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ABSTRACT 
Background: Crop-cattle farms in the lower basin of Guayas River are different in terms of their 

chances to maintain animals throughout the year. Aim: To evaluate forage balance based on 

crop-cattle farms in the lower basin of Guayas river, Ecuador. 

Methods: This research included 76 farms in the lower basin of Guayas river, Ecuador. Twelve 

variables were chosen for the analyses. The input variables helped classify the farms into four 

types through k-mean cluster analysis. The annual percentage of nutritional needs met on the 

farm was considered as well. The output variables produced the central trend and dispersion 

statistics, which were related to the types achieved. A simple correlation analysis was performed 

between the input and output variables, using the Spearman coefficient. 

Results: The low typology generated most cases (36), and lowest percentage of the cattle raising 

area, stocking rate, and days on the farm. The mid-low and mid-high typologies produced similar 

values as to stocking rate and the days the animals were kept; the high typology kept the animals 

for more days, with adequate stocking rates and positive forage balance. 

Conclusions: The forage balance was positive in the high typology, with better utilization of 

resources produced and introduced for animal nutrition, and more days on the farm. 
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INTRODUCTION 

An analysis made on agricultural production in Ecuador by Requelme and Bonifaz (2012), 

revealed the existence in many cases, of varied natural scenarios, climates, and microclimates 

that provide many diverse culturing practices to work the land. According to the authors, this 

sector has complex and diverse characteristics, whose study is indispensable, implying a 

necessary challenge. 

In that sense, Filian et al. (2019), characterized agricultural production systems engaged in cattle 

raising, in the lower basin of Guavas river, Los Rios province, Ecuador. The study found that the 

indicators related to stalks and used foods determined more than 50% of total variability of the 

systems studied, and emphasized on the need to establish feeding strategies that guarantee cattle 

raising in the region. 

Concerning nutrition, Orjales et al. (2018) claimed it is one of the ultimate goals of cattle 

production systems, and it is essential for maintenance, reproduction, production, and health of 

herds. In turn, Giselli et al. (2015), on evaluation of cattle rearing in the Ecuadoran coast, 

concluded that it is combined with farming, especially the double-purpose cattle and maize (Zea 

mays L.), rice (Oryza sativa L.), banana (Musa acuminata Colla), African palm tree (Elaeis 

guineensis Jacq.), and sugar cane (Saccharum officinarum L.). Also, León et al. (2018), in 

reference to the possibility of including grass in the region, mentioned the broad potential to set 

up grazing systems. 

Despite the previous, stalks are used, and the grass is characterized by low productivity, and are 

subject to seasonal unbalances which are mainly caused by frequent floods in certain periods of 

the year. These aspects hinder farm management, and call for the need to relocate the animals in 

areas with better draining and food availability. 

Today, cattle farms in the low basin of Guaya river are very heterogeneous, which is determined 

by their physical dimensions, components of agrobiodiversity, feeding systems, management, and 

the possibility to keep the animals in their areas for a year. Considering the above, the aim of this 

paper is to evaluate forage balance of crop-cattle farms in the lower basin of Guayas river, Los 

Rios province, Ecuador. 

MATERIALS AND METHODS 

This study was done in the low basin of Guayas river, Los Rios province, Ecuador, made of river 

valleys and coastal alluvial plains, with few, mostly fertile depressions (savannas). This location 

has different types of soils, with a predominance of inceptisols (47.2%), followed by entisols 

(37.2%), and alphisols (8.4%). The climate is megathermal semi-humid, characterized by a single 
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rainy maximum, an a very marked dry season, with mean temperatures of 24-26 °C, and rainfall 

values of 1 250-2 000 mm (AOICORP, 2014). 

