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Abstract 

In order to control weeds of alfalfa in the south of Alborz province, a randomized complete block experiment 

with four replications was conducted in the fields of Iranian Research Institute of Plant Protection located in 

Meshkindasht, Karaj, during the crop year of 2014-2016. The experimental treatments were one-time application 

of herbicides including EPTC (5 lit/ha), Metribuzin  (750 g/ha), 2,4-DB (3 and 3.5 lit/ha), Bentazon (3 lit/ha) 

and Imazethapyr (0.5 and 1 lit/ha) on newly planted and established alfalfa, as well as control treatments without 

weed control and control treatments with manual weeding in all weed seasons. The results showed that the 

application of herbicides had a significant effect on the weed control efficacy and dry weight of alfalfa; so that, 

the weed control efficacy were significantly reduced with the application of herbicide treatments. One-time 

spraying with 2,4-DB (3.5 lit/ha) had a suitable weed control performance. One-time spraying with Metribuzin 

and Imazethapyr (1 lit/ha) could reduce the dry weight of weeds by 96 and 92% in the first harvest, 89 and 86% 

in the second harvest. Imazethapyr and EPTC herbicides did not harm alfalfa and significantly increased its 

yield. Although Metribuzin had an effective performance in controlling weeds, it caused plant burning and 

damage in the first harvest. One-time spraying with Imazethapyr (1 lit/ha and 0.5 lit/ha) had the highest dry 

weight yield. These treatments were able to increase the dry weight of alfalfa by 28 and 32% in the first harvest, 

22 and 31% in the second harvest. Therefore, due to weed control efficiency and increased yield, it is 

recommended to apply one-time spraying with Imazethapyr herbicide (1 lit/ha). 
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Introduction 

Alfalfa hay is the third most valuable cash crop in the Iran [10] and is the most widely cultivated forage legume 

worldwide [2]. Additionally, the overall value of alfalfa hay is further enhanced by its essential contributions, as 

feed and forage, to livestock production (i.e., milk, meat, textiles). As crop production acreage and the 

availability of resources for management continue to decline, it is important to maximize yield and nutritive 

value of all alfalfa production as much as possible to meet the agricultural needs of producers, farmers, ranchers, 

livestock managers, and industry personnel, especially in light of the need to increase food production globally 

to meet the needs of an increasing population and climate change [3,4]. Managing weeds is a critical and ever-

present component of successful alfalfa production. While weeds that emerge during the initial seeding stages 

of alfalfa typically have the greatest effect by competing for light, water, space, and nutrients, late-season weeds 

that populate established alfalfa fields can have a significant influence on yield through continued competition 

for resources throughout the remaining and following growing seasons [5,6]. Additionally, the presence of 

annual and perennial weeds at any time can lower forage nutritive value, reduce stand longevity caused by 

premature plant loss or reduction, increase the incidence of disease and insect damage, and create detrimental 

harvesting issues [7–9]. Perennial weed populations are especially difficult to control in perennial crops, like 

alfalfa, because management practices have to address seed production and vegetative reproductive structures 

that allow the plant to survive from season to season. Simple perennial weeds, like plantain (Plantago spp.), have 

a hearty root system that allows the plant to die back and survive during non-ideal environmental conditions, 

proctoring tissue regrowth and re-establishment once conditions become ideal again [10,11]. Broadleaf plantain 

(Plantago major L.) and buckhorn plantain (Plantago lanceolata L.) are particularly difficult-to-control weeds 

whose infestations are widespread in alfalfa fields throughout the western U.S. [10,11]. Weed management of 

these simple perennial weeds must focus primarily on injury to the root system; however, it is difficult for 

herbicide active ingredients to move effectively enough within the entire plant to injure a hearty root system 

located deep within the soil [10]. Similarly, the use of selective herbicides to control broadleaf weeds, like 

plantain, in a broadleaf crop, like alfalfa, further complicates any effective management. As a result, there are 
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only a few registered herbicide active ingredients, such as glyphosate (pre-plant burndown or Roundup® Ready 

systems), 4-(2,4-Dichlorophenoxy) butyric acid (2,4-DB amine), and 2-methyl-4-chlorophenoxyacetic acid 

