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Abstract

This study aimed to evaluate the selectivity of the acetolactate synthase (ALS) inhibitor recommended herbicides
for upland rice cultivars on different developmental stages. The experiment was conducted in the field, in Nova
Xavantina-MT, Mato Grosso, Brazil, from season 2009/2010. The experimental design was the one of randomized
blocks in factorial scheme, composed by the herbicide treatments penoxsulam (36 g ha™); bispyribac-sodium (50 g
ha™); pyrazosulfuron-ethyl (20 g ha™) and weeded control. Herbicides were applied at three times: 15, 30 and 45
days after emergence (DAE) with four replications in two upland rice cultivars: BRS Pepita and BRS Monarca. At
7, 14 and 28 days after application (DAA) the following assessments were performed: phytotoxicity to the crop,
plant height, dry weight, number of panicles m?, grains per panicle’ and productivity. The highest levels of
phytotoxicity were observed in plants treated with bispyribac-sodium applied at 15 and 30 DAE. The rice plants
were able to recover as for height influenced by herbicides from 14 DAA. The dry weight of plants was not
affected by herbicide application. Since they have not reduced the grain productivity, the herbicides tested, when
applied at 30 DAE, have showed their potential to be used only in BRS Monarca cultivar.
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1. Introduction

The Brazilian rice production is spread across the country with two main types of basic production systems, upland
rice and irrigated one. In the Cerrado region there is predominantly upland rice, known to have a lower production.
However, its usage has been growing as for crop rotation with soybeans, due to lower production cost, demand,
attractive price (Pacheco et al., 2011), maintenance of soil fertility (Costa, Bayer, Albuquerque, & Fontoura, 2004)
and disruption of biological cycles of pests and diseases (Gasparim, Ricieri, Silva, Dallacort, & Gnoatto, 2005).

The culture of upland rice, undemanding in inputs and with good tolerance to acid soils, had played a significant
role as an opening cultivar to new areas during the agricultural occupation of the Cerrado region, started in the 60s
(Pinheiro, 2006). In the Cerrado region, the rice farmers are returning to old areas and gradually generating the new
status of rice as main crop (Beling, 2007). despite its strong sensitivity to climatic factors.

The development of rice cultivars with higher yield potential, combined with high fertility in soils earlier
cultivated with soybean has provided high yields of upland rice and profitability for the farmer. However, the
inclusion of this cultivar in general in the area of soybean seeding has presented some problems, such as the
difficulty for weed control, since most of the areas cultivated with soybeans are highly infested by many species
(Pacheco et al., 2009), moreover, the upland rice presents few herbicide options, what increases the risk of such
activity.

According to Cobucci and Portela (2001), the lack of products and technology for weed control in upland rice
cultivars, coupled with the low capacity of the rice to compete with these weeds, is one of the major obstacles to
the introduction of this cultivar to agricultural systems. Considering chemical control of weeds has been an
essential tactic to large-scale cultivation (Rajguru, Burgos, Shivrain, & Stewart, 2005). Studies to evaluate options
of herbicides with the potential to be used in post-emergence of rice cultivar can contribute to the integrated
management (Andres, Freitas, Concengo, Melo, & Ferreira, 2007).
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Among the herbicides used in integrated weed management in rice, we highlight the ALS enzyme inhibitors
(acetolactate synthase), key to the processes of biosynthesis of amino acid branched chain (valine, leucine and
isoleucine) (Petter, Zuffo, & Pacheco, 2011). Herbicides with this way of action are highly used in systems of
irrigated rice cultivation and little used in upland rice ones. According to Leite et al. (1998) and Vidal (2002) these
products have presented a broad spectrum of action, low toxicity to humans and animals and high capacity of
translocation in plants.

As for the rice grown in irrigated system, there are several studies evaluating the efficiency in the use of herbicides
(Concengo et al., 2006; Machado, Barros, Zimmer, & Amaral, 2006; Sanchotene, Dornelles, Perini, Gongalves, &
Estevo, 2009). However, upland rice, since it is considered, wrongly, as a marginal crop in the Cerrado and of low
cost, has not attracted interest from private companies to afford studies to provide new herbicide options for this
crop system.

