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Introduction

Water is the primary carrier for herbicide applications (it usually makes up about 99% of the spray solution)
and deliver them to the target weeds that they are intended to control. The quality of water available for spraying
will depend on the source of the water on the vineyard, eg. dam or channel. Many chemical elements can be
dissolved in water but six major ions make up the dissolved material in most water: Calcium (Ca**), Magnesium
(Mg*), Sodium (Na*), Sulfate (SO*), Chloride (CI), and Bicarbonate (HCO3). Hard water becomes ‘“hard”
because of the presence of carbonates, sulfates, and chlorides of calcium, magnesium, and iron. Water containing
calcium and magnesium can reduce the effectiveness of post-emergence herbicides that are weak acids include
glyphosate (Roundup), paraquat (Gramaxone), bentazon (Basagran), clethodim (Envoy), sethoxydim (Poast),
nicosulforun (Cruise) and 2,4-D (many products).

Nicosulfuron is a post-emergence sulfonylurea herbicide that act through inhibition of acetolactate synthase
(ALS) and controls many difficult-to-manage monocotyledonous weeds at low rates in corn. Also, 2,4-D is a
selective herbicide from the group of auxin-like herbicides that act systematically to control broadleaf weeds in
cereals. "Mixing herbicides" can be used to reduce the effect of hardness factors in the water carrying herbicides.
The purpose of a good mix is to increase the effect of the compound on weeds without damaging the crop. The
primary reasons that herbicides are mixed are to improve bioactivity and reduce costs. Therefore, the application
of mixing reduces labor costs, the number of crossings across the farm, equipment depreciation, and mechanical
damage to the crop and soil. Interactions of two herbicides can occur in three ways: each herbicide has an
independent mode of action (additive effect); one herbicide reduces the action of another herbicide (antagonism),
and one herbicide increases the presence of another herbicide (synergism). The question is whether the
synergistic effects that occur in some conditions in the mixing of two herbicides can be used to reduce the
negative effects of hard water on the performance of hard water sensitive herbicides? Therefore, this study was
conducted to evaluate the effect of water hardness on the efficacy of nicosulfuron and 2,4-D tank mixing on the
control of velvetleaf (Abutilon theophrastis Medicus.).

Materials and Methods

The effect of mixing nicosulfuron (Cruse- OD4%) and 2,4-D amine (U46- SL72%) herbicides on velvetleaf
(Abutilon theophrastis Medicus.) weed control in the presence of hard agents carried out as factorial arrangement
based on randomized complete block design with three replications at the Research Greenhouse of Ferdowsi
University of Mashhad in 2019. The first factor of water hardness applied in four levels including deionized
water (non-hard), 0.1 M concentrations of CaCl,, MgCl,, FeCls; salts (Merck, Darmstadt, Germany). The second
factor was mixing nicosulfuron and 2,4-D amine herbicides as 6.25, 12.5, 25, 50 and 100% of the recommended
dose. The mixing ratios were (0:100), (25:75), (50:50), (75:25) and (100: 0). In addition, 10 pots were considered
as control without spraying.
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Velvetleaf seeds were collected from a heavily infested corn fields in Mashhad, Khorasan Razavi province in
northeastern part of Iran. To obtain uniform seedlings, seeds were treated by sulfuric acid 98% during 1 min.
Seven seeds pre-germinated in petri dishes were transplanted at 1 cm deep in 1 L plastic pots in a mixture of soil,
sand and cocopeat (1 : 1: 1 wt/wt/wt) containing all necessary macro- and micronutrients. The pots were kept
in a greenhouse at natural daylength and a temperature around 25°C during the day. The pots were sub-irrigated
daily. Prior to herbicide application, plants were thinned to five uniformly sized plants per pot.

The herbicide solutions were applied at the 3-4 leaf stage of the weed using a cabinet sprayer equipped with a
flat fan nozzle (No.11004) delivering a spray volume of 390 Lha-1. A four-parameter log-logistic model
(equation 1) was fitted to the data using the open-source statistical software R 2.6.2 and the drc statistical
addition package.

Y=c+[d-c/ 1+exp[b(log x-log €)]] (1)

where Y is the response expressed as percentage of the untreated control, ¢ and d are the responses at very
high and very low herbicide rates, respectively, b is the slope of the curve around the point of inflection, and e is
the herbicide rate giving response halfway between d and ¢ (=EDsp). If ¢ = 0, then the four-parameter model
reduces to the three-parameter model (equation 2), with the lower limit being zero.

