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Abstract The interaction between glyphosate and ﬂuroxypyr for mallow control (M. parviflora L.) was evaluated under ﬁeld and greenhouse conditions. In the ﬁeld, ﬂuroxypyr at 0.2 and 0.3 kg ae/ha, and glyphosate at 1.08 kg ae/ha, were applied separately and mixed. In the greenhouse experiments, ﬂuroxypyr at 0.11, 0.14 and 0.21 kg ae/ha and glyphosate at 0.72, 1.08 and 1.44 kg ae/ha were applied separately and in mixtures. In the ﬁeld, neither glyphosate nor ﬂuroxypyr controlled mallow, when they were applied separately. In the greenhouse, when the herbicides were applied separately, only ﬂuroxypyr at the highest rate (0.21 kg ae/ha) was effective for mallow control. On the other hand, a positive effect on mallow control was observed when the mixtures of glyphosate and ﬂuroxypyr were applied in ﬁeld and greenhouse experiments, compared to the efﬁcacy of each compound applied separately. According to Colby’s method, results showed that the combined application of glyphosate and ﬂuroxypyr acted synergistically for mallow control. r 2002 Elsevier Science Ltd. All rights reserved. Keywords: Mallow; Malva parviflora; Glyphosate; Fluroxypyr; Herbicide; Interaction; Synergism



1. Introduction Mallow (Malva parviflora L.) is a biennial or perennial dicotyledonous weed that presents an extensive and sometimes woody root system. It reproduces by hard seeds, which can emerge during the entire year. It also possesses the ability for regrowth after being cut up to the crown area, or when being partially affected by herbicides. Its relative tolerance to glyphosate has allowed mallow to become an important weed in orchards and vineyards in Chile, where glyphosate has been used repeatedly. The importance of the Mallow family species, has also increased in New Zealand (Dastgheib and Frampton, 2000) and Canada (Makowski and Morrison, 1989). In Spain, the increase in the frequency of the Malvaceae species in an olive orchard, has been attributed to repeated glyphosate * applications (Munoz-Cobo, 1989). The fact that these species tolerate glyphosate ﬁeld applications has led to a search for more effective *Corresponding author. Tel.: +56-2-686-4111; fax: +56-2-5520780. E-mail address: [email protected] (R. Chorbadjian).



herbicide treatments. Thus, the potential use of ﬂuroxypyr (acid 4-amin-3,5-diclor-6-ﬂur-2-pyridyloxyacetic) has been pointed out to control Malva spp. (Velilla, 1997). Moreover, Boatman and Bain (1992) have reported susceptibility of M. silvestris to ﬂuroxypyr at 0.2 kg ai/ha. However, the effect of ﬂuroxypyr or its mixture with glyphosate has not been studied on M. parviflora. In previous ﬁeldwork conducted at three different orchards (data not shown) the authors observed a better M. parviflora control, when glyphosate and ﬂuroxypyr were applied combined. The advantage of mixing certain herbicides will depend on their interaction, which is classiﬁed as synergy, aditivity or antagonism (Hatzios and Penner, 1985; Akobundu et al., 1975). A synergistic interaction is most desirable since it may allow the reduction in dose of applied herbicides without diminishing activity. Different evaluation methods have been proposed to determine the interaction between two herbicides applied in mixture; Colby’s method (Colby, 1967) has been extensively used by numerous authors to evaluate the combined activity of glyphosate with other herbicides. Thus, tank mixtures of glyphosate with 2,4-D or dicamba (Flint and Barrett, 1989) or with imazetapyr
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(Starke and Oliver, 1998) have shown a synergistic interaction. No studies have been performed for the speciﬁc case of M. parviflora. It has been only indicated that small rates of lactofen (0.3–0.6 g ai/ha) plus glyphosate (0.5 kg ae/ha) increased glyphosate absorption causing a larger shikimate accumulation in distant tissues to the treated leaves (Wells and Appleby, 1992). The objective of this research was to study and classify the activity of the herbicide mixture of glyphosate and ﬂuroxypyr for mallow control, both under ﬁeld and greenhouse conditions.