(MCPA) that have been reported to cause injury to plantain in alfalfa fields [5,9]. Currently there are no 

herbicides labeled for use in alfalfa that will control plantain without multiple applications across several seasons 

[11,12]. Additionally, the broadleaf herbicide active ingredients labeled for use in alfalfa have never been 

evaluated for late-season broadleaf perennial weed control in dormant-season alfalfa. Furthermore, the continued 

use of these select few herbicide active ingredients to manage a specific population of weeds, like plantain in 

alfalfa, over time, can lead to the development of weed population shifts and herbicide resistance in the target 

weeds [13,14]. As a result, research to evaluate the effectiveness of newly registered herbicides with different 

active ingredients is greatly warranted for control of plantain in alfalfa.  The active ingredient in Sharpen® is 

saflufenacil [N’-[2-chloro-4-fluoro-5-(3-methyl-2,6-dioxo-4-(trifluoromethyl)-3,6-dihydro-1(2H) 

pyrimidinyl)benzoyl]-N-isopropyl-N-methylsulfamide], which causes plant cell membrane damage and 

eventually plant death by inhibiting the production of protoporphyrinogen-oxidase (herbicide group 14 [16–18]). 

Specifically, saflufenacil can offer contact burn-down control of annual broadleaf weeds such as black 

nightshade (Solanum nigrum L.) and Palmer amaranth (Amaranthus palmeri S. Watson) [16,17,19], and 

perennial broadleaf weeds including, but not limited to, field bindweed (Convolvulus arvensis L.) and dandelion 

(Taraxacum o_cinale Weber ex Wigg) during limited (dormant) season growth of alfalfa [15,20]. Saflufenacil 

has yet to be studied as a potential herbicide option for broadleaf and buckhorn plantain control in alfalfa fields. 

The objectives of this study were to (1) compare the weed control against commercially available herbicide 

standards under open space conditions, and (2) evaluate the effects on alfalfa yield reduction resulting against 

commercially available herbicide products. Should results indicate that herbicides provides acceptable control 

on broadleaf and equivalent crop safety compared to the commercial standards, actions will be taken to include 

plantain as a target weed in the most up-to-date product labels. 

 

Materials and methods 

This study was conducted in freshly planted and established alfalfa fields of Iranian Research Institute of Plant 

Protection located in Meshkindasht, Karaj (51° east longitude and 35° 48´ north latitude) with an elevation of 

1320 m above sea level and an average rainfall of 250 mm, during the crop year of 2014-2016. Some physical 

and chemical properties of the soil of the experimental location are given in Table 1.  

 

The experiment was performed in a randomized complete block design with 4 replications and the treatments 

included were one-time application of herbicides including EPTC  (5 lit/ha), Metribuzin (750 g/ha), 2,4-DB (3 

and 3.5 lit/ha), Bentazon  (3 lit/ha) and Imazethapyr (0.5 and 1 lit/ha) on newly planted and established alfalfa, 

as well as control treatments without weed control and control treatments with manual weeding in all weed 

seasons. The dosage of each herbicide is given in Table 2. 

Table 1- Soil physicochemical properties of the experimental location 
Soil texture Organic carbon 

(%) 

P2O5 

(mg/kg) 

K2O 

(mg/kg) 

Ph EC  

(ds/m) 

Dept (cm) 

Sandy loam 0.1 4.1 205 7.2 1.50 0-30 

Table 2- Characteristics of herbicide treatments applied in the experiment 
Company (a.i.g/ha) Formulation Application Rate Trade Name Common Name 

Stauffer, USA 4100 82% EC 5(l/h) Eradicane  EPTC 

Bayer, Germany 525 70% WP 750 (g/ha) Sencorc Metribuin 

Nufarm, Australia 1296 42.3% EC 3(l/ha) Butress 2,4-DB 

Nufarm, Australia 1480 42.3% EC 3.5 (l/ha) Butress 2,4-DB 

BASF, Germany 1440 48% SL 3(l/ha) Bazagran Bentazone 

BASF, Germany 50 10% SL 0.5 (l/ha) + 200 (ml/ha) Pursuit + Citogate Imazethapyr 

BASF, Germany 100 10% SL 1 (l/ha) + 200 (ml/ha) Pursuit + Citogate Imazethapyr 

 

One- and two-time spraying treatments (first time) were performed on freshly planted alfalfa in autumn 2014. 