Since studies on the effect of ALS inhibitors in controlling the weeds in upland rice cultivation are scanty, the
present study aims to evaluate the effectiveness of ALS inhibitor herbicides on irrigated upland rice cultivars on
different developmental stages

2. Materials and Methods

The experiment was conducted in the field, in Nova Xavantina, Mato Grosso, Brazil (14° 41' S; 52° 20' W; 310
m.a.s.l.) in the period from season 2009/2010, on soil classified as Oxisol (Empresa Brasileira de Pesquisa
Agropecuaria [EMBRAPA], 2006). The textural analysis of soil, at 0-0.20 m layer was 400 g kg™ clay, 100 g kg™
silt and 500 g kg sand. The chemical compositions of soil are given in Table 1.

Table 1. Chemical composition of soil (0-0.20 m) of the experimental area before the experiment installation, the
2009-2010 harvest in Nova Xavantina, Mato Grosso, Brazil

pH P (Mehlich) K Ca Mg Al  H+Al oM.
CaCl,  --—--- mg dm? - - cmol, dm™ ----- —-gdm?®--
52 11,6 70,0 27 08 01 52 29,0

V2 CEC’ Fe B Mn Zn Cu S

% cmol, dm” mg dm

41 8,8 44 02 24 1,5 24 6,4

'0.M.: organic matter; “V%: base saturation; *CEC: cation exchange capacity.

The climate is Aw according to Képpen classification, with two well defined seasons, with a drought one that lasts
from May to September and a rainy one that goes from October to April. The weather conditions during the
experiment are shown in Figure 1.
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Figure 1. Precipitation (mm) and temperature (°C) occurred monthly during the experiment. (Source:
Experimental Station Inmet in Nova Xavantina, Mato Grosso, Brazil)
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The rice rainfed was grown in conventional tillage, being performed an operation of tillage with harrowing two
days before sowing. The area had a history of soybean cultivation for five consecutive years. The sowing of rice
cultivars (BRS Pepita and BRS Monarca) was held on December 22, 2009, with row spacing of 0.20 m and with
80-90 seeds distributed per meter of furrow. The basic NPK fertilization consisted of 150 kg ha™ of the formula
(05-25-15) distributed along the furrows. Fertilization of the yield covering was performed by applying 160 kg ha™
of the formula 20-00-00, divided at 25 and 35 days after emergence (DAE).

The experiment was conducted in a factorial design, using a randomized block design with four replications. The
treatments consisted of herbicides penoxsulam (36 g ha™"), pyrazosulfuron-ethyl (20 g ha™") and bispyribac-sodium
(50 g ha™"), applied three times: 15, 30 and 45 days after emergence (DAE) and weed control in two cultivars of
upland rice: BRS Pepita and BRS Monarca. Each plot consisted of 4 m wide (twenty lines of cultivar) and 4 m long.
As for the usable area, 0.5 m on each side of the plot and 0.5 m in the extremities were dropped out, accounting for
9 m” of usable area.

The herbicide application was done by using a backpack sprayer pressurized with CO,, the bar coupled with four
spray nozzles bar XR 110.02, with constant pressure of 2 kgf cm™, applying spray volume equivalent to 125 L ha™.

During the cultivar development phytosanitary treatment was perfomed, with an application of the insecticide
methamidophos (420 g ha™) and an application of the fungicide tricyclazole (225 g ha™") when the cultivar was 5%
of the issued panicles.

At 7, 14 and 28 days after application (DAA) of herbicides the following observation were recorded: a) the
phytotoxicity to the cultivar, through visual score ranging from 0 to 100% compared to control, in which zero
represents the absence of injuries , and 100% stands for the death of plants; b) plant height, measuring 20 random
plants per plot, through the use of graduated tape; c) dry weight of plants, collecting 10 plants per plot and then
drying them in forced circulation greenhouse at 70 °C for 72 hours. In pre-harvest, the number of panicles per m™
and number of grains per panicle’ were evaluated and, at harvest, the productivity was measured, with
standardization to 13% moisture content in grains.

