

[image: The first report of chickpea (Cicer arietinum L.) tolerance to Paraquat in Australia]
The first report of chickpea (Cicer arietinum L.) tolerance to Paraquat in Australia





ORIGINAL RESEARCH

published: 02 August 2022

doi: 10.3389/fagro.2022.969960

[image: image2]


The first report of chickpea (Cicer arietinum L.) tolerance to Paraquat in Australia


Gulshan Mahajan 1,2* and Bhagirath S. Chauhan 3


1 Queensland Alliance for Agriculture and Food Innovation (QAAFI), The University of Queensland, Gatton, QLD, Australia, 2 Department of Agronomy, Punjab Agricultural University, Ludhiana, India, 3 Queensland Alliance for Agriculture and Food Innovation (QAAFI) and School of Agriculture and Food Sciences (SAFS), The University of Queensland, Gatton, QLD, Australia




Edited by:
 
Saddam Hussain, University of Agriculture, Faisalabad, Pakistan

Reviewed by: 

Ioannis Gazoulis, Agricultural University of Athens, Greece

Sharif Ahmed, International Rice Research Institute (IRRI), Philippines

*Correspondence: 

Gulshan Mahajan
 g.mahajan@uq.edu.au

Specialty section: 
 This article was submitted to Plant-Soil Interactions, a section of the journal Frontiers in Agronomy


Received: 15 June 2022

Accepted: 14 July 2022

Published: 02 August 2022

Citation:
Mahajan G and Chauhan BS (2022) The first report of chickpea (Cicer arietinum L.) tolerance to Paraquat in Australia. Front. Agron. 4:969960. doi: 10.3389/fagro.2022.969960



Chickpea growers in Australia have no post-emergent (POST) herbicides labeled for broadleaf weed control and they rely on pre-emergent herbicides for control of broadleaf weeds. The objective of this study was to evaluate chickpea tolerance to POST application of paraquat (0, 90, 180, 360, and 540 g ai ha-1) in a randomized complete block design. Paraquat (180 g ai ha-1) applied POST (up to 10 days after crop emergence) did not injure chickpeas and reduce plant height, and biomass when compared with nontreated control. When the crop just emerged, even the highest dose of paraquat (540 g ai ha-1) did not cause any injury or reduce chickpea biomass compared with nontreated control. Moderate toxicity to chickpea at paraquat 360 or 540 g ai ha-1 was observed when applied 20 days after crop emergence. This study suggests that paraquat POST has the potential to provide broad-spectrum weed control, including broadleaf weeds at an early stage of chickpea. However, the potential for crop injury to paraquat at higher doses, especially when applied at a late stage of the crop warrants further evaluation under field conditions. The study also suggests that tank mix applications of paraquat with residual herbicides may be useful for season-long weed control in chickpea and result in improved yield. The current study warrants further evaluation of the tank-mix application of paraquat with pre-emergent herbicides for season-long weed control under field conditions.
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Introduction

Chickpea (Cicer arietinum L.) is an important pulse crop and has great export potential in Australia. Chickpea is considered for nutritional quality and it is an important source of protein and minerals. Globally, it occupies an area of 14.6 M ha area and with a production of 14.8 Mt (Nair et al., 2014; Merga and Haji, 2019). In the conservation agriculture systems of Australia, the cultivation of chickpea helps in resource-saving and increases the fertility status of the soil by biologically fixing nitrogen (Nyanga, 2012).

Weeds are an important limiting factor to achieving a high yield in chickpea as they rob the soil nutrients and available stored moisture in the soil and compete for weeds (Al-Thahabi et al., 1994). The slow-growing nature of the crop in the winter season makes it vulnerable to weeds, especially when infested with broadleaf weeds (Taran et al., 2013). Being a broadleaf crop, herbicide options for control of broadleaf weeds are very limited in chickpea (Nath et al., 2018). Weed control in chickpea is essential to reduce the yield loss and further build-up of the weed seed bank in the soil (Mohammadi et al., 2005).