At this stage, EPTC was sprayed before planting alfalfa and mixed with soil (2014.10.14), Metribuzin was 

sprayed after planting and before alfalfa emergence (2014.11.01) and 2,4-DB, Bentazone and Imazethapyr were 

applied when alfalfa had a 10 - 15 cm height suring the 3rd-4th leaf growth stage of weeds (2014.12.16) (Table 

3). In addition, the second spraying of the two-time spraying was performed in the winter of 2014; at a stage 

when six months had passed since the establishment of alfalfa; so that, the treatments of EPTC and biosin 



 
 
 
International Journal of Modern Agriculture, Volume 10, No.2, 2021 
ISSN: 2305-7246 

 

4387 

 

herbicides were applied before alfalfa regrowth and weed growth (2015.03.04) and irrigation was done 

immediately. Spraying with 2,4-DB, Bentazone and Imazethapyr herbicides was performed after alfalfa 

regrowth and 3rd-4th leaf growth stage (2015.03.04) (Table 3). It is worth noting that in this experiment, the first 

three harvests after spraying on freshly planted alfalfa (one-time sprayed) and the first three harvests after the 

second time spraying were evaluated. 

To perform the experiment, a field with a history of weed infestation was selected. Planting field preparation 

consisted of semi-deep plowing and two times vertical disking. Each experimental unit (plots) had a 6 m long 

and 2 m wide. The distance between the plots and blocks was 1 m and 2 m, respectively. Seed sowing was done 

by hand on (2014.10.14). The cultivars were Hamedani and the amount of seed used was 50 kg/ha. Irrigation 

was flooded depending on the needs of the plant during the growing season; so that, irrigation was done once 

every five to seven days in the warm season, and every two to three weeks in the cold season. The application 

of herbicide treatments was done using a backpack sprayer with a constant pressure of Elegance 18 plus, 

equipped with a 8002 nozzle with a double pressure and a spray volume of 350 lit water/ha. The measured traits 

included density, dry weight of weeds and their control percentage during three consecutive harvests after the 

spraying treatments. Density and dry weight of weeds in different harvests were measured in a 0.5× 0.5 m2 

frame. Weed samples were carefully weighed after harvesting and drying at 75 °C for 48 hours. Weed control 

efficacy (WCE) was calculated by Equation 1 (Baghestani et al., 2007):  

  

Equation (1)      𝑊𝐶𝐸 = (𝐴 − 𝐵/𝐴) × 100 

 

where, A and B are the measured density or dry weight of the weeds in the control and spraying treatments, 

respectively. The dry weight of alfalfa and the percentage of forage changes during the three harvests were also 

determined in an area of 4 m2. The percentage of changing dry weight of alfalfa was calculated using Equation 

2: 

 

Equation (2)     % Yield = 100 × C/D 

 

where, YIELD is the percentage of alfalfa yield changes; C and D are the dry weight of alfalfa in the spraying 

treatments and control, respectively. Statistical analysis was done using SAS 9.1 and mean comparison was 

performed using Duncan's multiple range test at 5% level. 

 

Result and Discussion 

The ANOVA results of the density and dry weight of weeds in different harvests showed that herbicide 

treatments had significant effects (p≤0.01) on the mentioned traits (Table 3). 

 

Table 3- ANOVA results of the density and dry weight of weeds in different alfalfa harvests 
(Mean of Squares)  

df 

 

 

 

Sources of variation Dry weight of weed Number of weed 

Third harvest 

Second harvest 

First harvest Third harvest 

Second harvest 

First harvest 

110.14 ns 6.50ns 153.97 ns 116.44 ns 3 Replication 

1567.83** 1100.50** 749.94** 907.11** 7 Treatment 

81.88 39.76 87.06 48.55 21 Error 

11.90 7.99 11.77 8.94  (CV%) 

ns and **: non-significant and significant at 1% of probability levels, respectively. 

The herbicides significantly reduced the density and dry weight of weeds in all three harvests. The comparison 

of the effectiveness of herbicides on newly planted alfalfa showed that Imazethapyr (1 lit/ha) was most effective 

in reducing weed density in different harvests. This treatment was significantly different from other treatments 

in terms of the first and second harvests; however, it was in the same statistical group with 2,4-DB (3.5 lit/ha) 

in the third harvest. On the other hand, Imazethapyr (1 lit/ha) had the highest control efficiency in different 

harvests in two-times spraying treatments on planted alfalfa and was in the same statistical group with 2,4-DB 

(3.5 lit/ha in second harvest). 