According to León, Bonifaz, and Gutiérrez, (2018), the main economic activity is farming, with 

rice (Oryza sativa L.), el banana (Musa acuminata Colla), el cocoa (Theobroma cacao L.), la 

soybean (Glycine max L.), sugar cane (Saccharum officinarum L.); and pastures, such as Guinea 

grass(Panicum maximum Jacq.), African Bermuda grass (Cynodon nlemfuensis Vanderhyst, 

Bull.), molassesgrass (Melinis minutiflora P. Beauv.), leguminous trees like algarroba (Prosopis 

glandulosa Torr.), cowbush (Leucaena leucocephala Lam. de Wit) and American sumac 

(Caesalpinia coriaria Jacq. Willd.). Besides, there are areas with established paragrass (Urochloa 

mutica Forssk. T. Q. Nguyen), signal grass (Urochloa decumbens Stapf R. D. Webster), 

Caribgrass (Eriochloa polystachya Kunth), and Napier Grass (Cenchrus purpureus Schumach. 

Morrone).  

Sample and variable selection 

A completely randomized collection of samples was performed in the experimental area (Toro, 

2011; Álvarez et al., 2014). Out of 680 farms, 76 that combined cattle and cropping were chosen, 

which were considered study cases. Regarding information collection on the farms, the 

methodology recommended by Giller et al. (2011) was used, which was started with quick rural 

diagnostic interviews and document reviews. The survey suggested by Filian et al. (2019) was 

conducted. Information was complemented with the production records at the local offices of the 

Ministry of Farming and Livestock Raising.   

A number of 12 variables were selected, which were divided into two groups: The first group had 

the input variables, which included cattle raising areas (ha); per cent of cattle raising areas in 

relation to the total farm area (%); animal stocking rate (livestock unit/ha), estimates in relation to 

the total farm area; farm work days (days), as the number of days in the year in which the animals 

are exploited; stalks used for animal production (kg of DM/ha/year); pasture production on the 

farm (kg of DM/ha(year); animal consumption needs (kg of DM/ha), estimated through the 

procedure described by Pérez Infante (2010); foods introduced on the farm (kg of DM/ha), which 

include forage and harvest residues from other areas, and forage balance (kg of DM/ha), 

according to the methodology used by Macedo et al. (2008). The output variable selected were 

milk and beef (kg/ha); obtained using the set equation between the total annual production of 

both and the total farm area; cattle raising income (dollars/ha), as sales of milk and beef 

throughout the year; and the contribution of cattle raising to the farm overall income (%), 

estimated via the set per cent from cattle raising and the farm total income.  

Data normality was verified using the Kolmogorov-Smirov (1933), and Levene (1960) tests for 

variance homogeneity; the samples did not meet the assumptions for the said analyses. According 

to Juárez et al. (2017), the central trend and dispersion measurements used were the mean, 

median, and interquartile range. 
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Information analysis procedure 

A first stage included the input variables to classify the study cases; they were used as per cent 

criterion of the annual needs met by the farm. K-mean cluster analysis was utilized for 

classification, as it partitions disjoint groups. That analysis produced groups of farms, so the ones 

within the same group were similar. Inclusion was made differently in each group. To achieve a 

more heterogeneous distribution, four groups were selected to obtain better characterization, 

based on the criteria of Segura and Torrez (2014), and Javadi et al. (2017). 

Each group was considered as a farm type, and it was given a code in relation to the mean values 

achieved, as low (lower need of foods), mid-low (intermediate values of lower need of forages), 

mid-high (intermediate values of higher needs of forage), and high (food needs met on the farm). 

A second stage included the output variables and the farm groups from the previous analysis. 

Finally, a simple correlation analysis was performed between the input and output variables, 

using the Spearman coefficient. IBM SPSS Statistics 22 (2013) was employed for analysis.  