2. Materials and methods 2.1. Field experiments Field experiments were conducted at an apple orchard (var. Royal Gala) located at the locality of Paine, 40 km south of Santiago. In the selected plot area, mallow plants were (5–10 cm tall) growing evenly at a high density (250 plants/m2). Herbicide treatments provided by the combinations of glyphosate (0 or 1.08 kg ae/ha) and ﬂuroxypyr (0, 0.2 or 0.3 kg ae/ha) were applied with a back pack sprayer equipped whit anti-drift nozzle (IMPAC 1601) and using an application volume of 200 l/ ha at 255 kPa. According to experiences acquired in preliminary research, evaluations were conducted 50 days after application (DAA) in order to allow regrowth of plants that were subjected to sub-lethal rates of the studied herbicides. For the same reason, mortality percentage of the treated plants was evaluated. This percentage was determined by dividing the number of dead plants by total plant number. A plant was considered dead when it did not present any green tissue. The experimental design was complete randomized blocks with ﬁve replications. Each replication corresponded to a 7 m2 area. Results were subjected to Fisher’s protected LSD at the 5% level of signiﬁcance. This experiment was repeated during two seasons (1999 and 2000); results were subjected to analysis of variance (ANOVA) and revealed no signiﬁcant factor by year interaction, therefore, only results of the last year are presented. 2.2. Greenhouse experiments To obtain mallow plants, seeds of M. parviflora were manually scariﬁed with a scalpel and were allowed to germinate in a germination chamber (LEEC SL-3) at 251C for 48 h. Then, 3–4 mm seedlings were transplanted to speedling trays and maintained in the greenhouse with a temperature cycle of 151/251C and illuminated artiﬁcially with 14/10 h day/night cycles during 19 days. Mallow plants at the two leaf stage were transplanted to



1 l plastic pots and were fertilized with 5.6 ml urea solution equivalent to 80 kg/ha of nitrogen. The herbicide treatments given by the factorial combination of glyphosate (0.0; 0.72; 1.08 and 1.44 kg ae/ha) and ﬂuroxypyr (0.0; 0.11; 0.14 and 0.21 kg ae/ha) were applied to mallow plants of 16 extended leaves and 7.5 cm height (34 days after transplanting). Herbicide treatments were applied with an electric back pack sprayer equipped with pressure gauge and an anti-drift nozzle (IMPAC 1601). The application volume used was 215 l/ha at constant 255 kPa. Glyphosate and ﬂuroxypyr rates were determined based on previous ﬁeld observations, to cause a plant growth inhibition near to 50%, with respect to the control. This damage level is desirable since it has been thoroughly pointed out as the most sensitive to determine the effect of herbicide combinations (Akobundu et al., 1975; Colby, 1967; Hatzios and Penner, 1985). Fifty days after application, the percentage of mallow plants mortality was determined. It was calculated according to the number of green leaves presented by each plant with respect to the control. Thus, no green leaves represented 100% mortality. The experimental design was complete randomized blocks with six replications, in which each plant pot corresponded to one replication. The observed levels of mortality were compared using Fisher’s Protected LSD at the 5% level of signiﬁcance. 2.3. Interaction analysis To classify the interaction between both herbicides, the results were analyzed based on the method described by Colby (1967). Thus, the expected percentage of mallow plant mortality was calculated for the combined application of both herbicides (Eq. (1)). Ei ¼ 100  ½ðð100  XiÞð100  YiÞÞ=100;



ð1Þ



where Ei is the percentage of expected mortality with the herbicides X and Y at xi and yi rates, respectively, Xi the observed percentage of mortality with the herbicide X at xi rate and Yi the observed percentage of mortality with the herbicide Y at yi rate. Expected values were separated from observed values using a t-test for matched samples (Po0:05), according to Flint et al. (1988). Thus, if the difference among the observed minus the expected values was signiﬁcantly negative, the interaction between both herbicides corresponded to an antagonism. On the other hand, if the difference was positive, both herbicides acted synergistically. If the difference was not signiﬁcant, the interaction was considered additive.
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Table 1 Effect of glyphosate and ﬂuroxypyr on mallow plants mortality (%) under ﬁeld conditions (50 DAA)



Table 2 Effect of glyphosate and ﬂuroxypyr on mallow plants mortality, under greenhouse conditions (50 DAA)



