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ABSTRACT
Objective: To assess the forage production of corn and corn with sunflower forage, as well as ewes’ preference 
for this forage as silage.
Design/methodology/approach: A completely randomized block design with three replications was used in 
the field, while a completely randomized design (Tukey 0.05) was preferred for work in laboratory. Sowing 
was done in spring-summer 2020 under rainfed conditions. The treatments were as follows: 100% corn; 90% 
corn  10% sunflower; and 80% corn  20% sunflower. Forage production was assessed at 126 days of sowing. 
Once ensiled, forage was assessed again through a bromatological analysis. Silage preference was evaluated for 
20 days with 10 pregnant Hampshire  Suffolk ewes with a live weight of 44.8 kg.
Results: The combination of 80% corn  20% sunflower delivered a higher fresh forage yield (P0.001; 28 t 
ha1), a higher percentage of soluble protein (P0.01), and a higher percentage of lignin (P0.001; 4.6%). The 
ewes preferred the 100% corn silage, since it contained a lower percentage of non-fiber carbohydrates (22.2%), 
a lower percentage of acid detergent fiber (35.3%), and a lower percentage of neutral detergent fiber (59.4%).
Study Limitations/Implications: Sunflower should be established in soils with low amounts of broadleaf 
weed seeds, since chemical control cannot be applied to the said weeds.
Findings/Conclusions: A greater amount of forage was produced per surface unit when 80% corn was 
combined with 20% sunflower. Ewes preferred the 100% corn silage due to its lower percentage of lignin and a 
higher in vitro digestibility of neutral detergent fiber.
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INTRODUCTION
 Feed for ruminant cattle in production is based on forage crops and grazing forage. 
However, the use of silages is important to maintain the animals’ body condition during 
the dry season without reducing livestock efficiency (Echavarría, 2007).
 The sunflower is native to northern Mexico and the southeastern United States. Its 
fresh forage yield is approximately 8-12 t ha1 (Fassio et al., 2001). The crude protein 
(CP) content in the bud, flowering, and physiological maturity stages is 16, 11, and 9%, 
respectively. Meanwhile, digestibility of its organic matter is 75 (bud), 72 (f lowering), and 
63% (physiological maturity). In this regard, after assessing 13 sunflower genotypes, Tomich 
et al. (2003) reported yields of 12.1-29.1 t ha1 on a wet basis. Velázquez-Martínez et al. 
(2018) reported yields of fresh corn forage in the semiarid rainfed conditions of the State 
of San Luis Potosí: 4.8 t ha1 in Charcas and 28.0 t ha1 in Matehuala. This indicates 
variability between the types of corn used by local producers under different soil and 
moisture conditions. Similarly, after assessing several combinations of corn and sunflower 
(100% corn, 75% corn  25% sunflower, 50% corn  50% sunflower, 25% corn  75% 
sunflower, and 100% sunflower) in Almoloya de Juárez, Estado de México, Aragadvay-
Yungán et al. (2015) concluded that sunflower silage could be an alternative to substitute 
up to 25% of corn silage. Sunflower provides a similar level of protein and energy supply 
than monoculture corn silage. However, water demand (consumptive use) is different for 
each crop: 467 mm for corn and 390 mm for sunflower (Villanueva et al., 2001). This is an 
important factor for places with scarce and badly distributed rainfall.
 When describing ewes’ selection of forage material, Anderson et al. (2010) mention 
that ewes prefer forage with higher protein contents, low fiber carbohydrate levels, and 
a high fodder value. Therefore, we must keep in mind that, as plants get older, grass 
quality decreases due to lignin aggregation (Velázquez-Martínez et al., 2022). The organic 
matter digestibility of sunflower decreases with physiological maturity, as a consequence 
of a higher lignin content, as well as of high oil contents, which affect the metabolism of 
ruminal microbiota (Fassio et al., 2001).
 Consequently, the combined cultivation of corn and sunflower in different proportions 
for silage during the wet season can improve the nutritional quality of silage. Sheep will 
normally select the silage with the highest percentage of protein, highest digestibility, and 
lowest lignin levels. Since this phenomenon has not been documented, the objective of our 
study was to assess different combinations of forage production (100% corn, 90% corn  
10% sunflower, 80% corn  20% sunflower), to ensile them, to conduct a bromatological 
analysis in a certified laboratory, and, finally, to determine which of the three silages sheep 
prefer as feed.