RESULTS AND DISCUSSION 

The outcome, based on the typologies of farms made in the experimental area, is shown in Table 

1. The first typology (low) included the largest number of cases, and accounted for 47% of the 

sample. It comprised the lowest total area and percentage of cattle areas (30%), with the lowest 

stocking rate, and low values, in relation to the days used on the farm to perform the activities 

analyzed (only 247 days with the cattle in their premises). In that sense, Haro (2003), said that the 

producing groups that cultivate less than 10 ha of their land, are considered small. According to 

the author, these types are prevailing, combining crops and cattle, nationally-bred cattle, poor 

technology, low-mid fertility soils, and low yields. In the low group, cattle raising is performed 

as an alternative of household self-supply of milk, and the generation of income from the sale of 

animals at certain times of the year. The farms within the low typology showed negative forage 

balances, though food deficiencies were fewer than the second and third groups. This condition 

was determined by a lower stocking rate, which ensured greater food availability when the 

animals are within their premises. 

Analysis of second and third group typologies (mid-low and mid-high, respectively), showed 

similar values as to the number of days the animals can be kept on their farms, and animal 

stocking rate, which led to similar behaviors, despite the different premises and proportion of 

cattle.  

The farms included in the mid-low category produced more harvest residues for animal nutrition, 

according to the farming areas, but not in the same quantity of available grass. On the other hand, 

the mid-high category showed lower quantities of consumed residues; however, pasture 

production was higher than in the other typologies. This behavior was conditioned by a greater 

total area, and percentage allocated to cattle raising. The analysis of the amount of food 
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introduced in either category revealed that the deficiencies regarding pasture and crop residue 

production on the farms were not met by the farms, and they were below the animal consumption 

needs, which led to negative forage balances. 

Coinciding with the results, Márquez et al. (2008), evaluated systems combining breeding cattle 

with crops in flooded plains, in Mexico. They noted that increasing the animal stocking rate has 

been the main action taken to improve productivity, with no need to perform complementary 

actions to enhance the stocking capacity of prairies, leading to overexploitation and degradation. 

Under those circumstances, the authors recommended 1.9 ha to maintain one animal unit during 

the year. Also, Pereda et al. (2017) evaluated this indicator in mid-fertility soils, using cattle 

farms with different agricultural integration levels, and found maximum values of 1.5 LU/ha, 

considered as extremes for the farm conditions observed.  

In the high typology, the animals were kept 280 days (more days), of which 60% was engaged in 

cattle production, with stocking rates within the adequate range, considering the amounts of food 

they can produce and introduce on the farms, and the consumption needs of animals. The results 

achieved in this group are related to the reports made by Funes (2008), who evaluated different 

cattle-farming integration proportions on several Cuban locations, with 70-30% as the best result.  

Upon evaluation of a three-phase conversion program to accomplish food self-sufficiency in the 

Cuban agricultural sector, the above author recommended 30-50% crop proportions on cattle 

farms with less than 20 ha; thus increasing productive and energy efficiencies, as well as the 

capacity of supplying more energy and protein to people (9.9 and 14.4, respectively) (Funes, 

2016). Considering the results presented by the author cited, and the distribution of farming and 

cattle components found on the high typology farms (40% cropping and 60% cattle), it might be 

inferred that most days used to maintain the animals were related to better distribution and use of 

forage resources in their premises (pasture and residues), and the foods introduced from areas 

other than in the production system. 

Table 1. Input variable values achieved by the farm groups 

Input 

variables 

Low 

n=36 

Mid-low 

n=13 

Mid-high 

n=11 

High 

n=16 

Mean SD Mean SD Mean SD Mean SD 

Farm days 

(days) 

247 

(238) 

IQR=30.0 

23.1 

255 

(245) 

IQR =30.0 

15.1 

256 

(245) 

IQR =30.0 

15.1 

280.6 

(275) 

IQR =30.0 

44.1 

Cattle area 

(ha) 

3.4 
(3) 

IQR=3.0 

2.3 
31.7 
(20) 

IQR=31.5 

16.2 
89.0 
(90) 

IQR=10.0 

11.3 
19.5 
(19) 

IQR=16.0 

9.05 

Cattle area 

% 

32 

(25) 

