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The objective was to determine the impact of herbicides on plant growth and to test if the use 

of herbicides could improve the crude protein content in corn for silage. Treatments consisted 

of the post-emergence application of atrazine, atrazine + 2,4-D (two doses) and tembotrione, 

in addition to a herbicide-free control. We evaluated plant growth and crude protein content. 

Reduction of plant height (15%), fresh mass (35%) and dry mass (45%) was observed by 

using atrazine and atrazine + 2,4-D. However, we also observed an increase (mean of 82%) 

of crude protein content by using these herbicides. In addition, atrazine provided the higher 

improvement (124%) in the crude protein content. So, the post-emergence application of 

atrazine alone or combined with 2,4-D reduced plant growth however improving the content of 

crude protein. 

 

Highlighted Conclusion 

Atrazine can double the content of crude protein in corn for silage. 

 
Corn silage is used as an energy and fiber source mainly for dairy cows (Borreani and Tabacco 2010,      

Bernardes 2012), being necessary to improve its nutritional value to decrease the participation of the concentrate in 

the diets with no effect on animal physiology and performance (Silva et al. 2015). The nutritive value of the corn 

silage depends on the hybrid, crop density, growing conditions, degree of maturity and moisture of the crop when 

harvested and ensilage conditions (Satter and Reis 2012). Applying inadequate management practices during crop 

growing may lead to poor-quality silage (Silva et al. 2015). On the other hand, adequate management practices 

permit a well-development of the crop and, as a consequence, it can assure better growing conditions to the crop, 

leading to high-quality silage. 

      Weeds are problematic pests in many crops, competing for light, nutrients and water in addition to allelopathic 

potential and indirect impacts. Weed interference in corn caused an average of 50% yield loss in the United States 

and Canada, which evidenced a loss of 148 million tonnes (over US$ 26.7 billion annually), as observed by    

Soltani et al. (2016). Yield loss occurred due to modification in plant morphology (Wandscheer and Rizzardi 2013), 

biomass accumulation and plant growth (Rajcan and Swanton 2001). Quality of corn can also be affected,   

including corn silage. 

      The control of weeds in corn is based on the use of selective herbicides, as atrazine and mesotrione, with    

non-significant impact on crop yield. However, we do not know if there is some impact (positive or negative) of 

herbicides on corn silage quality. So, the objective was to determine the impact of herbicides on plant growth and 

to test if the use of herbicides could improve the crude protein content in corn for silage. 

 

MATERIAL AND METHODS 

 

The field experiment was carried out in Borá, SP, Brazil (Latitude 22
o
16’11’’ S, Longitude, 50

o
32’04’’ W, Altitude 

582 m). We used seeds of a hybrid corn AG 9045 PRO2YG for silage, being cropped in accordance to EMBRAPA 

(EMBRAPA 2017) and IAC (IAC 1997). Corn was sowed in 0.8-m spaced lines, maintaining 5 plants per meter. 

Experimental plots were composed by seven lines of 10 meters. 
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      Treatments consisted of the application of herbicides (atrazine, 2,4-D and tembotrione) in addition to a 

herbicide-free control. The used herbicide doses were in accordance to manufacturer recommendation, except for 

2,4-D, being: atrazine (800 g ai ha
-1

), atrazine + 2,4-D_low (800 g ai ha
-1

 + 67 g ae ha
-1

), atrazine + 2,4-D_high 

(800 g ha
-1

 + 134 g ae ha
-1

) and tembotrione (84 g ha
-1

). The post-emergence application of the herbicides was 

performed at the V6 corn growth stage (when the growing point and tassel rise above the soil surface), using a CO2 

backpack sprayer, coupled to a 2-m bar with 4 nozzles (TTI-11003 hydraulic nozzles) spaced 0.5 m, and a spray 

volume of 200 L ha-1. The applications were performed during 7h00 am and 9h00 am, with no clouds and slight 

winds. 