Y=d/ 1+exp[b(log x - log €)] (2)
Results and Discussion

The results showed that the net effects of herbicides were affected by hard water factors such as calcium,
magnesium and iron 111 chloride. Besides, their efficiency in controlling biomass, survival percentage and height
of velvetleaf were decreased. The inhibitory effect of hardness factors on herbicide performance was different.
Calcium chloride and magnesium chloride had the highest reduction effect on nicosulfuron and 2,4-D amine,
respectively. Therefore, to reduce the effect of water hardness factors, two herbicides were evaluated by mixing.
The results indicated that the type of effect on herbicide mixing in biomass control of velvetleaf was synergistic,
and reduced antagonistic effect of water hardness factors. Equal proportions of both herbicides in reducing the
effect of calcium chloride and iron 111 chlorides, high ratio of nicosulfuron in reducing the effect of magnesium
chloride, had the best performance in controlling the biomass of velvetleaf. Therefore, depending on the salts
involved in the water hardness of the sprayer tank, changing the mixing ratio of the two herbicides nicosulfuron
and 2,4-D amine can be achieved the best performance control of velvetleaf.
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Figure 1- Response Biomass, survival and plant height of velvetleaf affected by different does of 2,4-D amine (a) and
nicosulfuron (b) in the presence of hardness agents (calcium chloride, magnesium chloride and iron chloride I11) in the

carrier herbicides water, data were fitting a three parameters logistic model. 999 indicates control treatment without the
use of herbicides
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Table 1- Parameters from fitting a three parameters logistic model to data of the biomass, survival and plant height of
velvetleaf affected by different does of 2,4-D amine and presence of hardness factors

Parameters ( yol,b) Hardness factors  gsww g9 (D) om0 s (d) ¥ o EPSO < -
* i (oI5 45 0,5) (LU 53 0930 03 0,5)
Biomass DW (55 ) 1.82 (0.18) 5.53 (11.00) 158.50 9 (11.00) ***
s 0.1M CaCl2 (psuls y5,l8 Vso+/3) 2.66 (0.40) 5.90 (0.34) 208.31 ¢ (17.72) ***
0.1M MGCl2 (350 518 ¥s50+1Y) 6.92 (4.47) 5.32 (0.16) 289.51 2 (13.38) ***
0.1M FeClz (11 sal 45,18 Yoor/A) 3.49 (0.70) 5.52 (0.26) 248.89  (16.88)***
DW (55 ) 1.89 (0.31) 100.03 (3.48) 149.39 ® (16.31) ***
Survival 0.1M CaCly (pulS 13,8 Voa-/) 2.64 (0.75) 93.72 (9.27) 240.85 @ (34.96) ***
() 0.1M MQCI2 (1300 s55i8 Vsee/1) 9.28 (17.75) 83.37 (4.57) 313.32 2 (88.34) ***
0.1M FeClz (11 sal 45,18 Yor/A) 4.64 (2.69) 85.12 (6.11) 286.30 @ (21.93)***
DW (55505 ) 1.80 (0.34) 27.07 (1.11) 169.32 b (22.99) ***
Plant Height 0.1M CaCly (pulS 13,8 Voa-/) 1.93 (0.52) 33.56 (5.47) 187.35 © (46.98) ***
(w5 s)) 0.1M MQCI2 (qy5550 35,8 ;¥s0-/Y) 6.27 (4.55) 25.60 (1.47) 302.50 2 (28.14) ***
0.1M FeClz (11 sal 45,18 Ygor/A) 2.46 (0.73) 28.10 (3.59) 227.78 b (43.06)***
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bl oo o gme MBS W8 ¢ ialyly pl (gly Ao yd A0 (Lol
*** Significant at the 0.001, Numbers in the parentheses are standard error. ED50 amounts with same letter based on a 95%
confidence interval for this parameter are not significantly different.
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Table 2- Parameters from fitting a three parameters logistic model to data of the biomass, survival and plant height of
velvetleaf affected by different does of Nicofulfuron and presence of hardness factors