MATERIALS AND METHODS
Study site
 The study was conducted at La Pila, Mineral de la Reforma, State of Hidalgo, Mexico, 
during the 2020 spring-summer agricultural cycle. The site is located at 20° 07’ 06.22’’ 
N and 98° 40’ 29’’ W, at an altitude of 2,510 m. The climate is temperate semi-arid, 
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with an average annual temperature of 15 °C and 540 mm of rainfall. The type of soil 
is Vertisol with a clayey texture (Ramírez-Bautista et al., 2017). We used corn seeds of 
the Asgrow brand, Faisán variety, which is a three-way cross that flowers 95 days after 
sowing. The sown sunflower (Helianthus annuus) was of the Sunspot variety, which reaches 
the milk-dough stage at 126 days. The ewes used to select the silage were 18-month-old 
SuffolkHampshire crossbreeds with a 4-month pregnancy and an average live weight of 
44.85 kg. The study comprised soil preparation, sowing, first and second weeding, cutting, 
and silage of forage materials ( June-November, 2020), as well as ewe conditioning and the 
selection of silage by the ewes (December, 2020-January, 2021).
 Soil preparation was carried out on May 26, 2020 and comprised a fallowing and two 
harrowings. Sowing was carried out on June 6, 2020 on soil at field capacity, at a depth of 
15 cm, with a manual grain drill and without fertilization. Forage materials proportions 
(treatments) were 100% corn, 90% corn  10% sunflower, and 80% corn  20% sunflower, 
all of which were sown in three complete randomized blocks with three replications. 
Following Escalante-Estrada et al. (2008), we sowed 75,000 plants ha1. When combining 
corn and sunflower, seeds were mixed according to each company’s information on purity 
and viability. Subsequently, seeds were weighed on a Truper® scale No. 15161 (5.0 kg; 
México).
 The experimental unit consisted of two 6-m long furrows separated by 0.80 m. The 
forage was cut 10 cm above the soil surface and weighed on a Torino® dial hanging scale 
(Morelia, Michoacán, Mexico). Forage materials were harvested at 126 days, as indicated 
by Aragadvay-Yungán et al. (2015). The dry matter sample was determined by weighing 
all fresh forage in each experimental unit, and then weighing 25% of the said forage, 
mincing it, and laying it out on paper in a ventilated greenhouse for 15 days. Afterwards, 
each treatment’s materials were put in previously labelled paper bags and arranged in a 
Ciderta® air forced stove (Huevla, Spain) at 55 °C during 5 hours, and then they were 
weighed. To ensile the forage, we minced it manually (1 inch), placed it inside 100-L 
plastic barrels in duplicate, compacted it gradually, and hermetically sealed the barrels. 
After 45 days, the barrels were opened and the dry matter was determined. When three 
replications of the dry matter sample reached a weight of 2.0 kg in on a Truper© digital 
scale No. 15161, the silages were placed in a greenhouse environment with air f low for 
two weeks. Afterwards, they remained in an air forced stove at 55 °C for 5 h and were 
weighed. To conduct the analyses, 0.5-kg samples were taken per treatment on a dry 
basis in duplicate and sent to the Agro Lab de México S.A. de C.V. certified laboratory, 
in Gómez Palacio, Durango, Mexico. The following data were determined in the said 
lab: crude protein percentage (CP; %), soluble protein (%), acid detergent fiber (ADF; 
%), neutral detergent fiber (NDF; %), non-fiber carbohydrates (NFC; %), fat (%), total 
digestible nutrients (TDN; %), organic matter digestibility at 30 h (%), in vitro dry matter 
digestibility (%), and in vitro NDF digestibility (%). In addition, the following data were 
determined in Mcal kg1: net energy for lactation (NEl), net energy for maintenance 
(NEm), net energy gain (NEg), and metabolic energy (ME). With these results, we were 
able to start the ewes’ silage selection test.



