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Abstract
To study the behavior of weekly weights, feed consumption, and feed conversion associated to meat production in female broilers in the tropics, 400 one-day old female broilers (200 Ross 308 and 200 Cobb 500 broilers) were lodged in two houses with uncontrolled environmental conditions for breeding. A multifactorial design was used to study lines (Cobb 500 and Ross 308), feed presentation (meal and pellets), and two houses, for a base design of eight combinations of factors and a repetition, totaling N=16 quarters. The experimental unit was made of 25 female broilers in each quarter, with a density of 12 chicken/m2, similar to the usual local production conditions. Simple and multiple analyses of variance were made with interactions and analysis of covariance. The values achieved for the weekly weights, feed consumption, and feed conversion, were adequate for the production conditions of female broilers in the tropic, and similar to reports of yielding purposes of the lines studied.
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Introduction
The production of broiler chicken has developed and spread out in every climate and region due to their high adaptability, cost-effectiveness, market acceptance, and availability of breeds with excellent productive behavior and food conversion.

The short productive cycle of broilers is a key factor that facilitates research and advances in genetics, nutrition, husbandry, and sanity, which lead to substantial and continuous improvements in production parameters. Four decades ago, it took broilers more than 80 days to reach their commercial weights (2.5 kg), and sizes; today a little more than 40 days are required to produce commercial broilers, using half the food supplied then. Weight gains nearing 60 g a day also generate high demands in terms environmental, health, and nutritional needs (Saavedra, Ramírez, and Vargas Machuca, 2016).

Accordingly, the aim of this paper was to evaluate the behavior of weight, mean gain, mean weekly accumulated gain, and mean daily gain in tropical female broiler production.
Materials and methods
This study was conducted on San Pablo Experimental Farm, from the Faculty of Agricultural Sciences, Technical University of Babahoyo, province of Los Rios, Ecuador, km 7.5, Babahoyo-Montalvo highway. The area is located 01º 47” 49” south latitude, and 79º 32” west longitude. Annual precipitation is 2 791.04 mm, with an average temperature of 25 ºC, and 76% relative humidity, 7.5 meters above sea level.

Genetic material
The total number of female broiler chicks was 400 (200 from Cobb 500, and 200 from Ross 308), in four treatments. Each treatment consisted of 25 animals.

Feeding
Commercial pellets and meal (BIOALIMENTAR) were used during the three phases (start, growth, finishing).

Houses
East-west oriented, open houses (15 m long by 5 m wide), with a capacity of 750 broiler chickens. A 50 cm high wall made of bricks and concrete surrounds the houses, which are covered with a 2.5 m high grid of welded rods, from the floor to the lowest roof point, and 5 m high from the middle of the houses to the highest point, with a re-ventilator along them.
Experimental design
A multifactorial design was used; the factors studied were, lines (Cobb 500 and Ross 308), feed presentation (meal and pellets), and houses. Each factor combination had four repetitions. The experimental unit was made of 25 female broilers in each quarter, with a density of 12 chickens/m2, similar to the usual local production conditions. Due to space and size of the samples, the quarters were randomly distributed in two houses.

Statistical analysis

All the data were recorded and processed by IBM®SPSS®, version 23. Analysis of multiple variance with interactions, and analysis of covariance were used. The variables studied were weekly weight gain, mean weekly gain, mean daily gain, and mean weekly accumulated gain. Each model included the main effects of the house/block, line, and feeding with its second-order interactions, and co-variables initial weight and quarter temperature. Finally, each model was adjusted according to the principle of Occam's razor, until the statistically significant effects were the only remaining.
Results and discussion
The results of weight will not be discussed, since they were already analyzed in previous research (Alvarado et al., 2018).

Table 1 shows the significant results (P<0.001) of feeding in the first three weeks, and house-feeding interaction in the first week, as well as the effect of house in the fourth week. The effects of house in the first week, feeding in the fifth week, and house-feeding interaction in the second and third weeks were significant for weight (P<0.01) too. The effect of house in the second and third weeks were significant, as well as feeding in the fourth week (P <0.05). The other effects did not show any significant differences. 

Similarly, the potencies of hypothesis tests for each model (upper and lower values) were expressed, along with their respective determination coefficients for each of the variables studied. These indicators showed the efficacy of the statistical and experimental controls of the models. The same table shows the effect of the factors included in the models on the mean weekly gain, mean daily gain, mean accumulated daily gain, and interactions. 

The effect of house on the mean weekly gain was highly significant in all the weeks, and significant in the fourth week. Feeding was highly significant during the first three weeks and in the sixth week, and only significant in the fourth week. House-feeding interaction was highly significant in the first week and only significant in the second week. The other effects and interactions did not show any significant differences.

The effect of house on the mean daily gain was highly significant in all the weeks, and significant in the fourth week. Feeding was not significant in the fifth week, but it was significant in the fourth week and highly significant in the other weeks.

The house-feeding interaction showed the same behavior as the mean weekly gain.

