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1- Sulfonylurea
2- Nicosulfuron (Crouse®)
3- Glyphosate (Roundup®)
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Table 1- Analysis of variance on weeds measured traits in response to water pH variation in nicosulforon spray tank

(@l po mSilo) Mean square’

Shoot. dry.V\'/. Shoot ftiesrj W. Lfaaf area Heig;ht Surv“ival (s a‘?l) 3) (,;;O;uo)
(lp Il Sis (59) (g o115 0jg) (S bams) (ew,) ()

49637.13" 54079.20 10710147 53031.84°  6086.01" 1 (5,0 cils) Weed
3519.89" 3333.71" 2723.64" 113926  5789.88"" 6 (] a0l ) Water pH
1431.98" 1286.22"" 865.72"" 7376 228.37™ 6 Water pH xWeed

34.85 49.95 62.03 14.47 224.46 70 (Ltalojl (slas) Error
10.30 12.70 12.53 7.06 15.41 () ysis oty ) CV (%)

L & ns significant at level of 1% and non significant, respectively.
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Tab. 2- Interaction between weed and water pH in nicosulforon spray tank on mean of weed traits.

Shoot dry w. Shoot fresh w. . . Weeds/
(% control) (% control) ((I)_/eaf a:eal) (O/Helgftlt b (?/urthal b Water pH
] KEh s b Il o 6 contro 6 contro 6 contro /:a dils
PRISER 0l BTS00 (Al Sy (LK) g5, (anld %) ol ”
(2l %) (g2 (22l %) o !
(c89,5) Barnyardgrass
33.07 d 34.92 d 79.90 abc 40.27 f 93.33 4
30.93 g 33.65 d 72.55 bed 35.00 g 85.00 5
9.09 ; 1140 ef 51.96 e 2722 h 67.50 6
399 ¢ 6.20 f 2696 f 19.44 i 39.17 7
263 ¢ 465 f 2157 f 16.67 i 25.83 8
7.27 g 9.88 ef 51.47 e 2778 h 56.67 9
1298 F 1524 e 56.86 e 3489 ¢ 86.67 10
(a55) Velvetleaf
8221 b 8581 b 85.13 a 89.39 a 100.00 4
67.37 ¢ 71.89 ¢ 78.02 abc 8131 b 98.33 5
61.52 ¢ 65.76 ¢ 7491 bed 76.77 ¢ 90.00 6
32.39 d 3531 d 70.61 cd 67.68 d 68.33 7
24.46 e 3291 d 53.58 e 61.11 e 50.00 8
79.15 b 83.07 b 81.90 ab 8485 Db 73.33 9
93.18 a 96.41 a 86.20 a 91.92 a 93.33 10

)5 05 Jleas! o 13 (gl (xe BMS] 4SSl g05T (bl py il oo aliie gy gyl Cygtw a5 Lla u..i;Lml
'Means in every column that followed by the same letter are not significantly differentns (P<0.05) based on Duncans” test.
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Table. 3- Analysis of variance on weeds measured traits in response to water pH variation in glyphosate spray tank.

(&l yo S5ke) Mean square’

Shoot. dry.V\'/. Shoot fr?srl w. Lfaaf area Heig;ht Surv“ival (s :l,'Di';, 3) (;O;b)
(fp oIl Sis (59) (g2 o0l 5 0jg)  (Spghe)  (eW)) ()

36408.77 41043.46" 1640177 34992137 107.44"™ 1 (5,2 wils) Weed
4241.37" 4388.68 " 203043 128870  5980.16 6 () 4l ) Water pH
1831.26 " 1891.54™ 198.78™ 275.95" 46.63" 6 Water pH xWeed

5.83 20.05 15.49 17.88 179.46 70 (Ltalesl clus) Error
6.75 12.07 6.18 7.71 14.85 (e gy Y) CV (%)

L & ns significant at level of 1% and non significant, respectively.
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1- Potassium biphtalate buffer
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Table 4- Interaction between weed and water pH in glyphosate spray tank on mean of weed traits.

Shoot dry w. Shoot fresh w. . . Weeds/
(% control) (% control) ((I)_/eaf a:eal) (O/Helgftﬂ ) (OS/urthaI b Water pH
Tl i s Tob olsdl 5 6 contro 6 contro 6 contro /o dile
AR 0 AREIO8 (Al Sy (LK) gl (el %) ol ”
(w2l %) (g2 (w2l %) o !
(89,4) Barnyardgrass
23.81 f 2597 d 7059 ¢ 4167 g 83.33 4
17.33 g 19.02 ef 63.72 d 3222 h 74.17 5
596 i 782 g 4853 f 3055 h 45.00 6
6.35 i 830 ¢ 4167 g 2055 i 42.50 7
12.12 h 1454 f 56.37 e 3433 h 80.83 8
16.79 g 19.02 ef 63.72 d 3961 g 93.33 9
2248 f 24.25 de 7059 ¢ 4222 g 98.33 10
(as241) Velvetleaf
76.02 ¢ 80.82 b 79.21 ab 81.82 bc 90.00 4
56.93 e 67.05 ¢ 74.73 bc 70.20 d 73.33 5
12.34 h 1497 f 3943 g 5253 f 41.67 6
16.67 g 1951 ef 5358 e 64.14 e 50.00 7
6181 d 67.21 ¢ 7133 ¢ 78.16 ¢ 81.67 8
81.47 b 8431 b 75.27 bc 8459 b 96.67 9
91.08 a 9250 a 8351 a 9545 a 100.00 10