216 Agro productividad 2022. https://doi.org/10.32854/agrop.v15i7.2328

Animal conditioning and experimental management
 Before the silage selection process, ewes were dewormed with 0.1% subcutaneous 
ivermectin at doses of 20 L kg1 body weight and oral albendazole at doses of 200 L 
kg1 body weight and revaccinated with subcutaneous one-shot Biobac 7-way bacterin 
at doses of 20 L kg1 body weight. Afterwards, ewes were placed for their adaptation 
in individual shaded corrals (1.51.7 m) for nine days from 13:00 to 17:00 h. They were 
provided rye grass hay and water ad libitum. The ewes’ silage selection was evaluated for 
20 days. Ewes remained together from 08:00 to 12:00 h and were offered 700 g animal1 
rye grass hay and water ad libitum. The selection of the three silages took place between 
13:00 and 17:00 h in the individual corrals with water ad libitum. In each corral, we placed 
a trough with three separate compartments holding 510 g of each silage: 1) corn silage; 2) 
90% corn  10% sunflower silage; and 3) 80% corn  20% sunflower silage. After 17:00 h, 
all animals remained together for the night.
 The assessed variables were: production of fresh forage and dry matter (t ha1); 
bromatological analysis in the laboratory; and which of the three silages the ewes preferred 
(g animal1). In addition, ewes were weighed before and after the experiment with a 200-
kg Torino© hanging crane scale (Mexico) with a 0.5 kg interval.

Data analysis
 Data were subjected to an analysis of variance using the statistical software SAS/STAT 
(2010) and means were compared using Tukey’s test (0.05), before conducting Bartlett’s 
test for homogeneity of variance. The forage production model was as follows: 

  YijTreatiBlockjeij,  (1)

where Yijresponse variable in treatment i, replication j; overall mean; Treatieffect of 
treatment i, where i1, 2, and 3; Blockjeffect of block j; eijrandom error.

 The model used to analyze the consumption preference data was as follows: 

  YijkSupiDayj(SupiDayj)eijk  (2)

where Yijkobserved response in the sampling time in the j-th subsample, i-th sunflower 
inclusion level, in the k-th replication; overall media; Supieffect of the type of 
supplement i, where i1, 2, and 3; Dayjeffect of the sample on time j, where j1... 
20; SupiDayjeffect of the interaction between the i-th type of supplement and the j-th 
sampling day; eijkexperimental error associated with all observations (Yijk).