In chickpea, yield losses may vary from 24%-63%, depending upon weed infestation levels (Muhammad et al., 2011). Previous studies in Australia revealed that seed and straw yields of chickpea could be reduced by 81% and 63%, respectively, when the field remained unweeded compared with the weed-free situation (GRDC, 2008). Chickpea in Australia is planted at wide row spacing (50 cm to 100 cm), and complete ground cover is not attainable until 8 to 10 weeks after planting (GRDC, 2008). In chickpea, the critical period of weed competition has been suggested between 35 to 60 days after crop emergence (Al-Thahabi et al., 1994; Mohammadi et al., 2005). Pre-emergence herbicides, such as pendimethalin, trifluralin, and aclonifen, are recommended for weed control in chickpea, but these are unable to provide a broad spectrum of weed control (Singh et al., 2014; Barros et al., 2018). In Europe, where herbicide options are limited due to strict EU legislation on pesticides, recent studies have shown that aclonifen as PRE fb by POST applications of ACCase-inhibitors can provide broad spectrum weed control in chickpea especially when combined with the use of increased seeding rates (Kanatas and Gazoulis, 2022). Some studies have suggested the use of imazethapyr for broad-spectrum weed control in chickpea (Kachhadiya et al., 2009; Khope et al., 2011), but reduced efficacy in the soil and phytotoxicity to the crop restricts its wider adoption (Kumar et al., 2016).

Post-emergent (POST) herbicides, such as quiazalofop-p-ethyl and fenoxaprop-p-ethyl, are available for weed control in chickpea, but they provide control o only grass weeds (Ansar et al., 2010; Kumar et al., 2015). It has been reported that broadleaf weeds, such as Medicago polymorpha L., Vicia sativa L., Convolvulus arvensis L., Chenopodium album L., Melilotus indicus (L.) All., and Rumex dentatus L. caused severe yield losses in chickpea (Nath et al., 2018). In Australia, chickpea is mainly infested with weeds, such as Avena ludoviciana Durieu, Sonchus oleraceus L., Chenopodium album L., Raphanus raphanistrum L., Arctotheca calendula (L.) Levyns, etc. Any herbicide may be selective to a crop, depending upon the dose, time, stage, crop-dependant, or having natural tolerance (Das, 2008), suggesting that herbicide’s safety to crops can be manipulated (Susha et al., 2018). Paraquat effectively controls grass and broadleaf weeds due to its high efficiency and low cost (Fuerst and Vaughn, 1990). Paraquat is quickly absorbed by plant leaves and inhibits photosynthesis by accepting electrons from photosystem I (PSI) (Qian et al., 2009). It is a light-activated non-selective herbicide that belongs to the bipyridylium family, and it breaks down the cell membranes in plants (Anonymous, 2016).

Peanuts (Arachis hypogaea L.) have been reported to have a natural tolerance to paraquat when applied before pegging and fruit development (Grichar, 1998). The timing of application of paraquat within 28 days after crop emergence is often referred to as a crack (Qian et al., 2009). Evaluation of new herbicides in chickpea may increase the flexibility in herbicide rotation programs aimed to delay the evolution of herbicide resistance by avoiding the overuse of any one group of herbicides (Heap, 2022).

There is a research gap to understand if chickpea is tolerant to paraquat when applied as POST. With limited options of herbicides for season-long and broad-spectrum weed control in chickpea, it is important to evaluate POST herbicides, such as paraquat, that may provide season-long broad-spectrum weed control and reduce yield losses due to weed interference. Therefore, the present investigation was undertaken to assess the paraquat selectivity of chickpeas. We hypothesized that POST applications of paraquat may be selective to chickpea, depending upon the crop stage.



Materials and methods

The study regarding the evaluation of paraquat for chickpea safety was conducted in two runs (June 2021 and August 2021) at the research facility of the weed science unit at the Queensland Alliance for Agriculture and Food Innovation, The University of Queensland, Gatton, Australia. The study was conducted in pots that were kept on benches in an open environment under natural conditions.

The treatments comprised five paraquat (Gramoxone® 360 g/L, Syngenta Australia Ltd.) doses (0, 90, 180, 360, and 540 g ai ha-1) that were tested at six stages (0, 3, 6, 8, 10, and 20 days after crop emergence) of the chickpea crop. An adjuvant (Hasten™ 900 g/L, Victorian Chemical Company Pty. Limited, Australia) at 1% was added with paraquat. Treatments were tested in a randomized complete block design in 10 replicates. The chickpea variety used in the study was PBA Seamer (Seamer, hereafter). Seamer was selected as it is widely grown by chickpea growers in the northern cropping region of Australia. The characteristics such as semi-erect habit, excellent lodging tendency, and resistance to ascochyta blight made Seamer variety well adapted to the high rainfall of northern regions of Australia (Dron et al., 2022). Seamer has also been reported to have a greater weed-competitive ability than PBA HatTrick (Mahajan et al., 2019)

In the first experimental run, chickpea was sown on June 25, and July 5, 7, 9, 12, and 14, 2021. In the second experimental run, chickpea was sown on August 6, 16, 18, 20, 23, and 25, 2021. Chickpea seeds were planted at different dates so that paraquat spray could be done on the same day for different plant stages. Initially, three seeds of chickpea per pot were sown and after emergence, one plant of chickpea per pot was maintained. Pots of 20 cm diameter were used and each pot was filled with potting mix (Centenary Landscape, Brisbane, Queensland, Australia).