The effect of house on the mean accumulated gain showed significant differences in the third and fourth weeks, and significant in the first two weeks. Feeding was highly significant during the first three weeks and in the sixth week, and significant in the fourth week.
The mean weekly gain values, according to the food type (meal or pellets), were 110.1 g and 135.5 g, respectively. House No. 1 was 127.4 g, and house No. 2 was 118.1 g. 

The behavior of mean weekly gain for the three weeks, shown in the same table, varied between 109 and 146 g, 237 and 318 g, and 327 and 379 g, accordingly.

Furthermore, the values of mean weekly accumulated gain varied (110-136 g, 377-454 g, and 705-832 g), in the three weeks, respectively. The maximum values reported by Medina, González, Daza, Restrepo, and Barahona (2014) were 120.24, 155.02, and 352.49 g for the mean weekly gain, and 120.24, 375.26, and 727.75 g for the mean accumulated weekly gain. In the first week, the values were similar for both variables; in the second week, the mean weekly gain was higher; and in the third week, this variable was within the work range in the above-mentioned study. The mean accumulated weekly gain showed the same behavior as the previous authors. These results were also comparable to Hernández (2016).

The values achieved for the mean daily gains were similar to the reports by Aviagen (2014) in the first two weeks, but lower in the third week due to feathering and the environmental conditions of the Ecuadoran tropic. Cobb 500 was better than the data from the Cobb-Vantress (2014) manual in the first week, but lower in the second and third weeks.

Saavedra, Ramírez, and Vargas Machuca (2016) reported 89.35 g in the first week, 228.83 g in the second week, and 344.4 g in the third week, for the mean weekly gain. These values were lower in the first week, compared to the values shown in Table 2. In the third week, they were within the range shown in the table, considering that the values reported in this research were solely from females in tropical conditions, in open houses, and uncontrolled conditions.

Table 3 shows the mean daily gain values in the fourth, fifth, and sixth weeks (44-57.4, 67.4-78.6, and 53.8-69.6, respectively). A comparison of the data from the manuals, according to Aviagen (2014) and Cobb-Vantress (2014) with the data achieved in this study revealed that the latter were lower than the former manual in the three weeks, whereas the results of this study in the same stage were within the ranges published in the latter manual.

The values published by Martínez (2012) in the fourth, fifth, and sixth weeks for the mean gain variable were 69, 78, and 82 g, respectively. The fourth week was better and similar to the fifth week.

Medina, González, Daza, Restrepo, and Barahona (2014) reported 514.9 g for mean weekly gain in the fourth week, better than the values in Table 3. The values reported in the fifth week were 524.72 g, similar to the findings in this research, and 502.39 g in the sixth week. The same author found slightly higher values than Table 3 for the mean accumulated weekly gain. A similar behavior was observed in the fifth and sixth weeks (1 766.67 and 2 269.06 g, respectively).

Conclusions
The values of the three variables were lower than the values established in the performance manuals for the lines studied, considering the type of production facility.

The weight gains evaluated showed adequate values for production in tropical regions in open houses and uncontrolled environmental conditions.

The lines showed no significant differences for the studied variables in any week.
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	Table 1. Significant results for fixed effects and interactions

	Variables
	Effects
	House-Feeding
	Freedom degree
	Potency (%)
	R2%

	
	House
	Feeding
	
	
	Lower 
	Higher
	

	Weight week 1
	**
	***
	***
	12
	97
	100
	94

	Weight week 2 
	*
	***
	**
	12
	76
	100
	86

	Weight week 3
	*
	***
	**
	13
	83
	100
	78

	Weight week 4 
	***
	*
	-
	13
	62
	99
	70

	Weight week 5
	-
	**
	-
	14
	81
	81
	40

	Weight week 6 
	-
	-
	-
	8
	5
	38
	55

	Mean gain week 1
	***
	***
	***
	12
	97
	100
	94

	Mean gain week 2
	**
	***
	*
	12
	53
	100
	80

	Mean gain week 3
	**
	**
	-
	13
	81
	98
	68

	Mean gain week 4
	*
	*
	-
	13
	67
	68
	51

	Mean gain week 5
	***
	-
	-
	14
	100
	100
	76

	Mean gain week 6
	**
	***
	-
	13
	94
	100
	83

	Mean daily gain week 1
	**
	***
	***
	12
	97
	100
	94

	Mean daily gain week 2
	**
	***
	*
	12
	52
	100
	80

	Mean daily gain week 3
	**
	***
	-
	13
	82
	98
	68

	Mean daily gain week 4
	*
	*
	-
	13
	67
	68
	51

	Mean daily gain week 5
	***
	-
	-
	14
	100
	100
	76

	Mean daily gain week 6
	**
	***
	-
	13
	94
	100
	83

	Mean accumulated gain w1
	*
	***
	-
	13
	65
	100
	81

	Mean accumulated gain w2
	*
	***
	-
	13
	55
	100
	75

	Mean accumulated gain w3
	**
	***
	-
	13
	83
	100
	78

	Mean accumulated gain w4
	***
	-
	-
	14
	97
	97
	56

	Mean accumulated gain w5
	-
	**
	-
	14
	80
	80
	40

	Mean accumulated gain w6
	-
	-
	-
	8
	5
	38
	56

	*** (P <0.001); ** (P <0.01) and *(P <0.05)


	Table 2 Means estimated for weekly weight gain, mean weekly gain, mean daily gain, and mean weekly accumulated gain, for the effects and interactions studied in the first, second, and third weeks.