RESULTS AND DISCUSSION
 We observed a difference between the fresh forage yield (P0.001) and dry forage 
(P0.01; Table 1): 80% corn  20% sunflower was 1.15 times higher than corn monoculture, 
contrary to the findings of Warren (1980), who observed a higher amount of dry matter 
in corn monoculture (11.2 v. 9.3 t ha1). A comparison between the production of fresh 
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corn forage obtained in this study and the results of Velázquez-Martínez et al. (2018) for 
Charcas (4.8 t ha1) and Matehuala (28 t ha1) shows that production in Mineral de 
la Reforma, Hidalgo, is within the range of corns cultivated under rainfed conditions. A 
higher proportion of sunflower resulted in a higher forage yield (P0.01). However, growing 
sunflower is difficult, since its development in soils with a history of weed seedbanks will be 
lower, because selective herbicides for broadleaf weeds cannot be applied.
 The bromatological analysis of silages based on corn monoculture (90% corn  10% 
sunflower, and 80% corn  20% sunflower) did not show any differences (P0.05) regarding 
CP and total digestible nutrients (TDN) (Table 2). However, soluble protein was higher in 
90% corn  10% sunflower (P0.01), which matched a higher score in the production of 
volatile fatty acids. We can therefore assume that microorganisms make better use of forage 
protein for multiplication, which results in a higher production of metabolic protein and 
volatile fatty acids (Velázquez-Martínez et al., 2022). In this regard, Okoruwa and Igene 
(2014) mention that a higher digestibility of neuter detergent fiber (NDF) in rumen results 
in a higher production of volatile fatty acids in the following order: acetate, propionate, 
and butyrate. This phenomenon was observed in the monoculture silage (P0.01). The 
metabolic energy of forage depends on the digestibility and concentration of protein, fat, 
fiber and non-fiber carbohydrates, as well as on carbohydrate type and digestibility (Núñez 
et al., 2014). All these elements affect the ruminants’ consumption of dry matter.
 We observed differences (P0.001; Figure 1) when testing which silages ewes preferred 
to consume; however, there were no differences for time (P0.0784) or interaction 
(P0.8781). The average silage consumption was: 355 g animal1 d1 for 100% corn; 
237 g animal1 d1 for 90% corn  10% sunflower; and 235 g animal1 d1 for 80% corn 
 20% sunflower. Corn monoculture was 1.5 times higher than both combinations. The 
means comparison test showed that ewes preferred the monoculture silage over the corn 
and sunflower silage (P0.01) and that no differences were observed between silages with 
sunflower (P0.05; Figure 1). This could be explained by the lab results, which show that 
the corn silage contained less lignin (P0.001; Table 2). In addition, the content of non-
fiber carbohydrates was higher in the corn silage (P0.01), another reason for ewes to 
like it better. This phenomenon was recorded by Anderson et al. (2010), who mention that 

Table 1. Production in rainfed conditions of fresh corn forage and dry corn fodder, 
and corn  sunflower fodder in Mineral de la Reforma, State of Hidalgo, Mexico.

Proportion of the seeds sowed FM (t ha1) DM (t ha1) 

Corn 100% 22.4 c † 7.0 b

Corn 90%  sunflower 10% 24.8 b 7.4 ab

Corn 80%  sunflower 20% 28.0 a 8.0 a

Average 25.1 7.4

Significancy *** *

SEM 0.32 0.15
† Different lower-case letters in the same column are statistically different averages; 
***P0.001, *P0.05. FMFresh matter, DMDry matter. SEMStandard 
error of the mean.
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Table 2. Chemical composition of three silages produced under rainfed conditions in Mineral de la Reforma, 
Hidalgo, Mexico, and used for selection by ewes.