Comparison of one- and two-time spraying treatments showed that one- and two-time application of Metribuzin 

and Imazethapyr (1 lit/ha) in different harvests of newly planted and established alfalfa was more desirable than 

other treatments in reducing weed density. However, the most desirable treatments in terms of reducing weed 
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density in different harvests were the one- and two-time application of Metribuzin. These treatments were able 

to reduce weed density by 96% in the first harvest, 87 and 85% in the second harvest, respectively compared to 

the control (Table 4). 

Table 4- The effect of herbicide treatments on weed dry weight, the density and control efficacy of weeds 

in different alfalfa harvests 
 

Treatments 

First harvest Second harvest 

g/m2 % g/m2 % 

Metribuzin  56 96 54 92 

Imazethapyr 1 37 89 32 86 

Imazethapyr 0.5 32 69 26 65 

2,4-DB 3.5 33 66 29 65 

Bentazon 61 65 54 64 

2,4-DB 3 38 64 36 60 

EPTC 40 44 33 36 

The results of herbicide treatments’ effects on the dry weight of weeds also showed that Imazethapyr (1 lit/ha) 

was more desirable than other herbicide treatments in different harvests in terms of one-time spraying treatments 

on freshly planted alfalfa, which had a significant difference with other treatments. In terms of two-time spraying 

treatments on established alfalfa, Imazethapyr (1 lit/ha) was better than the other in reducing dry weight of 

weeds; however, it was in the same statistical group with other herbicide treatments in the first and second 

harvests in terms of weed control efficacy (Table 4). 

One- and two-time application of Imazethapyr (1 lit/ha) on newly planted and established alfalfa had better 

results than other treatments in reducing weed weight in different harvests. However, one- and two-time 

application of Imazethapyr (1 lit/ha) had the best efficiency in reducing dry weight of weeds in different harvests. 

So that, these treatments were able to reduce the dry weight of weeds by 98 % in the first harvest, 96 % in the 

second harvest, respectively compared to the control. In contrast, the lowest efficiency in reducing dry weight 

of weeds was observed in the one-time application of Bentazon, which reduced the dry weight of weeds by 93 

and 91% in the first, second respectively, compared to the control (Table 4). Given that the ability of alfalfa to 

compete with weeds in the first harvest is weaker than in the next harvests (Wilson & Burgener, 2009), it seems 

that the effect of using herbicides along with improving the competitiveness of alfalfa due to the establishment 

and development of its aerial parts in next harvests are the possible reasons of reduction of weed infestation in 

the second and third harvests. In this regard, the effect of herbicides in reducing the density and dry weight of 

alfalfa’s weeds had been proven in various studies (Meighani et al., 2010). 

Dry weight of Alfalfa: 

The ANOVA results showed that the treatments had a significant effect (P≤0.01) on the dry weight of alfalfa in 

the first, second and third harvests (Table 5). 

The results of the effect of herbicide application in the first alfalfa harvest showed that the effect of treatments 

on the dry weight of alfalfa was significantly different; so that, one-time spraying of Imazethapyr (1 lit/ha) on 

freshly planted alfalfa resulted in the highest dry weight of alfalfa (7.89 tons per hectare) compared to the control. 

Application of Imazethapyr (1 lit/ha) increased the dry weight by 31% in the first harvest compared to the 

control. The results of effect of herbicide treatments on the dry weight of freshly planted and established alfalfa 

in the second and third harvests were similar to the first harvest; so that, the Imazethapyr treatments (1 lit/ha) 

resulted in highest dry weight. Damage to alfalfa due to the use of herbicides in these two harvests decreased 

and the dry weight of forage increased. In addition, the effect of herbicide damage on freshly planted and 

established alfalfa in was completely eliminated the third harvest and even the dry weight of forage increased 

compared to the control (Table 6). These results indicated that alfalfa was able to replace its damaged parts in 

the second and third harvests through regeneration and production of lateral leaves and compensate for the 

damage caused by the use of herbicides. In this regard Wilson & Burgener (2009) reported that the intense weed 

competition with alfalfa in the first harvest reduced the forage content but after the establishment of alfalfa, the 

amount of forage increased. 