The data were subjected to analysis of variance, being the averages of the significant variables grouped by Tukey
test at 5% significance level, using the statistical program Sisvar. For the analysis of phytotoxicity data, they were
transformed into Arc-sin (x + 1)°°, however, the values presented are the original averages.

3. Results and Discussion

Regardless of cultivar, phytotoxic effect was observed only as for bispyribac-sodium application at 15 and 30 days
after emergence (DAE) (Table 2). The visual damage in BRS Pepita, when the herbicide was applied at 15 DAE,
was more intense at 14 and 28 days after application (DAA), from 4% at 7 DAA to 16% at 14 and 28 DAA. In the
application at 30 DAE, the phytointoxication symptoms were detected during the evaluation period. In BRS
Monarca, regardless of the evaluation period, the applications at 15 and 30 DAE provided visual damage with 20%
injury, characterized by a slight chlorosis on the leaves. These results corroborate those obtained by Petter et al.
(2011), who have found visual phytotoxicity symptoms up to 37% in upland rice cultivar cv. Cambara.

The phytotoxic effect characterized by chlorosis is typical of herbicides with physiological action, there is,
products with good translocation and directly interference in the metabolism of plants, which is the case of
bispyribac-sodium (Rodrigues & Almeida, 2005). The plant tolerance to ALS inhibitor herbicides is related to an
alteration of the gene responsible for encoding this enzyme (Tranel & Wright, 2002). An increased ability of the
crop to metabolize the herbicide, coupled with the morphological differentiation of plants, such as cuticle
thickness (Vidal, 2002) and high leaf area index (Stone & Pereira, 1994) at 45 DAE, may explain the absence of
toxic effect on plants when the herbicide bispyribac-sodium was applied in this period. Despite the physical and
chemical constitution of the cuticle being the same at different stages of development, cuticles of younger leaves
are more permeable (Silva, Freitas, Ferreira, & Fontes, 2009) because they have lower lipid composition, besides
the occurrence of genetic alterations in each upland rice cultivar (Corbett & Tardiff, 2006).

These results demonstrate that the use of bispyribac-sodium until the 30 DAE may compromise the cultivar
development, particularly in conditions of water deficit, since the ability of metabolizing the product is impaired
due to the reduction of the plant metabolism. According to Taiz and Zeiger (2009), the metabolism of plants is
reduced in water deficit conditions.

Only BRS Monarca had the plant height significantly influenced (p<0.05) by herbicide application (Table 3). This
effect was observed in the applications made at 15 and 30 DAE and only during the first assessment at 7 DAA. Just
an early application of the bispyribac-sodium herbicide at 15 DAE resulted in reduced plant height, and only in the
evaluation at 7 DAA, whereas as for the subsequent evaluations (14 and 28 DAA), no effect was detected over this
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herbicide. In the application at 30 DAE, for all herbicides a reduction in plant height was observed at 7 DAA, with
the largest decreases observed for pyrazosulfuron-ethyl and bispyribac-sodium, which have decreased by 20%
plant height if compared to the control without herbicide. However, as for the assessments at 14 and 28 DAA a
significant difference for this variable was no longer detected, showing good resilience of these cultivars to the
deleterious effect of these herbicides. Similar behavior was observed by Petter et al. (2012) in plants of upland rice
cv. BRS Sertaneja, in which plants recovered from the deleterious effects in their height due to the application of
herbicides bispyribac-sodium, penoxsulan and pyrazosulfuron-ethyl.

Table 2. Phytotoxicity in rice cultivars submitted to the application of herbicides at different times after crop
emergence, the 2009-2010 harvest in Nova Xavantina, Mato Grosso, Brazil