Variable Corn 100% Corn 90% - 
sunflower 10%

Corn 80% - 
sunflower 20% Significancy  SEM

Crude protein (% ) 10.4 10.2 10 NS 0.07

Soluble protein (%) 59.0 c † 72.5 a 66.0 b 0.01 0.86

ADF (%) 35.4 b 35.9 a 35.8 a 0.01 0.043

NDF (%) 59.3 b 61.1a 61.9 a 0.01 0.18

Lignin (%) 3.2 c 3.6 b 4.6 a 0.001 0.043

DIV 30 h (%) 80.5 a 77.5 b 78.1ab 0.05 0.41

DIV NDF 30 h (%) 67.3 a 65.2 b 64.1b 0.01 0.17

NFC (%) 22.3 a 20.5 c 21.6 b 0.01 0.05

Fat (%) 2.9 a 2.3 b 2.2 b 0.01 0.04

TDN (%) 58.9 59.3 57.5 NS 0.33

NEl (Mcal kg1) 1.19 a 1.16 ab 1.12 b 0.05 0.007

NEm (Mcal kg1) 1.18 a 1.17 a 1.12 b 0.01 0.005

NEg (Mcal kg1) 0.62 a 0.61a 0.55 b 0.01 0.004

ME (Mcal kg1) 2.38 a 2.29 b 2.22 c 0.01 0.01

VFA value 6.27 b 7.16 a 5.48 c 0.001 0.007
† Means with the same letter in the same line are not statistically different (Tukey 0.05). SEMStandard 
error of the mean. NSNot significant (P0.05). ADFAcid detergent fiber. NDFNeutral detergent 
fiber. IVDIn vitro digestibility. NFCNon-fiber carbohydrates. NElNet energy for lactation. NEmNet 
energy for maintenance. NEgNet energy for gain. MEMetabolic energy. VFAVolatile fatty acids.

Figure 1. Ewes’ silage consumption preference in Mineral de la Reforma, Hidalgo, Mexico.
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ewes select their diet based on the crude protein, digestible and non-digestible fiber, and 
lower pubescence of forage materials; therefore, silages with sunflower are less likely to be 
preferred. The ewes’ final average weight after 20 days of silage selection was 49.77 kg. The 
daily weight gain was 0.258 g.
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CONCLUSIONS
 When more forage per surface unit must be produced, the best combination for the site 
under rainfed conditions is 80% corn  20% sunflower. However, ewes preferred the 100% 
corn silage as a result of its lower percentage of neutral detergent fiber and its lower lignin 
content, which improves digestibility.

ACKNOWLEDGMENTS
 We are extremely grateful to Mr. Lino Garnica Pérez for allowing us to use his land and sheep and to 

Grupo El Quebracho de Ahuehuetitla SPR de RL for lending us their drying facilities for the forage materials.

REFERENCES
Anderson, V., Troche, G., Fugal, R. (2010). Preferencia de forrajes introducidos por el ganado vacuno y ovino 

en el Altiplano Boliviano. BIOtecnia 7(3): 42-57.
 Aragadvay-Yungán, R.G., Rayas-Amor, A.A., Heredia-Nava, D., Estrada-Flores, J.G., Martínez-Castañeda 

F.E., Arriaga-Jordan C.M. (2015). Evaluación in vitro del ensilaje de girasol (Helianthus annuus L.) solo y 
combinado con ensilaje de maíz. Revista Mexicana de Ciencias Pecuarias 6(3): 315-327.

Echavarría, Ch. F.G., Serna, P.A., Bañuelos, V.R. (2007). Influencia del sistema de pastoreo con pequeños 
rumiantes en un agostadero del semiárido Zacatecano: II Cambios en el suelo. Técnica Pecuaria en 
México. 45(2). 177-194. 

Escalante-Estrada, L.E., Escalante-Estrada, Y.I., Linzaga-Elizalde, C. (2008). Densidad de siembra del girasol 
forrajero. Agronomía Costarricense. 32(2). 177-182. 

Fassio, A., Cozzolino, D.. Fernández, E. (2001). Girasol, alternativa forrajera. Instituto Nacional de 
Investigación Agropecuaria. El país agropecuario 25-28.

Núñez, H.G., Rodríguez, H.K., Granados, N.J.A., Anaya, S.A., Figueroa, V.U. (2014). Calidad nutricional y 
utilización de forrajes en explotaciones lecheras en la región lagunera. Agrofaz 14(1). 33-41. 

Okoruwa, M.I., Igene, F.U. (2014). Comparison of fermentation kinetics (in-vitro) of Napier grass and fruit 
peels for ruminants: The pattern of organic matter degradability, volatile fatty acid concentration 
estimated methane and microbial biomass production. J. Agriculture and Veterinary Science 7(1). 21-28. 
Doi: 10.9790/2380-07132128

Ramírez-Bautista, A., Sánchez-González, A., Sánchez-Rojas, G., Cuevas-Cardona, C. (2017). Biodiversidad 
del estado de Hidalgo Tomo 1. 1ª ed.  Universidad Autónoma del Estado de Hidalgo. Col. Centro, 
Pachuca de Soto, Hidalgo, México. 26 p.