Table 5- ANOVA results of alfalfa dry weight in different harvests 
(Mean of Squares)  

df 

 

 

 

Sources of variation Dry weight of weed 

Fifth  

harvest 

Fourth 

 harvest 

Third  

harvest 

Second harvest First 

 harvest 

74941.25 ns 7970191.28 ** 99194.80 ns 26126.17 ns 729021.29* 3 Replication 
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716111.31 ** 701121.53 * 202771.72 ** 101111.31 ** 161767.05 ** 7 Treatment 

44212.87 40119.05 16019.67 29044.56 14791.18 21 Error 

79.81 70.13 77.95 70.55 72.06  (CV%) 

ns and **: non-significant and significant at 1% of probability levels, respectively. 

In total, based on the results of increased dry weight of forage in different harvests of freshly planted (one time 

spraying) and established (two time spraying) alfalfa and considering the effectiveness of herbicides in 

controlling weeds in different harvests and no damage to alfalfa, the most desirable treatments were the two- 

and one- time spraying application of Imazethapyr (1 lit/ha), respectively. 

Table 6- Effects of herbicide treatments on the alfalfa’s dry weight and percentage of weight changes in 

different harvests 
 

Treatments 

First harvest Second harvest 

g/m2 % g/m2 % 

Metribuzin  713 21.6 3669 27.5 

Imazethapyr 1 927 28.2 3983 32.1 

Imazethapyr 0.5 887 22.5 3981 31.7 

2,4-DB 3.5 925 12.7 3792 18.1 

Bentazon 886 20.8 3791 28.1 

2,4-DB 3 912 6.9 3794 15.8 

EPTC 784 20.3 3659 29.3 

 

 

Conclusion  

According to the results of weed control and dry weight of alfalfa, 2,4-DB (3.5 lit/ha) had a good weed control 

performance, however it is not recommended to be used in Alborz province due to the plant burning and damage 

in the first harvest. In contrast, Imazethapyr (1 lit/ha) can be introduced as the most desirable herbicide treatment 

due to its optimal efficiency in weed control and lack of damage to alfalfa. In addition, one time spraying of 

Imazethapyr (1 lit/ha) is recommended in terms of environmental issues and health quality of forage. 

 

Referneces 

United States Department of Agriculture. National Agriculture Statistics Service Crop Values: 2019 Summary. 

Available online: https://www.nass.usda.gov/Publications/Todays_Reports/reports/cpvl0220.pdf 

(accessed 

on 29 September 2020). 

Hatfield, R.; Lamb, J.; Samac, D. Roadmap for Alfalfa Research. In Agricultural Research Service; United States 

Department of Agriculture: Washington, DC, USA, 2017. Available online: https://www.ars.usda.gov/ 

ARSUserFiles/50901500/pdf%27s/AlfalfaRoadMap.pdf (accessed on 29 September 2020). 

Ranganthan, J.; Waite, R.; Searchinger, T.; Hanson, C. How to Sustainably Feed 10 Billion People by 2050, in 

21 Charts; World Resources Institute: Washington, DC, USA, 2018. Available online: 

https://www.wri.org/ blog/2018/12/how-sustainably-feed-10-billion-people-2050-21-charts (accessed 

on 29 September 2020). 

Silva, S. Feeding the World in 2050 and Beyond—Part 1: Productivity Challenges. In MSU Extension 

Agriculture; Michigan State University Extension: East Lansing, MI, USA, 2018. Available online: 

https: //www.canr.msu.edu/news/feeding-the-world-in-2050-and-beyond-part-1 (accessed on 29 

September 2020). 

Beck, L.; Marsalis, M.; Lauriault, L. ManagingWeeds in Alfalfa. In New Mexico State University Cooperative 

Extension Service Guide A-325; New Mexico State University: Las Cruces, NM, USA, 2017. 

Peters, E.; Peters, R. Weeds and Weed Control. In Alfalfa Science and Technology; Hanson, C., Ed.; American 

Society of Agronomy, Inc.: Madison, WI, USA, 1972; ISBN 9780891180166. 