Injury (%)
Herbicides (rate g ha™) Application time* 7 DAA** 14 DAA** 28 DAA**
BRS Pepita BRS Monarca BRS Pepita BRS Monarca BRS Pepita BRS Monarca

penoxsulam (36) 0,0a 0,0a 0,0a 0,0a 0,0a 0,0a
pyrazosulfuron-ethyl (20) 15 DAE 0,0a 0,0a 0,0a 0,0a 0,0a 0,0a
bispyribac-sodium (50) 3,7b 20b 16b 20b 16b 20b
control 0,0a 0,0 a 0,0 a 0,0a 0,0a 0,0a
Average 1,0A 5,0B 2,0A 5,0B 2,0A 5,0B
penoxsulam (36) 0,0 a 0,0a 0,0a 0,0a 0,0a 0,0a
pyrazosulfuron-ethyl (20) 30 DAE 0,0a 0,0a 0,0a 0,0a 0,0a 0,0a
bispyribac-sodium (50) 20b 20b 20b 20b 20b 20b
control 0,0a 0,0 a 0,0 a 0,0a 0,0a 0,0a
Average 50B 50B 50B 5,0B 5,0B 5,0B
penoxsulam (36) 0,0™ 0,0™ 0,0™ 0,0™ 0,0™ 0,0™

razosulfuron-ethyl (20 0,0 0,0 0,0 0,0 0,0 0,0
E?spyribac-sodium }(/50) ) 45 DAE 0,0 0,0 0,0 0,0 0,0 0,0
control 0,0 0,0 0,0 0,0 0,0 0,0
Average 0,0 A 0,0 A 0,0 A 0,0 A 0,0 A 0,0 A

Means followed by same lowercase letters in the column, and capital letters in the column of averages, not
statistically different by Tukey test (5%). * Days after crop emergence. ** Days after herbicide application. ™ — not
significant.

Table 3. Height of rice plants after herbicide application at different times after crop emergence, the 2009-2010
harvest in Nova Xavantina, Mato Grosso, Brazil

Height of plants (cm)
Herbicides (rate g ha™) Application time* 7 DAA** 14 DAA** 28 DAA**
BRS Pepita BRS Monarca BRS Pepita BRS Monarca BRS Pepita BRS Monarca
penoxsulam (36) 37 31 AB 53" 47" 76" 66"
pyrazosulfuron-ethyl (20) 35 35A 53 49 75 69
T . 15 DAE
bispyribac-sodium (50) 31 28 B 52 42 74 58
control 37 37A 58 50 76 73
penoxsulam (36) 70™ 60 B 75™ 64™ 83™ 75™
razosulfuron-ethyl (20 69 58 B 74 69 83 73
p?’ . . ¥120) 30 DAE
bispyribac-sodium (50) 69 58 B 71 65 76 71
control 73 72A 78 75 85 77
penoxsulam (36) 80™ 70 ™ 83™ 71" 9 ™ 90™
razosulfuron-ethyl (20 82 71 85 71 95 90
p?/ . . v1(20) 45 DAE
bispyribac-sodium (50) 78 77 81 77 87 91
control 83 78 85 85 104 96

Means followed by the same letters in the same columns do not differ by the Tukey test at 5% probability. * Days
after crop emergence. ** Days after herbicide application. ™ — not significant.
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Similarly, Sanchotene et al. (2009) have found that rice varieties showed no reduction in plant height from 30 days
after penoxsulam and bispyribac-sodium herbicide application. It is noteworthy that the ability of plants to
metabolize compounds is directly related to their metabolic activity, being more intense near the flowering stage.
The lack of effect as for late application of herbicides (45 DAE) on plant height was expected, because early
maturity cultivars of upland rice (105-115 days), usually at 45 DAE have already ceased height growth of plants.
According to Fornasieri Filho and Fornasieri (2006) rice cultivars with 155 DAE cycle present vegetative phase
around 50 days.

There was no significant effect (p<0.05) of herbicide application on dry matter accumulation, regardless of time of
application and evaluation (Table 4). Similar results were obtained by Petter et al. (2011), who have found no
reduction in dry matter accumulation by applying bispyribac-sodium, penoxsulan and pyrazosulfuron-ethyl in
upland rice, however, it differs from those observed by Concenco et al. (2007), in which various dosages of
bispyribac-sodium reduced height and dry weight of plants in two irrigated rice cultivars. This way, a different
behavior of upland and irrigated rice cultivars is evident, when subjected to the application of these herbicides.