IQR=33.0 

21.4 

50 

(42) 

IQR=42.0 

25.2 

90 

(81.7) 

IQR=10.0 

11.6 

60 

(63) 

IQR=52 

28.0 

Stocking 

rate (LU/ha) 

0.4 

(0.4) 

IQR=0.1 

0.1 

0.7 

(0.7) 

IQR=0.0 

0.0 

0.8 

(0.8) 

IQR=0.0 

0.0 

0.5 

(0.5) 

IQR=0.2 

0.1 



Forage Balance Based on Crop-Cattle Farms in the Lower Basin of Guayas River, Ecuador  

 

J o u r n a l  o f  An i ma l  Pr o d u c t i o n ,  3 2  ( 1 ) ,  
h t t p s :/ / r e vi s t a s . r e d u c . e d u . cu / i n d e x . p h p / r p a / a r t i c l e / vi e w/ e 3 3 7 2  

Residues 

used (kg 

DM/ha/year) 

7.3 

(4.4) 

IQR=6.7 

8.3 

32.4 

(33.5) 

IQR=28.5 

18.5 

14.2 

(11.1) 

IQR=11.2 

15.9 

18.7 

(8.9) 

IQR=29.9 

17.2 

Pasture 

production 

(kg 

DM/ha/year) 

5.6 

(5.1) 

IQR=4.9 

3.8 

54.1 

(36.2) 

IQR=55.7 

28.8 

150.3 

(145.0) 

IQR=16.1 

25.0 

35.5 

(34.4) 

IQR=27.1 

16.6 

Consumpti

on need (kg 

DM/ha) 

19.0 

(14.6) 

IQR=15.1 

13.3 

159.2 

(160.0) 

IQR=38.9 

25.8 

298.3 

(298.6) 

IQR=72.8 

43.0 

68.2 

(71.6) 

IQR=34.0 

23.6 

Foods 

introduced 

on the farm 

(kg DM/ha) 

5.6 

(4.6) 

IQR=4.4 

3.0 

23.1 

(26.2) 

IQR=23.0 

12.9 

40.9 

(31.6) 

IQR=48.9 

21.0 

18.4 

(22.0) 

IQR=14.8 

8.1 

Final FB 

(kg DM/ha)* 

-0.7 

(-0.9) 

IQR=9.4 

7.4 

-49.6 

(-40.2) 

IQR=26.9 

24.5 

-92.8 

(-117.6) 

IQR=77.5 

34.5 

4.5 

(4.1) 

IQR=14.7 

16.6 

n: number of cases; SD: standard deviation; (): median; IQR: interquartile range 

*It only considers animal consumption on the farm.  

 

A dispersion stagraph analysis of the output variables was performed, depending on the farm 

typology (Table 2), the low group showed the lowest mean productions of milk and beef; 

however, it accomplished the best total yields compared to the other typologies. It was 

determined by the contribution made by cropping, corresponding to the behavior observed in the 

indicators evaluated, the income from cattle raising, and the percentage obtained from the total 

income, only accounting for 17%. The cases within typology had the lowest number of days used 

to maintain the animals, and the ones with the smallest area dedicated to cattle, with a negative 

forage balance, justifying the outcome of variables linked to cattle production. In that sense, FAO 

(2018) said that 92% of Ecuadoran cattle belongs to household agriculture, on small farms with 

poor technical development, and production aimed to self-consumption and some barter of excess 

production.  

Following analysis of this typology, an increase was observed in the production response to milk 

and beef, including total yields, when compared to the low typology. The farmers within the mid-

low typology showed greater total area and cattle proportion (50%), which was linked to better 

management and feeding conditions that ensure greater animal response. However, despite 

having the highest total income, the profit percentage from cattle raising was not far from the 

previously analyzed typology. These farms are focused on cropping, with more inputs and 

derived productions from the sector, stimulated by sale opportunities and the agroproductive 

conditions of the region. 