505 05 Jlas] s 3 (s sime B! S0l 9051 ol 2 ity oo aliio gy chld gty 13 &S ple (ySolie
'Means in every column that followed by the same letter are not significantly differentns (P<0.05) based on Duncans’ test.
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Table 5- Parameters of 2 and 3 equations regarding the interaction of water pH variation in nicosulfuron spray tank
on weeds control.

(o capo) R (d) (c) (b) (@ (Yo) (2 y31,b) Parameters
(W) Survival
0.94 - 176 -31.33 16485 -174.54 (89,4) Barnyardgrass
0.91 - 162 -30.77 177.35 -220.53 (as045) Velvetleaf
(g gli,) Height
0.93 - 0.34 524 18.94 27.09 (89,4) Barnyardgrass
0.81 - 0.41 -5.90 19.90 78.64 (as45) Velvetleaf
(S 32 ) Leaf area
0.85 - 079 -12.35 46.26 45.24 (Gg,9+) Barnyardgrass
0.74 -0.29 858 -89.94 390.85 515.61 (as045) Velvetleaf
(2l 55 &y39) Shoot fresh w.
0.90 - 0.30 -421  -1847 51.64 (89,4) Barnyardgrass
0.78 - 0.90 -13.18 47.23 52.41 (as045) Velvetleaf
(L2lgp Suid (y39) Shoot dry w.
0.99 - - 213 -33.21 132.33 (89,4) Barnyardgrass
0.77 - 101 -1532  60.09 24.21 (42,55) Velvetleaf
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Figure 1- Comparison of the regression of weeds measured traits to water pH variation in spray tank of glyphosate
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Table 5- Parameters of 2 and 3 equations regarding the interaction of water pH variation in glyphosate spray tank
on weeds control

(o cup) RZ (d) (©) (b) (@) (Yo) (W 5%l ) Parameters
(+1a) Survival
0.93 -0.93 25.05 -238.16 94543  -1250.90 (<89, 4w) Barnyardgrass
0.87 - -1.48 -35.64  -266.60 686.19 (as045) Velvetleaf
(5 glis,) Height
0.85 -0.24 6.38 59.94 23090  -270.80 (<89, 4w) Barnyardgrass
0.91 - -0.76 18.69 -14.77 400.02 (as045) Velvetleaf
(S p o) Leaf area
0.95 -0.43 11.83  -115.17 485.18 -594.27 (<89, 4w) Barnyardgrass
0.78 -0.49 1296  -120.03 455.45 -523.96 (as055) Velvetleaf
(2lsa 55 o55) Shoot fresh w.
0.92 - -0.23 6.72 -57.95 166.42 (<89, 4w) Barnyardgrass
0.78 - -1.61 40.37  -311.98 795.22 (as045) Velvetleaf
(2lsn i3 59) Shoot dry w.
0.92 - -0.19 5.86 -52.29 152.79 (<89, 4w) Barnyardgrass
0.84 - -1.64 40.89  -315.18 794.81 (as045) Velvetleaf
Sl L aiggls g Byysw 5o sl e JpuS )3 Comps IS oS e 55 ) Jolre PH (S 48T ()50 0
OfS il S 1 (tlew (5 STPH i85 (talesl ol s e gl g Bgpge jpp e ile SIS ol Copmgt S
9 Bgygm o lo cale 318 )3 yg)s8lguwsSs § Cumst IS la 5 2Ll s PH ggemme 308 Jols 69 6-7 (b pH
213 3 48T 250 1) asiygls L dglio )3 (98050585 (2S5 sy LS

10

11

12

&l

Altland J. 2001. Water quality affects herbicide efficacy. Available at www.oregonstate. edu. (visited 25
November 2010)

Berger B.M. and Wolfe N.L. 1996. Hydrolysis and biodegradation of sulfonylurea herbicides in aqueous buffer
systems and anaerobic water sediment systems: assessing fate pathways using molecular descriptors.
Environmental Toxic Chemical, 15:1500-1507.

Bernards M.L., Thelen K.D. and Penne D. 2005. Glyphosate efficacy is antagonized by manganese. Weed
Technology, 19:27-34.

Buhler D.D. and Burnside O.C. 1983. Effect of water quality, carrier volume, and acid on glyphosate
phytotoxicity. Weed Science, 31:163-169.