SAS/STAT. (2010). Statistical Analysis System for windows. Version 9.3. SAS Institute Inc., Campus Drive, 
Cary, North Carolina 27513.

Tomich, T., Rodrigues, J., Gonçalves, L., Tomich, R., Carvalho, A. (2003). Potencial forrageiro de cultivares 
de girassol produzidos na safrinha para ensilagem. Arquivo Brasileiro de Medicina Veterinária e Zootecnia. 
55(6). 756-762. Doi: 10.1590/S0102-09352003000600013

Velázquez-Martínez, M., Mendoza-Guzmán, S., Hernández-Guzmán, F.J., Landa-Salgado, P., Nieto-Aquino, 
R., Mata-Espinosa, M. (2018). Producción forrajera de mijo perla y maíz en el altiplano potosino de 
México. Revista Fitotecnia Mexicana. 41(4). 477-482. Doi: 10.35196/rfm.2018.4.477-482 

Velázquez-Martínez, M., Rodríguez-Ortega, L.T., Rojas-García, A.R., Enríquez-Quiroz, J.F., Santiago-
Hernández, F., Ramírez-Rojas, S.G., Hernández Guzmán, F. J. (2022). Morphology and forage quality 
in buffel, rhodes, and blue grama grasses in Valle del Mezquital: Grasses of semiarid. AgroProductividad 
15(1): 137-143.Doi: 10.32854/agrop.v15i1.2158

Villanueva, D.J., Loredo, O.C., Hernández R. A. (2001). Requerimientos hídricos de especies anuales y 
perennes en las zonas Media y Altiplano de San Luis Potosí. INIFAP, Folleto Técnico Núm. 30 p.

Warren, F.S. (1980). Forage production of corn and sunflower mixtures. Canadian J. of Plant Science 60: 1377-
1382. 


	_GoBack
	_Hlk107348423
	_Hlk107937853
	_Hlk108939098
	_Hlk107601506
	_Hlk52731181
	_Hlk102231398
	_Hlk51882897
	_Hlk102234123
	_Hlk102234216
	_Hlk102234795
	_Hlk108437056
	_Hlk108438063
	_Hlk109047843
	_Hlk109206348
	_Hlk109206407
	_Hlk109206509
	_Hlk109206605
	_Hlk109206707
	_Hlk109206798
	_Hlk109206870
	_Hlk109206976
	_Hlk109207077
	_Hlk109207193
	_Hlk95731022
	_Hlk105073054
	_Hlk44704402
	_Hlk44689604
	_Hlk107356176
	_Hlk107356234
	_Hlk107356211
	_Hlk107356351
	_Hlk107356259
	_Hlk107356816
	_Hlk107590754
	_Hlk107595752
	_Hlk107596861
	_Hlk102118061
	_Hlk102118093
	_30j0zll
	_nf8p39n18zuu
	_Hlk105894207
	_ueww4q6qfgg1
	_Hlk105536253
	_Hlk68174866
	_Hlk105673291
	_Hlk105670336
	_Hlk105673801
	_Hlk63802825
	_Hlk63803110
	_Hlk63803531
	_Hlk63802730
	_Hlk105675008
	_Hlk63803553
	_Hlk63804991
	_Hlk105696039
	_Hlk74907282
	_Hlk74907304
	_Hlk74907326
	_Hlk74907356
	_Hlk74907376
	_Hlk102862320
	_Hlk102856322
	_Hlk102766865
	_Hlk108397017
	_Hlk103508916
	_Hlk102168455
	_Hlk102168455
	_Hlk102795475
	_Hlk102795563
	_Hlk102795602
	_Hlk102795764
	_Hlk102796091
	_Hlk102796533
	_Hlk102796565
	_Hlk102814062