Table 4. Dry weight of rice plants after herbicide application at different times after crop emergence, the
2009-2010 harvest in Nova Xavantina, Mato Grosso, Brazil

Dry weight (g 10" plants)

Herbicides (rate g ha™) Application time* 7 DAA** 14 DAA** 28 DAA**

BRS Pepita BRS Monarca BRS Pepita BRS Monarca BRS Pepita BRS Monarca

penoxsulam (36) 1,9™ 1,7 4,5™ 3,3™ 9,8™ 11
pyrazosulfuron-ethyl (20) 2,2 1,7 3,9 3,5 13 8,5
15 DAE
bispyribac-sodium (50) 2,4 1,9 4,1 2,7 11 8,2
control 2.5 2.3 5,0 3,5 12 12
penoxsulam (36) 7,1™ 6,6™ 12" 9,8"™ 18™ 17"
pyrazosulfuron-ethyl (20) 7,9 5,0 11 9,5 16 15
30 DAE
bispyribac-sodium (50) 7,2 6,5 11 11 18 16
control 8,3 6,7 13 12 20 20
penoxsulam (36) 14 e 16" 13" 25" 221
pyrazosulfuron-ethyl (20) 14 10 20 16 23 29
45 DAE
bispyribac-sodium (50) 12 12 19 15 22 22
control 15 13 20 17 25 34

Means followed by the same letters in the same columns do not differ by the Tukey test at 5% probability. * Days
after crop emergence. ** Days after herbicide application. ™ — not significant.

The application as early as possible, at 15 DAE, did not influence significantly the number of panicles per m?,
independently of cultivar and the herbicide used (Table 5). As for BRS Pepita, there has been a reduction in the
number of panicles per m™ with the application of pyrazosulfuron-ethyl at 30 and 45 DAE. As for BRS Monarca,
a reduction in number of panicles per m™? was observed only with the application at 45 DAE, regardless of
herbicide used. These results corroborate those obtained by Petter et al. (2012), who have also found a reduction in
the number of panicles per m™ with the application of these herbicides at 45 DAE in upland rice.

The number of grains panicle” was significantly (p<0.05) affected by herbicide application only in BRS Monarca
regardless of application timing (Table 5). In the application at 15 DAE, all herbicides reduced the number of
grains panicle™, especially pyrazosulfuron-ethyl, which provided 34% reduction for this variable if compared to
the control. In the application at 30 DAE, only herbicides pyrazosulfuron-ethyl and bispyribac-sodium reduced the
number of grains panicle”’. In the application at 45 DAE, there has been an effect of penoxsulam and
pyrazosulfuron-ethyl herbecides, which decreased by 34% and 27%, respectively, the number of grains panicle™.
These results are similar to those obtained by Petter et al. (2011), who have found a 30% reduction in the number
of grains panicle” with the application of pyrazosulfuron-ethyl at 45 DAE in upland rice cv. Cambara. According
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to these authors, this effect can be attributed to the fact that at the time of application, although the number of
panicles was already set, the number of grains panicle” was yet to be defined.

However, Petter et al. (2012) have found no effect of these herbicides in the number of grains panicle for cv. BRS
Sertaneja. These contrasting results are due to variations in the behavior of rice cultivars concerning the sensitivity
to ALS inhibitor herbicides, which is associated with genetic variations of various materials (Geraldo, Rossiello,
Araujo, & Pimentel, 2000).

Table 5. Panicle, grains per panicle and grain yield of rice cultivars after application of herbicides at different times
after crop emergence, the 2009-2010 harvest in Nova Xavantina, Mato Grosso, Brazil

Grain yeld

N° panicle m” N° grains panicle”
Herbicides (rate g ha')  Application time* kg ha™'