Paraquat spray in the first and second experimental runs was done on July 26 and September 03, 2021, respectively. The spray was done using a research track sprayer equipped with Teejet XR 110015 flat fan nozzles calibrated to an output spray volume of 108 L ha-1. Pots were kept dry until 24 h after spray and thereafter, were watered with a sprinkler system. The average height of chickpea at paraquat spray was 15, 10, 7, 6, 2, and 1 cm, which corresponded with 20, 10, 8, 6, 3, and 0 days after crop emergence, respectively.

Plants were allowed to grow for 52 days after treatment (DAT) of paraquat application to determine herbicide efficacy. Plants were assumed dead if they did not have at least one new leaf at 52 DAT. Plant biomass was evaluated at 52 DAT. At harvesting, the height of the plant was measured from the base to the tip of the plant. Plants were harvested from the base of the plants and dried in an oven at 70 °C for biomass. The biomass of chickpea in each treatment was assessed based on the relative percentage of their respective control.


Statistical analyses

Experimental data were subjected to the analysis of variance (ANOVA) using statistical software (CPCS1-Punjab Agricultural University, Ludhiana, India). Experimental runs x treatments interactions were found nonsignificant for plant height and biomass; therefore, data were pooled over the two experimental runs (a total of 20 replications) for further analysis. Where the ANOVA found significant treatment effects, means were separated at P ≤ 0.05 using Fisher’s protected LSD test. Data were also validated to meet the assumptions of normality and variance before analysis.




Results and discussion

The plant height of chickpea with varying doses of paraquat did not decrease compared with nontreated control when paraquat was applied at crop emergence or 3 days after crop emergence (Table 1; Figure 1). The height of chickpea did not reduce when paraquat was applied at 180 g ai ha-1 at 6, 8, and 10 days after crop emergence compared with nontreated control. However, the height of chickpea was reduced even with the lowest dose of paraquat (90 g ai ha-1) compared with nontreated control when applied 20 days after crop emergence.


Table 1 | Plant height of chickpea in relation to various doses of paraquat when applied at different crop stages (Data recorded 52 days after treatment).






Figure 1 | Chickpea plants after paraquat spray done at different stages. Herbicide doses from left to right are 0, 90, 180, 360, and 540 g ai ha-1.



The biomass of chickpea did not decrease even at high doses of paraquat when applied at the crop emergence stage compared with nontreated control (Table 2; Figure 1). Paraquat 180 g ai ha-1 when applied at 3, 6, 8, and 10 days after crop emergence did not reduce the biomass of chickpea compared with nontreated control. However, the application of paraquat even at the lowest dose (90 g ai ha-1) reduced chickpea biomass compared with nontreated control when applied 20 days after crop emergence. No sign of visual toxicity to chickpea was observed when paraquat 180 g ai ha-1 was applied even after 20 days of crop emergence, although little suppression in biomass was there. However, signs of toxicity to chickpea were observed when treated with the highest dose of paraquat 540 g ai ha-1 at 6, 8, 10, and 20 days after crop emergence (Figure 1).


Table 2 | Biomass of chickpea in relation to various doses of paraquat when applied at different crop stages.



This study implied that the application of paraquat 180 g ai ha-1 may prove useful for chickpea when applied up to 10 days after crop emergence. Paraquat application to chickpea even at the highest dose (540 g ai ha-1) did not reduce the plant height and biomass when applied just at the crop emergence stage. No sign of toxicity of paraquat to chickpea was observed when applied at 180 g ai ha-1 even after 20 days of crop emergence (visual observation). However, reduced height and biomass were observed with this treatment (180 g ai ha-1 applied 20 days after crop emergence) compared with nontreated control, which is likely to be recovered as there was no sign of toxicity.