      Evaluations of plant growth were performed at the R5 corn growth stage (when all or nearly all kernels are 

dented or denting), when corn was harvested for making silage, according to EMBRAPA (2017). In addition, the 

bromatological analyzis for crude protein determination by Kjeldahl method. 

      The experiment was carried out in a randomized block design with 5 treatments and 4 replicates. Data were 

tested by ANOVA and means were compared by Tukey test, at 5% probability. 

 

RESULTS 

 

We observed plant height (15%), fresh mass (35%) and dry mass (34%) of corn reduced with application of 

atrazine and atrazine + 2,4-D, and no effect of tembotrione, comparing to the control treatment (Figure 1a, 1B and 

1C, respectively). On the other hand, the use of these herbicides increased (82%) the crude protein content (Figure 

1D). In addition, atrazine provided the higher improvement (124%) in the crude protein content in the crop      

(Figure 1D). 

 

 
Figure 1. Plant height, fresh mass, dry mass and crude protein of corn for silage cropped with (atrazine 

(800 g ai ha
-1

), atrazine + 2,4-D_low (800 g ai ha
-1

 + 67 g ae ha
-1

), atrazine + 2,4-D_high (800 g ha
-1
 +          

134 g ae ha
-1

) and tembotrione (84 g ha
-1

) or without (control) using post-emergence herbicides. 

 
DISCUSSION 

 

Atrazine and tembotrione were post-emergence selective herbicides to corn (MAPA 2017), so that we expected no 

impact on plant growth. However, atrazine reduced plant height, fresh mass and dry mass. The selectivity of 

atrazine to corn plants is due to herbicide degradation (Vidal 2001), so that the used dose was probably high to 

plant support the effect of the herbicide, in spite of being a recommended dose. In addition, 2,4-D can cause 

negative impact on corn plants (Pacheco et al. 2007, Dan et al. 2010), depending on the used dose, in spite of 

1A 1B 

1C 1D 
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being a hormonal herbicide that also can provide improvement in plant height, as observed by Cobucci (2004) and 

Cavalcante (2010). 

      Corn is the most widely used, energy-rich and low in protein, mainly lysine, among cereal grains (Teixeira 

1988). It is also rich in pro-vitamin A (beta carotene) and pigments (e.g. xanthophyll). Low levels of tryptophan, 

lysine, calcium, riboflavin, niacin and vitamin D exist in corn plants (Lana 2000). Corn can be used in a variety of 

ways as a bulky source or energy concentrate, being considered a standard energetic food. However, the level of 

proteins in corn silage is not sufficient to supply animal diet requirements. 

      Proteins represent a maximum of 16-18% of total nutrients, if we consider a high performance animal, but they 

may represent less than (10-12%), depending on the category and the gains sought. In this way, the protein 

becomes the second most required nutrient, but in a much lower amount when compared to carbohydrates. Little 

importance is given to the protein concentration of silage, since the main crops used in Brazil (maize, sorghum, 

sugar cane and tropical grasses) are suppliers of carbohydrates and not protein (Silva 2014). According to 

Berchielli (2010), the protein content of corn (9-10%) is poor in lysine and tryptophan (essential amino acids), so 

the importance of the feeds being enriched with other protein sources. According to Lima (2010), the crude protein 

content of corn is related to the nitrogen level of the soil and that, at high levels, there is accumulation of non-

protein nitrogen by the plant. We have also observed that the use of atrazine obtained the highest protein 

accumulation in the plant, and it is very well expressed when compared to the control. So, corn is not a good 

source of crude protein for animal diet (Silva 2014). However, providing an improvement of crude protein in the 

silage, associated with a lower plant growth (as we found by using atrazine), is an important result for the system of 

production. It is because less biomass was produced in relation to a gain in the quality of silage (crude protein). 

      We concluded that the post-emergence application of atrazine alone or combined with 2,4-D at the V6 growth 

stage can improve the content of crude protein in corn for silage. 
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