Burgess P. 2003. Quality of pesticide spray water. Available at www.agrapoint.ca. (visited 5 August 2011)
Caldwell J. 2007. Hard water can hinder chemical efficacy. Agriculture Online News and Features Editor.
Elahifard E. 2005. Investigation on Phalaris minor resistance to Aryloxyphenoxypropionate herbicides. Thesis of
MSc. Agricultural College, Ferdowsi University of Mashhad. (in Persian with English abstract)

Fathi Gh. and Arjmand A. 1999. Herbicides and plant physiology (Translated). Jahade Daneshgahi Mashhad
Press. 172 p.

Green J.M. and Cahill W.R. 2003. Enhancing the biological activity of nicosulfuron whit pH adjusters. Weed
Technology, 17:338-345.

Green J.M. and Hale T. 2005. Increasing and decreasing pH to enhance the biological activity of nicosulfuron.
Weed Technology, 19:468-475.

Hajmohammadnia Ghalibaf K., Rashed Mohassel M.H., Nassiri Mahallati M. and Zand E. 2011. Dose response of
barnyardgrass (Echinochloa crus-galli L.) and velvetleaf (Abutilon theophrasti Medicus.) to glyphosate and
nicosulfuron under greenhouse condition. Journal of Plant Protection, 25(2): 202-213. (in Persian with English
abstract)

Heidekamp A.J. and Lemley A.T. 2005. Hard water. Water quality program, College of human ecology, Cornell
University.

13- Holm F.A. and Henry J.L. 2005. Water quality and herbicides. Available at www.gov.sk.ca. (visited 11 October



539

i ghg S (sl S e )5 1 Gilpows 5500 30 T PH &l i’ (s 2

14-

15-

16-

17-

18-

19-

20

21

22

23-
24-
25-
26-
27-

28-
29-

30-

31

32-

2009)

Istvan D. and Endre M. 2009. Efficacy of herbicides influenced by spray carrier water pH and hardness. Journal of
Agricultural Science, Debrecen. Pp. 141-146.

Matocha M.A. and Senseman S.A. 2007. Trifloxysulfuron dissipation at selected pH levels and efficacy on palmer
amaranth (Amaranthus palmeri). Weed Technology, 21:674-677.

McMullan P.M. 1996. Grass herbicide efficacy as influenced by adjuvant, spray solution pH, and ulteraviolet
light. Weed Technology, 10:72-77.

Mekki M. and Leroux G.D. 1994. Activity of nicosulfuron, rimsulfuron, and their mixture on field corn (Zea
mays), soybean (Glycine max), and seven weed species. Weed Technology, 8:436-440.

Mousavi S.K., Zand E. and Saremi H. 2005. Physiological function and application of herbicides. Zanjan
University Press. 286 p.

Nalewaja J.D. and Matysiak R. 1993. Spray carrier salts affect herbicide toxicity to kochia (Kochia scoparia).
Weed Technologt, 7:154-158.

Nalewaja J.D., Woznica Z. and Manthey F.A. 1990. Sodium bicarbonate antagonism of 2,4-D amine. Weed
Technology, 4:588-591.

Peterson H.G. 1999. Farm chemical spraying and mixing water quality. Available at www.agr.gc.ca. (visited 11
August 2010)

Petroff R. 2000. Water quality and pesticide performance. Available at www.scarab.msu.montana. edu. (visited:
11 August 2010)

Rao V.S. 2000. Principles of Weed Science, second ed. Science Publishers, Inc, New Hampshire.

Sensmen S.A. 2007. Herbicide Handbook. (9" ed). Weed Science Society of America, 458p.

Steinbauer G.P. and Grigsby B. 1959. Methods of obtaining field and laboratory germination of seeds of
bindweeds, lady's thumb and velvetleaf. Weeds, 7:41-46.

Sung S.S., Leather G.L. and Hale M.G. 1987. Development and germination of barnyardgrass (Echinochloa crus-
galli) seeds. Weed Science, 35:211-215.

Terra B.R.M., Martiny A.R. and Lindquistz J.L. 2007. Corn-velvetleaf (Abutilon theophrasti) interference is
affected by sublethal doses of postemergence herbicides. Weed Science, 55:491-496.

Vencill V.K. 2002. Herbicide Handbook. 8th ed. Champaign, IL: Weed Science Society of America, Pp. 216-217.
Vicari A., Zimdahl R.L., Cranmer B.K., and Dinelli G. 1996. Primisulfuron and rimsulfuron degradation in
aqueous solution and adsorption in six Colorado soils. Weed Science, 44:672-677.

Waltz A.L., Martin A.R., Roeth F.W. and Lindquist J.L. 2004. Glyphosate efficacy on velvetleaf varies with
application time of day. Weed Technology, 18:931-939.

Webster T.M., Hanna W.W. and Mullinix Jr. B.G. 2004. Bermudagrass (Cynodon spp.) dose-response
relationships with clethodim, glufosinate and glyphosate. Pest Management Science, 60:1237-1244.

Zand E., Nosrati, I., Hajmohammadnia Ghalibaf K. and Jabbari, H. 2014. Water quality effect on herbicides
performance. p. 385-414. In Zand E., Mousavi S.K., and Heidari A. 2014. Herbicides and their applications (2nd
edition by fundamental changes). Jahade Daneshgahi Mashhad Press. 552p.