According to Filian et al. (2019), the productive systems of the low basin of Guayas river, 

Ecuador, have increased, driven, among other factors, by an increase in input use, which are 

mainly allotted to cropping, which may be related to the outcome of the mid-low typology, with 

the highest percentage of crop area, coinciding with Peñuela and Fernández (2010) in a study of 

cattle in flooding savannas, in Orinoquia, Colombia. They remarked that although it was an 
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important economic activity for the country, it employs little technical methods and training, thus 

reporting poor productivity and cost effectiveness, apart from deteriorating the ecosystems and 

the environment, similar to the outcome of this study.  

Milk and beef production in the high typology was similar to the mid-high, which used 90% of 

the land in cattle raising, and was higher than the low and mid-low typologies. It was different 

when the total yield was evaluated with a lower value, compared to the low and mid-low 

typologies, with greater cropping proportion, influencing on the results achieved. The total yield 

in the high category was better than the mid-high category, with 90% of land used for cattle 

raising. In this category, as in the previous ones, the percentage of various crops determined the 

response of total yield. 

In that sense, Ocampo and Peñuela (2014) studied breeding cattle productivity in flooding 

savannas of the Orinoco region, and stressed on the need to implement a systemic approach to 

achieve favorable development of their productive goal and the supporting environment. The 

authors claimed that the search for higher productivity will necessarily have to be within the 

analysis capacity of each of the components of the system and their relationships. Hence, 

identification of the positive aspects and other aspects requiring adjustment or change will be 

possible, in order to accomplish higher productivity of the system. Based on this outcome, the 

farmers who were part of the high typology kept a proper global stocking rate, which ensured 

better management of forage resources, and greater balance of cattle-cropping components in the 

production system, influencing on the response. 

Table 2. Dispersion statgraphs of output variables depending on the farm groups 

Output variables 
Low Mid-low Mid-high High 

Mean SD Mean SD Mean SD Mean SD 

Milk production 

(kg/ha) 

175.5 

(165.6) 

IRQ=72.0 

57.0 

303.5 

(304.9) 

IRQ=19.9 

19.7 

339.1 

(354.2) 

IRQ=5.8 

18.5 

331.0 

(365.2) 

IRQ=83.5 

59.8 

Beef production 

(kg/ha) 

25.4 

(24.6) 

IRQ=9.15 
11.1 

69.5 
(70.0) 

IRQ=25.2 

12.8 
79.7 

(81.3) 

IRQ=32.3 

 
76.3 

(73.6) 

IRQ=29.3 

16.8 

Total yield (kg/ha) 

1.0 

(1.1) 

IRQ=0.8 

0.4 

1.2 

(1.5) 

IRQ=0.8 

0.4 

0.6 

(0.6) 

IQR=0.1 

0.1 

0.8 

(0.8) 

IRQ=1.1 

0.5 

Cattle income 

(dollars/ha) 

138.6 

(134.3) 

IQR=55.7 

48.2 

309.0 

(302.4) 

IRQ=85.0 

43.8 

381.6 

(359.1) 

IRQ=111.

6 

49.5 

234.4 

(216.2) 

IRQ=84.5 

63.4 

Contribution of cattle 

raising to total farm 

income (%) 

17 

(6.6) 

IRQ=7.8 

29.8 

17 

(11.6) 

IRQ=14.0 

10.2 

57 

(44.3) 

IQR=55.7 

29.0 

24 

(17.7) 

IQR=27.1 

26.7 

SD: standard deviation; (): median; IQR: interquartile range 
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The analysis of correlations (Table 3) revealed high significance values (P ≤ 0.01) in most input 

and output variables, which demonstrates their interrelation. However, there were no significant 

differences between the total area and the farm days for cattle raising, which demonstrates the 

possibilities of the area to perform other productive actions unrelated to cattle. Similar results 

were observed between the various crop areas and the stocking rate, the farm days, and milk 

production. These aspects corroborate a low utilization of residues from the crop land, 

particularly in milk production.  