BRS Pepita BRS Monarca BRS Pepita BRS Monarca BRS Pepita BRS Monarca

penoxsulam (36) 155™ 109™ 85™ 80b 1898 b 771b
pyrazosulfuron-ethyl (20) 173 95 88 790 1977 b 1004 a
15 DAE
bispyribac-sodium (50) 170 99 102 86 b 1997 b 710 b
control 205 145 103 116 a 2769 a 1191 a
Average 175 A 112A 95 A 90 A 2160 A 919 A
penoxsulam (36) 196 a 135 84™ 110 ab 2034 b 990™
pyrazosulfuron-ethyl (20) 134 b 99 83 85b 1735 b 942
30 DAE
bispyribac-sodium (50) 188 ab 109 96 88Db 2061 b 975
control 205a 145 103 116 a 2769 a 1191
Average 180 A 122 A 91 A 100 A 2149 A 1024 A
penoxsulam (36) 175a 49b 102" 78 b 1312b 562 b
pyrazosulfuron-ethyl (20) 114 b 81b 101 85b 916 b 796 b
45 DAE
bispyribac-sodium (50) 149 ab 73 b 104 109 ab 543 ¢ 863 b
control 205 a 145 a 103 116 a 2769 a 1191 a
Average 160 B 78 B 102 A 97 A 1385 B 853 B

Means followed by same lowercase letters in the column, and capital letters in the column of averages, not
statistically different by Tukey test (5%). * Days after crop emergence. ** Days after herbicide application. ™ — not
significant.

The negative effects of these herbicides in the number of panicles and grain panicle” can be explained by the same
mechanism of action, since they are molecules capable of inhibiting the ALS enzyme involved in the biosynthesis
of amino acids, which are precursors of protein synthesis and growth of meristematic structures (reproductive) and
may affect the development of panicles, number of spikelets per panicle and the number of grains per panicle. Ray
(1984) and Claus (1987) have reported that the ALS inhibitors when absorbed, are translocated into meristematic
regions, inhibiting cell division, causing a decrease in the growth and death of tissues.

The grain yield of BRS Pepita was significantly (p<0.05) affected by herbicide application regardless of
application timing (Table 5). The lowest yields of BRS Pepita were verified by applying pyrazosulfuron-ethyl and
bispyribac-sodium, being 45 DAE the time for the application of herbicides which provided the greatest reduction.
As for BRS Monarca, only applications at 30 DAE did not significantly affect grain yield. These results
corroborate those obtained by Cobucci and Portela (2001), who have observed that the most appropriate time for
the post-emergence application of herbicides in different cultivars of upland rice was at 30 DAE.

In general, it is expected that the harmful effect of herbicides to yield is a reflection of fewer grains and grains
panicle”’, even if not often significant. However, it appears that as for the BRS Monarca, even with the smallest
number of grains panicle” with the application at 30 DAE, the yield was not affected, while as for BRS Pepita,
even with no effect of herbicides and application time for this variable an effect on the final yield has been
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observed. It is clearly evident that the yield of upland rice should be treated with caution for possible verification of
the sensitivity of the cultivar to the ALS inhibitor herbicides. Studies have shown that variables such as number of
panicles and grain yield may not correlate with the production (Stone & Moreira, 2000; Oliveira, Carvalho, &
Moraes, 2002), due to the unevenness in the booth, as well as for production components such as radiation, which
makes their measurement much more difficult and, consequently, provides high coefficients of variation.

Data from this study, combined with results of Petter et al. (2011) and Petter et al. (2012), clearly show the
different behavior of upland rice cultivars to the ALS inhibitor herbicides and one should, therefore, perform
similar works, whenever he wishes to apply them in a particular cultivar, there is, one cannot extrapolate the
recommending use of these herbicides for all upland rice cultivars.

The low average productivity observed in the experiment (Table 5) is due to the occurrence of dry periods during
the harvest (Figure 1), coinciding with the reproductive stage of cultivar (Feb/10). Water stress is primarily
responsible for low productivity and instability of upland rice (Steinmetz, Silva, & Santana, 2006).

4. Conclusions

The herbicide bispyribac-sodium causes phytotoxicity in rice cv. BRS Pepita and BRS Monarca, when applied at
15 and 45 days after crop emergence. The herbicides tested did not influence the dry matter accumulation in BRS
Pepita and BRS Monarca. BRS Pepita has a sensitivity to the herbicide pyrazosulfuron-ethyl concerning the
number of panicles m™, while BRS Monarca presents a sensitivity to pyrazosulfuron-ethyl and penoxsulam as for
the number of grains panicle’. BRS Pepita is highly sensitive to herbicides, while BRS Monarca has good
tolerance to these herbicides applied at 30 DAE.
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