Ashigh, J.;Wanstall, J.; Sholedice, F. TroublesomeWeeds of NewMexico; NewMexico State University College 

of Agriculture, Consumer and Environmental Sciences, NewMexico State University: Las Cruces, NM, 

USA, 2010. 

Gilbert, R.G.; Peaden, R.N.; Ford, W.P. Verticillium Wilt of Alfalfa. In Washington State University 

Cooperative Extension. Bulletin EB1506; Washington State University: Pullman, WA, USA, 1988. 

Green, J.; Legleiter, R.Weed Control in Alfalfa and Other Forage Legume Crops. In University of Kentucky 

Cooperative Extension Service Guide AGR-148; University of Kentucky: Lexington, KY, USA, 2018. 

https://www.wri.org/


 
 
 
International Journal of Modern Agriculture, Volume 10, No.2, 2021 
ISSN: 2305-7246 

 

4390 

 

Elmore, C.; Cudney, D.; McGi_en, M. Pests in Gardens and Landscapes: Plantains; University of California 

Integrated Pest Management Program Publication, University of California: Davis, CA, USA, 2007; p. 

7478. 

Sulser, A.; Whitesides, R. Buckhorn Plantain; Utah State University Extension Pub, Utah State University: 

Logan, UT, USA, 2012. 

Foy, C.; Whitt, H. E_ects of paraquat on weed control and yield of alfalfa (Medicago sativa) in Virginia. Weed 

Technol. 1993, 7, 495–506. [CrossRef] 

Orlo_, S.; Putnam, D.; Canevari, M.; Lanini, W. Avoiding Weed Shifts and Weed Resistance in Roundup 

Ready® Alfalfa Systems; University of California Division of Agriculture and Natural Resources 

Publication, University of California Agriculture and Natural Resources: Davis, CA, USA, 2009; p. 

8362. 

Tickes, B.; Orlo_, S. Weed Shifts as a Result of Herbicide Use Patterns in Alfalfa. In Proceedings of the Western 

Alfalfa and Forage Conference, Sparks, NV, USA, 11–13 December 2002. 

Sharpen® Herbicide Label. Available online: http://www.cdms.net/ldat/ld99E000.pdf (accessed on 29 

September 2020). 

Grossman, K.; Niggeweg, R.; Christiansen, N.; Looser, R.; Ehrhardt, T. The herbicide saflufenacil (Kixor.) is a 

new inhibitor of protoporphyrinogen IX oxidase activity. Weed Sci. 2010, 58, 1–9. [CrossRef] 

Grossman, K.; Hutzler, J.; Caspar, G.; Kwiatkowski, J.; Brommer, C. Saflufenacil (Kixor.): Biokinetic properties 

and mechanism of selectivity of a new protoporphyrinogen IX oxidase inhibiting herbicide. Weed Sci. 

2011, 59, 290–298. [CrossRef] 

WSSA. Herbicide Mode of Action Table. Weed Science Society of America. Available online: http: 

//weedscience.org/documents/showdocuments.aspx?DocumentID=1192 (accessed on 21 October 

2020). 

Umphres, A.; Steckel, L.; Mueller, T. Control of protoporphyrinogen oxidase inhibiting herbicide resistant and 

susceptible Palmer amaranth (Amaranthus palmeri) with soil-applied protoporphyrinogen oxidase-

inhibiting 

herbicides. Weed Technol. 2018, 32, 95–100. [CrossRef] 

Knezevic, S.; Datta, A.; Scott, J.; Charvat, L. Interactions between saflufenacil and glyphosate on selected 

broadleaf weeds. Crop Mgmt. Research. 2009, 8, 1–15. [CrossRef] 

NCSS Vinton Series. National Cooperative Soil Survey. Available online: https://soilseries.sc.egov.usda.gov/ 

OSD_Docs/V/VINTON.html (accessed on 29 September 2020). 

NCSS Armijo Series. National Cooperative Soil Survey. Available online: https://soilseries.sc.egov.usda.gov/ 

OSD_Docs/A/ARMIJO.html (accessed on 29 September 2020). 

NAFA Alfalfa Variety Ratings 2008. National Alfalfa and Forage Alliance, 2008 Edition. Available online: 

https://aces.nmsu.edu/pubs/variety_trials/var08.pdf (accessed on 29 September 2020). 