	Week
	Effect
	Weekly weight
	Mean weekly gain
	Mean daily gain 
	Mean accumulated weekly gain

	
	
	Mean 
	TE
	Mean 
	TE
	Mean 
	TE
	Mean 
	TE

	1
	meal 
	154
	1.6
	110.1
	1.6
	15.7
	0.22
	110.1
	2.57

	
	pellets
	180
	1.6
	135.5
	1.6
	19.4
	0.22
	135.5
	2.57

	
	house No. 1
	172
	1.6
	127.4
	1.6
	18.2
	0.22
	127.4
	2.57

	
	house No. 2
	162
	1.6
	118.1
	1.6
	16.9
	0.22
	118.1
	2.57

	
	ml house No.1
	154
	2.2
	109.4
	2.2
	15.6
	0.32
	-
	-

	
	ml.house No.2
	155
	2.2
	110.7
	2.2
	15.8
	0.32
	-
	-

	
	plt house No. 1
	190
	2.2
	145.5
	2.2
	20.8
	0.32
	-
	-

	
	plt house No.2
	170
	2.2
	125.6
	2.2
	17.9
	0.32
	-
	-

	2
	meal 
	421
	7.1
	267.2
	6.8
	38.2
	0.97
	377.2
	9.28

	
	pellets
	498
	7.1
	317.9
	6.8
	45.4
	0.97
	453.4
	9.28

	
	house No. 1
	445
	7.1
	273.1
	6.8
	39
	0.97
	400.5
	9.28

	
	house No. 2
	474
	7.1
	312
	6.8
	44.6
	0.97
	430.1
	9.28

	
	ml house No.1
	391
	10.1
	237.2
	9.6
	33.9
	1.37
	-
	-

	
	ml.house No.2
	452
	10.1
	297.1
	9.6
	42.4
	1.37
	-
	-

	
	plt house No. 1
	499
	10.1
	309
	9.6
	44.1
	1.37
	-
	-

	
	plt house No.2
	496
	10.1
	326.8
	9.6
	46.7
	1.37
	-
	-

	3
	meal 
	749
	14.9
	327.8
	8.3
	46.8
	1.19
	705
	14.88

	
	pellets
	876
	14.9
	378.1
	8.3
	54
	1.19
	831.5
	14.88

	
	house No. 1
	779
	14.9
	334.6
	8.3
	47.8
	1.19
	735.1
	14.88

	
	house No. 2
	845
	14.9
	371.3
	8.3
	53
	1.19
	801.4
	14.88

	
	ml house No.1
	716
	18.2
	-
	-
	44.2
	1.46
	-
	-

	
	ml.house No.2
	782
	18.2
	-
	-
	49.5
	1.46
	-
	-

	
	plt house No. 1
	843
	18.2
	-
	-
	51.4
	1.46
	-
	-

	
	plt house No.2
	909
	18.2
	-
	-
	56.6
	1.46
	-
	-


	Table 3 Means estimated for the weekly weight gain, mean weekly gain, mean daily gain, and mean accumulated weekly gain values in the fourth, fifth, and sixth weeks

	Week
	Effect
	Weekly weight
	Mean weekly gain
	Mean daily gain 
	Mean accumulated weekly gain

	
	
	Mean 
	TE
	Mean 
	TE
	Mean 
	TE
	Mean 
	TE

	4
	meal 
	1 151
	18.6
	401.6
	16.9
	57.4
	2.41
	-
	-

	
	pellets
	1 215
	18.6
	339.3
	16.9
	48.5
	2.41
	-
	-

	
	house No. 1
	1 118
	18.6
	339
	16.9
	48.4
	2.41
	1 074.1
	21.7

	
	house No. 2
	1 247
	18.6
	401.9
	16.9
	57.4
	2.41
	1 203.2
	21.7

	5
	meal 
	1 642
	14.2
	-
	-
	-
	-
	1 597.4
	14.2

	
	pellets
	1 704
	14.2
	-
	-
	-
	-
	1 659.9
	14.2

	
	house No. 1
	-
	-
	550.2
	12.9
	78.6
	1.84
	-
	-

	
	house No. 2
	-
	-
	429.8
	12.9
	61.4
	1.84
	-
	-

	6
	meal 
	-
	-
	487.4
	11.1
	69.6
	1.59
	-
	-

	
	pellets
	-
	-
	376.9
	11.1
	53.8
	1.59
	-
	-

	
	house No. 1
	-
	-
	461.9
	11.1
	66
	1.59
	-
	-

	
	house No. 2
	-
	-
	402.4
	11.1
	57.5
	1.59
	-
	-


31
ISSN 0258-6010