Parameters (L sl ,b) Hardness factors  _gsw goi (D) o0 cunds (d) ¥y o EI.DSO -
¥ i (o5 )5 0,5) (s 43 8,550 3L 2 5)
Biomass D.W (o558 ) 1.69 (0.20) 5.51 (0.14) 10.98 P (0.94) ***
(o355 0.1M CaCl2 (puls’ yo,15 Yoo+ /3) 2.39 (0.42) 5.55 (0.32) 22.69 @ (2.19) ***
0.1M MQCI2 (a5 35,5 ;¥s0-/Y) 1.45 (0.30) 6.00 (1.00) 14.01 " (4.29) **
0.1M FeCls (111 o 55,05 Yso-/1) 1.95 (0.34) 6.81 (0.91) 11.01 b (2.09)***
DW (ojsg o) 1.38 (0.19) 99.56 (2.83) 7.94 1 (16.31) ***
Survival 0.1M CaCly (S 55,5 ¥s50+1Y) 1.93 (0.39) 95.98 (8.76) 20.82 2 (34.96) ***
(cla) 0.1M MGCly (13550 5,5 s¥s0+/Y) 1.36 (0.42) 86.51 (21.05) 16.29 2 (88.34) *
0.1M FeCls (111 3 55,05 Yso-/1) 1.83 (0.47) 94.94 (18.35) 12.80 2 (21.93) **
DW (s3g3 o) 1.78 (0.28) 26.92 (0.84) 12.18 2 (22.99) ***
Height 0.1M CaCly (pguls 15,l8 Ysae/Y) 2.39 (0.58) 25.29 (1.96) 22.68 @ (46.98) ***
(w5 elas)) 0.IM MQCly (25550 5,15 Yse-/) 1.45 (0.42) 27.39 (6.10) 14.012(28.14) *
0.1M FeCls (111 o 55,05 Yso-/1) 1.90 (0.46) 29.56 (4.46) 12.94 2 (43.06) ***
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**x ** and * Significant at the 0.001, 0.1 and 0.05, respectively. Numbers in the parentheses are standard error. EDso amounts with
same letter based on a 95% confidence interval for this parameter are not significantly different.
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Figure 2- Curve from fitting a three parameters logistic model in the conditions of 2,4-D amine and nicosulforun herbicides
mixture in deionized water (a), containing calcium chloride (b), magnesium chloride (c) and iron chloride 111 (d) with the
same upper limit. 999 indicates control treatment without herbicide application: 100 (100% 2,4-D amine), 75 (75% 2,4-D

amine + 25% nicosulforun), 50 (50% 2,4-D amine + 50% nicosulforun), 25 (25% 2,4-D amine + 75% nicosulforun), 0 (100%
nicosulforun).
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Table 3- Parameters from fitting a three parameters logistic model to data of the biomass treated in different ratios of 2,4-D
and nicosulfuron herbicides with different qualities of sprayer tank water

Water Quality 2,4-D : nicosulfuron (b) oo s (d) YU s EDso
ol Cuis §2,9998 1 (19,980 g gSs (15 )3 0,5) (6 43 8,350 o3k 0,5)
100:00 1.78 (0.28) 5.60 (0.18) 155.46 0 (17.37) ***
_ 75:25 0.50 (0.16) 5.60 (0.18) 29.25 ¢ (19.35)

D-W- fosz ) 50:50 0.32 (0.13) 5.60 (0.18) 33.62 © (30.48)
25:75 0.51 (0.14) 5.60 (0.18) 80.05 © (30.94) *
0:100 2.34 (0.36) 5.60 (0.18) 193.95 2 (18.28) ***
100:00 2.61(0.23) 5.61 (0.08) 232,410 (9.74) ***
75:25 0.46 (0.06) 5.61 (0.08) 221.23 b (31.60) ***

0- LM CaClz (penls 155 ger ) 50:50 0.73 (0.08) 5.61(0.08) 72950 (10.37) ***
25:75 0.52 (0.06) 5.61 (0.08) 124,541 (18.58) ***
0:100 2.33(0.21) 5.61 (0.08) 301.36 © (13.76) ***
100:00 481 (1.73) 5.50 (0.14) 291.27© (14.69) ***
75:25 0.55 (0.13) 5.50 (0.14) 100.35 © (28.82) ***

0-IMMGCla (st 1515 Yse- ) 50:50 0.55 (0.12) 5.50 (0.14) 121.64 b (32.73) ***
25:75 0.47 (0.12) 5.50 (0.14) 127.59 b (37.62) **
0:100 1.60 (0.22) 5.50 (0.14) 220.49 b (22.74) ***
100:00 3.06 (0.33) 5.64 (0.09) 245.181 (10.31) ***
75:25 0.61 (0.13) 5.64 (0.09) 19.75 " (8.76) *

0.1M FeCls (11 a1 j5,08 sor/3) 50:50 0.35 (0.10) 5.64 (0.09) 5.16 ° (5.28)
25:75 0.57 (0.09) 5.64 (0.09) 44,75 (11.07) ***
0:100 2.33(0.19) 5.64 (0.09) 192.41 b (9.38) ***
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**x ** and * Significant at the 0.001, 0.1 and 0.05, respectively. Numbers in the parentheses are standard error. EDso amounts with
same letter based on a 95% confidence interval for this parameter are not significantly different.
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Figure 3- Isoboles from fitting a three parameters logistic model in the conditions of 2,4-D amine and

nicosulforun herbicides mixture in deionized water (a), containing calcium chloride (b), magnesium chloride (c)
and iron chloride 111 (d) on velvetleaf biomass with fitting Concentration Addition (Right) and Hewlett models.
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