NAFA Alfalfa Variety Ratings 2019. National Alfalfa and Forage Alliance, 2019 Edition. Available online: 

https://www.alfalfa.org/pdf/2019_Alfalfa_Variety_Leaflet.pdf (accessed on 29 September 2020). 

TMA 990 Brand Product Information. Dyna-Gro Seed. Available online: https://dynagro-matrix-managerprod. 

s3.amazonaws.com/techsheet_pdfs/alfalfa/9RM%20TMA%20990%20Brand%2007-11-2019.pdf 

(accessed on 29 September 2020). 

Lauriault, L.; Ray, I.; Pierce, C.; Flynn, R.; Marsalis, M.; O’Neill, M.; Place, T. The 2008 New Mexico Alfalfa 

Variety Test Report; New Mexico State University Agricultural Experiment Station, New Mexico State 

University: Las Cruces, NM, USA, 2008; Available online: 

http://aces.nmsu.edu/pubs/variety_trials/avt07.pdf (accessed on 29 September 2020). 

Lauriault, L.; Contreras-Govea, F.; Marsalis, M. Assessing Alfalfa Stands AfterWinter Injury, Freeze Damage, 

or Any Time Renovation is Considered in New Mexico. In New Mexico State University Cooperative 

Extension Service. Circular 644; New Mexico State University: Las Cruces, NM, USA, 2009. 

Lauriault, L.; Ray, I.; Thomas, S.; Sutherland, C.; Ashigh, J.; Contreras-Govea, F.; Marsalis, M. Selecting alfalfa 

varieties for New Mexico. In New Mexico State University Cooperative Extension Service. Circular 

654; New Mexico State University: Las Cruces, NM, USA, 2011. 

Lauriault, L.; Ray, I.; Pierce, C.; Burney, O.; Djaman, K.; Flynn, R.; Marsalis, M.; Allen, S.; Martinez, G.; 

Havlik, C.; et al. The 2019 New Mexico Alfalfa Variety Test Report; NNew Mexico State University 

Agricultural Experiment Station, New Mexico State University: Las Cruces, NM, USA, 2019; 

Available online: http: //aces.nmsu.edu/pubs/variety_trials/AVT19.pdf (accessed on 29 September 

2020). 

Rhomene MCPA® Herbicide Label, Nufarm Incorporated. Available online: http://www.cdms.net/ldat/ 

ld5NR000.pdf (accessed on 29 September 2020). 

Moyer, J.; Acharya, S. Impact of cultivars and herbicide on weed management in alfalfa. Can. J. Plant Sci. 2006, 

https://soilseries.sc.egov.usda.gov/
https://soilseries.sc.egov.usda.gov/
https://dynagro-matrix-managerprod/
http://www.cdms.net/ldat/


 
 
 
International Journal of Modern Agriculture, Volume 10, No.2, 2021 
ISSN: 2305-7246 

 

4391 

 

86, 874–885. [CrossRef] 

Nichols, R.; Peters, R.; Mullinix, B., Jr. E_ects of Herbicides and Treatment Dates on the Establishment of Sod-

seeded Red Clover, Birdsfoot Trefoil, and Alfalfa; Storrs Agricultural Experiment Station, University 

of Connecticut: Storrs, CT, USA, 1983; p. 95. 

Johnson, Q.; VanGessel, M. Perennial Weed Control. In University of Delaware Cooperative Extension Service. 

WF-1; University of Deleware: Neward, DE, USA, 2014. 

Schweizer, E.; Swink, J.; Heikes, P. Field bindweed (Convolvulus arvensis) control in corn (Zea mays) and 

Sorghum (Sorghum bicolor) with dicamba and 2,4-D. Weed Sci. 1978, 26, 665–668. [CrossRef] 

Wilson, R.; Martin, A.; Kachman, S. Seasonal changes in carbohydrates in the root of Canada thistle (Cirsium 

arvense) and the disruption of these changes by herbicides. Weed Technol. 2006, 20, 242–248. 

[CrossRef] 

Knezevic, S.; Datta, A.; Scot, J.; Charvat, L. Application timing and adjuvant type a_ected saflufenacil e_cacy 

on select broadleaf weeds. Crop Prot. 2010, 29, 94–99. [CrossRef] 

Patton, A.; Schortgen, G.Weed control by 2,4-D dimethylamine depends on mixture water hardness and adjuvant 

inclusion but not spray solution storage time. Weed Technol. 2020, 34, 107–116. 

