: 0304-2847.
https://revistas.unal.edu.co/index.php/refame/article/view/30766/30887

RUIZ TE, Febles G, Alonso J. 2015. Estudios con leguminosas, un aporte a la ciencia
durante los cincuenta afios del Instituto de Ciencia Animal. Revista Cubana de Ciencia
Agricola 49(2):233-241. ISSN: 0034-7485.
http://www.redalyc.org/articulo.0a?id=193039698013

SAS (Statistical Analysis System). 2004. SAS/STAT 9.1 User's guide: Basics. Institute
Statistical Analysis System. Cary, NC, USA. p. 5121. ISBN: 1-59047-243-8.
https://support.sas.com/documentation/onlinedoc/91pdf/sasdoc_91/stat ug_7313.pdf

SINAGAP (Sistema de Informacion Nacional de Agricultura, Ganaderia, Acuacultura y
Pesca). 2012. Ill Censo Nacional Agropecuario de Ecuador. 6. Censos y encuestas.
Reporte de resultados censo nacional. Namero de UPAS y personas productoras por
tamafios de UPA, segun principales caracteristicas. Ministerio de Agricultura,
Ganaderia, Acuacultura y Pesca, Ecuador.
http://sinagap.agricultura.gob.ec/index.php/productos/censos-y-encuestas

TAYEB S. 2012. Calculate and Analyze of Growth in Vicia faba L. Plant. Life Science
Journal 9(1):850-852. ISSN: 0024-3205.

45


http://www.redalyc.org/articulo.oa?id=269121680002
https://books.google.com.mx/books?hl=es&lr=&id=OxcbAyx8UFsC&oi=fnd&pg=PA47&dq=PETERS+M,+Horacio+L,+Schmidt+A,+Hincapi%C3%A9+B.+2003.+Especies+forrajeras+multiproposito&ots=M0K2cB_lJ_&sig=J8VlDa1Y_dFRk3BNYzrotZ02XTA#v=onepage&q&f=false
https://books.google.com.mx/books?hl=es&lr=&id=OxcbAyx8UFsC&oi=fnd&pg=PA47&dq=PETERS+M,+Horacio+L,+Schmidt+A,+Hincapi%C3%A9+B.+2003.+Especies+forrajeras+multiproposito&ots=M0K2cB_lJ_&sig=J8VlDa1Y_dFRk3BNYzrotZ02XTA#v=onepage&q&f=false
https://books.google.com.mx/books?hl=es&lr=&id=OxcbAyx8UFsC&oi=fnd&pg=PA47&dq=PETERS+M,+Horacio+L,+Schmidt+A,+Hincapi%C3%A9+B.+2003.+Especies+forrajeras+multiproposito&ots=M0K2cB_lJ_&sig=J8VlDa1Y_dFRk3BNYzrotZ02XTA#v=onepage&q&f=false
https://books.google.com.mx/books?hl=es&lr=&id=OxcbAyx8UFsC&oi=fnd&pg=PA47&dq=PETERS+M,+Horacio+L,+Schmidt+A,+Hincapi%C3%A9+B.+2003.+Especies+forrajeras+multiproposito&ots=M0K2cB_lJ_&sig=J8VlDa1Y_dFRk3BNYzrotZ02XTA#v=onepage&q&f=false
http://www.scielo.org.mx/pdf/agritm/v35n1/v35n1a11.pdf
http://www.redalyc.org/pdf/573/57315595008.pdf
https://revistas.unal.edu.co/index.php/refame/article/view/30766/30887
http://www.redalyc.org/articulo.oa?id=193039698013
https://support.sas.com/documentation/onlinedoc/91pdf/sasdoc_91/stat_ug_7313.pdf
http://sinagap.agricultura.gob.ec/index.php/productos/censos-y-encuestas

ABANICO VETERINARIO ISSN 2448-6132 Publisher Sergio Martinez Gonzalez sisupe.org/revistasabanico

http://lwww.lifesciencesite.com/Isj/life0901/123 8686l1ife0901 850 852.pdf

TROMPIZ J, Ventura M, Esparza D, Higuera A, Padron S, Aguirre J. 2001. Efecto de la
sustitucién parcial del alimento balanceado por harina de follaje de quinchoncho
(Cajanus cajan (L) Millsp), sobre el comportamiento productivo en cerdos en etapa de
engorde. Revista Cientifica (FCV-LUZ) 11(5):391-396. |ISSN: 0798-2259.
http://www.fcv.luz.edu.ve/images/stories/revista_cientifica/2001/05/articulol.pdf

VILLAR R, Ruiz-Robleto J, Quero JL, Poorter H, Valladares F, Marafion T. 2008. Tasas
de crecimiento en especies lefiosas: aspectos funcionales e implicaciones ecoldgicas.
En: Valladares F. (Ed.). Ecologia del bosque mediterrdaneo en un mundo cambiante.
Ministerio de Medio Ambiente. EGRAF, S.A. Madrid, Espafia. pp. 191-227. ISBN: 978-
84-8014-738-5.
http://digital.csic.es/bitstream/10261/47933/1/Tasas%20de%20crecimiento%20en%20es
pecies%20le%c3%blosas.pdf

46


http://www.lifesciencesite.com/lsj/life0901/123_8686life0901_850_852.pdf
http://www.fcv.luz.edu.ve/images/stories/revista_cientifica/2001/05/articulo1.pdf
http://digital.csic.es/bitstream/10261/47933/1/Tasas%20de%20crecimiento%20en%20especies%20le%c3%b1osas.pdf
http://digital.csic.es/bitstream/10261/47933/1/Tasas%20de%20crecimiento%20en%20especies%20le%c3%b1osas.pdf