Herbicide treatments



Rate (kg ea/ha)



Mallow plants mortality (%)a



Herbicide treatments



Rate (kg ea/ha)



Mallow plants mortality (%)a



Fluroxypyr



0.2 0.3 1.08 0.2+1.08 0.3+1.08



31 53 29 91 (51)* 94 (66)* 13.2



Fluroxypyr



0.11 0.14 0.21 0.72 1.08 1.44 0.11+0.72 0.11+1.08 0.11+1.44 0.14+0.72 0.14+1.08 0.14+1.44 0.21+0.72 0.21+1.08 0.21+1.44



39.9 37.6 98.2 37.6 66.6 74.7 79.5 (63.5)* 95.2 (81.6)* 85.6 (84.7) 92.9 (60.8)* 94.9 (82.6) 98.6 (86.1) 100 (98.6) 100 (98.8) 100 (99.0) 18.6



Glyphosate Fluroxypyr+glyphosate LSD0.05b



Glyphosate



Fluroxypyr+glyphosate



a



Values in parentheses are the expected level of mortality calculated for the herbicide combination using Colby’s (1967) method. b LSD values are used to compare observed levels of mortality only, and do not apply to expected values in parentheses. *Signiﬁcant synergism at Po0:05:



LSD0.05b



3. Results and discussion



a



Values in parentheses are the expected level of mortality calculated for the herbicide combination using Colby’s (1967) method. b LSD values are used to compare observed levels of mortality only, and do not apply to expected values in parentheses. *Signiﬁcant synergism at P o 0.05.



3.1. Field experiments When glyphosate and ﬂuroxypyr were applied separately, none produced an acceptable percentage of mallow plants mortality (Table 1). These results corroborated the tolerance of mallow to these herbicides. Even though ﬂuroxypyr was more effective than glyphosate, its highest rate induced only a mallow mortality near 50%. However, when both herbicides were applied in mixture, an excellent mallow control was obtained (>90%).



3.2. Greenhouse experiments Mallow plants mortality was higher in the greenhouse than in the ﬁeld, when both herbicides were applied separately. However, except ﬂuroxypyr at the highest rate (0.21 kg ae/ha), none produced an acceptable percentage
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10 cm Fig. 1. Effect of glyphosate and ﬂuroxypyr on M. parviflora grown in the greenhouse (50 DAA). 1=control; 2=ﬂuroxypyr 0.11 kg ae/ha; 3=glyphosate 0.72 kg ae/ha; 4=glyphosate 1.08 kg ae/ha; 5=glyphosate 0.72 kg ae/ha+ﬂuroxypyr 0.11 kg ae/ha; 6=glyphosate 1.08 kg ae/ ha+ﬂuroxypyr 0.11 kg ae/ha.
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of mortality in mallow plants (Table 2). On the other hand, results showed that the addition of small rates of ﬂuroxypyr to glyphosate improve mallow control. The observed percentages of mortality in mallow plants produced by the combined application of both herbicides was higher than expected, conﬁrming the positive effect of both products applied in mixture (Tables 1 and 2). Statistical evidence (Po0:05) exists to conﬁrm that both products acted synergistically in the ﬁeld and only at some rates when applied in the greenhouse experiments. The effect of the mixture glyphosate–ﬂuroxypyr on mallow growing in the greenhouse can be seen in Fig. 1. Mallow plants in the ﬁeld were always less sensitive to both glyphosate and ﬂuroxypyr than those under greenhouse conditions. At ﬁeld level, mallow plants population was very high, which meant that the taller ones partially or totally cover the smallest. For that reason, under ﬁeld conditions not all plants received the desired amount of the herbicides. The synergistic interaction between low rates of glyphosate and ﬂuroxypyr improved the control of those plants that received less herbicide because of leaf canopy. Since ﬁeld-growing mallow generally tolerates glyphosate applications, it is important to have other alternatives for its control. Thus, by means of these results it is possible to demonstrate that the effectiveness of glyphosate and ﬂuroxypyr is higher when applied in mixture. Even a relatively low rate of both products can be used to completely control mallow plants, avoiding regrowth.
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