Roskamp, J.; Turco, R.; Bischo_, M.; Johnson, W. The influence of carrier water pH and hardness on saflufenacil 

e_cacy and solubility. Weed Technol. 2013, 27, 527–533. [CrossRef] 

Karcher, D.; Richardson, M. Batch analysis of digital images to evaluate turfgrass characteristics. Crop Sci. 

2005, 45, 1536–1539. [CrossRef] 

Richardson, M.; Karcher, D.; Patton, A.; McCalla, J. Measurement of golf ball lie in various turfgrasses using 

digital image analysis. Crop Sci. 2010, 50, 730–736. [CrossRef] 

Saxton, A. A macro for converting mean separation output to letter groupings in Proc Mixed. In Proceedings of 

the 23rd SAS Users Group International; SAS Institute: Cary, NC, USA, 1998; pp. 1243–1246. 

Walsh, K.; Soltani, N.; Shropshire, C.; Sikkema, P. Weed control in soybean with imazethapyr applied alone or 

in tank mix with saflufenacil/dimethenamid-P. Weed Sci. 2015, 63, 329–335. [CrossRef] 

Camargo, E.; Senseman, S.; McCauley, G.; Guice, J. Rice (Oryza sativa L.) response and weed control from 

tank-mix application of saflufenacil and imazethapyr. Crop Prot. 2012, 31, 94–98. [CrossRef] 

Jhala, A.; Ramirex, A.; Singh, M. Tank mixing saflufenacil, glufosinate, and indaziflam improved burndown 

with residual weed control. Weed Technol. 2013, 27, 422–429. [CrossRef] 

Orlo_, S.;Wilson, R. Recent Developments in AlfalfaWeed Control: Glyphosate-Induced Injury in RR Alfalfa 

and Sharpen Herbicide. In Proceedings of the 2015 Western Alfalfa and Forage Symposium, Reno, 

NV, USA, 3–4 December 2015. 

Roundup PowerMax® Herbicide Label. Monsanto Company. Available online: http://www.cdms.net/ldat/ 

ld8CC002.pdf (accessed on 29 September 2020). 

Wilson, R. Downy brome (Bromus tectorum) control in established alfalfa (Medicago sativa). Weed Technol. 

1997, 11, 277–282. [CrossRef] 

Canevari, M.; Vargas, R.; Orlo_, S.Weed Management in Alfalfa. In Irrigated Alfalfa Management for 

Mediterranean and Desert Zones; University of California Division of Agriculture and Natural 

Resources: Davis, CA, USA, 2007; p. 8294. 

Gannon, R.; Hixson, A.; Keller, K.; Weber, J.; Knezevic, S.; Yelverton, F. Soil properties influence saflufenacil 

phytotoxicity. Weed Sci. 2014, 62, 657–663. [CrossRef] 

Weber, J.;Weed, S.;Waldrep, T. E_ect of soil constituents on herbicide activity in modified-soil field plots. Weed 

Sci. 1974, 22, 454–459. [CrossRef] 

Nandula, V.; Reddy, K.; Duke, S.; Poston, D. Glyphosate-resistant weeds: Current status and future outlook. 

Outlooks Pest Manag. 2005, 16, 183–187. [CrossRef] 

Reddy, K.; Norsworth, J. Glyphosate-Resistant Crop Production Systems: Impact on Weed Species Shift. In 

Glyphosate Resistance in Crops andWeeds: History, Development, and Management; Vijay,N., Ed.; 

JohnWiley & Sons, Incorporated: Hoboken, NJ, USA, 2010; pp. 165–184, ISBN 978-0-470-41031-8. 

Green, J. Review of glyphosate and ALS-inhibiting herbicide crop resistance and resistant weed management. 

Weed Technol. 2007, 21, 547–558. [CrossRef] 

Patton, A.;Weisenberger, D.; Schortgen, G. 2,4-D resistant buckhorn plantain (Plantago lanceolate) in managed 

turf. Weed Technol. 2018, 32, 182–189. [CrossRef]. 

 

 

http://www.cdms.net/ldat/