In three of the typologies, the high stocking rates were factors that caused negative forage 

balances, and, as a minor result, the capacity to maintain the animals on the farms throughout the 

year. The correlations of variable stocking rates showed no significance in relation to farm days 

or residues used. In that sense, Estelrich and Castaldo (2014), linked the stocking rate to the 

pressure of grazing, and noted that the capacity of a cattle system is determined by environmental 

factors, including the type of soil, the topography, and the climate, as well as the plant 

community involved in its structure, richness, and specific abundance. According to the author, 

these factors have an influence on the availability of biomass, the main determinant factor of 

cattle receptivity within an area or region. The analyses made by the authors above demonstrate 

the need to seek proper stocking rate, according to the edaphoclimatic characteristics, the 

production capacity, and use of available biomass for animal nutrition. 

The correlation coefficient of farm days in the year was generally low in all the related variables. 

Significance was only found (P≤0.05) in the production of pastures and food on the farm. These 

elements make the basis of animal maintenance; however, no correlation was found to the 

residues produced, the consumption needs, and foods introduced, which are not taken into 

account, but determine animal stability, and help ensure their nutritional requirements. Similar 

results were observed by evaluating the relationship between the days used for animal production 

and variables milk production, beef production, and total income. Inside them are those provided 

by cattle raising. Generally, they show the low priority of cattle raising; rather, they are an 

alternative of family self-consumption, and it is sometimes used to counteract economic 

unbalances and deficiencies caused by crop production. In that sense, Torres et al. (2014), 

expressed the need to apply technologies that develop double purpose cattle on the Ecuadoran 

coast area. The authors also highlighted that cattle responds to a mixed system of agriculture, 

with significant forage limitations in economically depressed marginal areas.   

Low correlation coefficients were found in variable used residues and milk production, as well as 

evaluation of pastures, with the income made by cattle raising as a contribution to the total 

income. These results demonstrate the low utilization of food resources on farms with low 

income and little contribution to the local economy.  

Table 3. Correlations between input and output variables found in the analysis 
 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

1 1.000 .556** .856** .675** .168 .555** .859** .944** .974** .813** .673** .747** .752** .456** 
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2  1.000 .317** .194 .132 .962** .324** .573** .492** .243* .193 .313** .301** -.373** 

3   1.000 .711** .227* .317** .997** .922** .874** .770** .711** .752** .751** .557** 

4    1.000 .174 .194 .709** .701** .799** .730** .999** .915** .961** .624** 

5     1.000 .133 .281* .230* .189 .185 .169 .191 .167 .181 

6      1.000 .323** .572** .492** .243* .194 .313** .301** -.374** 

7       1.000 .925** .876** .771** .709** .749** .745** .558** 

8        1.000 .931** .749** .701** .768** .766** .358** 

9         1.000 .861** .798** .849** .857** .546** 

10          1.000 .728** .744** .756** .621** 

11           1.000 .914** .960** .622** 

12            1.000 .980** .568** 

13             1.000 .593** 

14              1.000 

1, Total real area, ha; 2, Crop area, ha; 3 Cattle area, ha; 4 Stocking rate LU/ha; 5, Farm days; 6, Residues 

used (kgDM/ha/year); 7 Pasture production (kgDM/ha/year); 8, Food production on the farms (kgDM/ha); 9, 

Consumption needs (kgDM/ha); 10, Foods introduced on the farm in the year (kgDM/ha); 11, Milk 

production (kg/ha); 12, Net beef production (kg/ha); 13, Income from cattle (dollars/ha); 14, Contribution of 

cattle income to total farm income *Indicates a significant correlation P<0.05; **Indicates significant 

correlation P < 0.01  

 

CONCLUSIONS 

The forage balance was positive in the high typology, with better utilization of resources 

produced and introduced for animal nutrition, and more days staying on the farm. 
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