Paraquat is a light-activated non-selective herbicide from the bipyridylium family, that breaks down cell membranes, therefore is useful for controlling grass, sedge, and broadleaf weeds. This study found that paraquat 180 g ai ha-1 applied up to 10 days after crop emergence was safe for chickpea. Therefore, paraquat at 180 g ai ha-1 can be used for broad-spectrum weed control in chickpea about 10 days after crop emergence. Chickpea is a slow-growing crop, taking 9-10 days for crop emergence in the winter season. Weed emergence is faster, therefore, paraquat application up to 20 days after crop planting (or 10 days after crop emergence) may control emerged weeds at that time without causing any damage to the crop.

Paraquat is a contact herbicide and can be tank-mixed with other herbicides that provide residual activity for season-long weed control. Residual herbicides, such as pendimethalin, trifluralin, triallate, isoxaflutole, prosulfocarb, and pyroxasulfone, are commonly used pre-emergent herbicides in Australian chickpea systems (GRDC, 2008). Residual activity from these herbicides when mixed with paraquat may help to control late cohorts of weeds, therefore, may provide season-long weed control. However, the tank mixing of paraquat with pre-emergent herbicides needs to be tested under field conditions for crop safety, season-long weed control, and high seed yield in chickpea. There is also a need to evaluate the effect of paraquat application on nodulation in chickpea.

We did not find a study, in which selectivity of chickpea to paraquat was reported. The selectivity of chickpea for paraquat was possibly due to the inherent tolerance of the crop against this herbicide. Paraquat resistance in weeds has been reported due to PAR 1 gene that caused a reduced uptake of paraquat through plasma membrane-localized transporters (Li et al., 2013). However, it is also possible that selectivity might have occurred due to the herbicide doses and stages of the crop as evident from the biomass and plant height data in this study. The leaves of chickpea are coated with 95% of malic acid and 5% of oxalic acid (Koundal and Sinha, 1981). In maize (Zea mays L.), paraquat (100 μM) caused injury by 69%-82% (Jang et al., 2019). However, leaf injury on maize plants did not appear when paraquat (100 μM) was mixed with malic acid or oxalic acid (1%) (Jang et al., 2019). This suggests that malic and oxalic acid contents in chickpea leaves might have nullified the activity of paraquat in chickpea and need further investigation.

It is quite possible that chickpea tolerance to paraquat in this study may be variety-specific as we conducted this study with one variety. It is also possible that tolerance to paraquat might be related to limited absorption/adsorption of herbicides by chickpea leaves when plants are small in size. Therefore, studies are required by including a greater number of varieties. There is also a need to study the adsorption/absorption of paraquat on chickpea leaves to fully understand the mechanism of chickpea tolerance to paraquat. However, in peanut cultivars, it was reported that foliar absorption and translocation of paraquat did not vary between cultivars (Wehtje et al., 1991).

Chickpea tolerance to paraquat was interesting, and registration of paraquat in chickpea may improve early weed control, especially of broadleaf weed species. Many grass and broadleaf weed species have been listed on the paraquat label (Anonymous, 2016). Although some toxicity was observed at the highest doses (360 or 540 g ai ha-1) of paraquat when applied 20 days after crop emergence, chickpea eventually recovered and may produce a higher yield than weed-infested crops, which need to be verified under field conditions. Growers may be willing to tolerate a moderate herbicide injury to chickpeas with paraquat if broadleaf weed control is improved, given that there are currently no broadleaf herbicides registered for chickpea in Australia. It has been reported that moderate levels of herbicide injury in chickpea did not cause yield loss (Taran et al., 2013). This first study was conducted in pots and therefore, we included time after crop planting/emergence. Future field studies should consider growing degree days in relation to chickpea stage and paraquat application timing.

Paraquat is registered for weed control in peanut within 28 days after emergence (Johnson et al., 1993). These authors argued that paraquat use later than 28 days after emergence is discouraged due to the potential for crop injury with less time for plant recovery. However, this fact is to be verified for chickpea under field conditions as it is a slow-growing and long-duration crop.

High broadleaf weed densities in chickpea may substantially reduce its yield and increase the weed seed bank in the soil if left uncontrolled. Ideally, broadleaf weed management in chickpeas includes the use of pre-emergent herbicides followed by hand-weeding if broadleaf weeds are not controlled by pre-emergent herbicides. In such a scenario, paraquat has the potential to control early flushes of broadleaf weeds in chickpeas.
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