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Investigationg the effect of organic and biofertilizers and Hydromax adjuvant on nicosulfuron
herbicide persistence in soil using bioassay method
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ABSTRACT
To study the effect of organic and biofertilizers and Hydromax adjuvant on nicosulfuron herbicide
persistence in soil, a factorial arrangement experiment based on completely randomized block design with
three replications was conducted in a corn field at Ferdowsi University of Mashhad, using bioassay method
during 2014-2015. Cow manure, vermicompost and mycorrhiza biological fertilizer applications with a
control treatment, nicosulfuron dose (80 and 40 g a.i ha!) and using of Hydromax adjuvant and without
adjuvant were experimental treatments. To determine the nicosulfuron residue in the soil after herbicide
application, soil sampling was done from 0-15 cm depth of soil at different periods of 0, 2, 5, 8, 16, 30, 60,
90 days after spraying and then transferred to the greenhouse and bioassay experiment was carried out by
garden cress (Lepidium sativum) as bio-indicator plant. Results showed that by increasing the dose of
nicosulfuron, its degradation rate decreased and nicosulfuron half-life increased. When Hydroxide was
applied with nicosulfuron, nicosulfuron degradation rate decreased and its half-life increased. Application
of nicosulfuron in reduced dose plus Hydroxide, nicosulfuron persistence decreased. When organic and
biofertilizers applied to the soil nicosulfuron nicosulfuron Haff-life decreased.The highest nicosulfuron
degradation rate (0.07 pg/kg/day) and the lowest nicosulfuron half-life (9.76 days) achieved when
nicosulfuron applied in reduced dose (40 g a.i ha™!) plus Hydroxide and cow manure application conditions.
Overall results showed that organic and biofertilizers application with reduced dose of (40 g a.i ha™') plus
Hydroxide can reduce persistence of nicosulfuron in the soil.
Keywords: Cow manure, degradation rete, garden cress, half-life, persistence.
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Table 1. Some characteristics of organic and biological fertilizers used in the experiment

- mg/kg oC EC
Fertilizer N K P %) (dsm?) pH
Cow mane 11375 4104 7430 20 452 872
Vermicormpost 10033 2371 7820 15 581 844
Mycorthiza 6125 97 3680 10 246 812

Organic Mater (OM) ,Organic carbon (OC)
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Table 2. The effect of nicosulfuron residual levels in the soil on dry weight of garden cress shoot

Nicosulfuron

(ug/ke soil) Control (g) Mycorrhiza (g) Vermicompost (g) Cow manure (g)
0 0.87%(0) 0.88 % (0) 0.87%(0)
0.5 0.82 °(6) 0.82°(6) 0.82°(7) 0.81°(7)
2.7 0.62 °(28) 0.66 ¢ (25) 0.64 ¢ (27) 0.68 ©(22)
5.4 0.414(54) 0.434(51) 0.414(53) 0.56 4 (36)
10 0.31°(65) 0.32°¢(63) 0.34°(61) 0.43°(51)
24 0.16 "(82) 0.16 "(81) 0.16 "(82) 0.247(72)
32 0.10 £(89) 0.11 2 (88) 0.10 ¢ (89) 0.16 & (82)
42 0.05 " (94) 0.05 " (95) 0.05"(95) 0.09 " (90)
53 0.009 ' (99) 0.01"(99) 0.01"(99) 0.017(99)
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Means with the same letters in the same column are not significantly different (LSD 5%). Numbers in parentheses indicate the weight loss percentage

compared to initial weight.
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Table 3. The effect of nicosulfuron residual levels in the soil on dry weight of garden cress root

Nicosulfuron (ng/kg soil) Control (g) Mycorrhiza (g) Vermicompost (g) Cow manure (g)
0 0.322(0) 0.332(0) 0.342(0) 0.36 * (0)
0.5 0.20" (36) 0.27°(20) 0.29° (16) 0.31%(24)
2.7 014 < (56) 0.19 ¢ (60) 0.21°(39) 0.23°(36)
5.4 010 « (48) 0.14 ¢ (60) 0.15¢(57) 0.16 ¢ (56)
10 0.08 % (33) 0.10 ¢ (71) 0.10 ¢ (70) 0.12¢(67)
24 0.05 < (84) 0.05 % (85) 0.05 <(85) 0.05 ¢ (85)
32 0.02 7(93) 0.02°(93) 0.02 ¢ (93) 0.02 ¢(93)
42 0.009 (97) 0.01°(97) 0.01°(97) 0.01 ¢ (97)
53 0.003 F(99) 0.004 © (99) 0.005 © (99) 0.005 F(99)
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Means with the same letters in the same column are not significantly different (LSD 5%). Numbers in parentheses indicate the weight loss percentage

compared to initial weight.
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Table 4. Parameters estimated of 3 parameters logistic model fitting to root and shoot dry weight of garden cress and nicosulfuron residual in the soil

organic

Dry mater Fertilizer Slope (b) upper limit (d)  (ga.i. ha') (gai.ha') (gai.ha') R2
CM 0.96 (0.05) 0.90 (0.04) 0.30 (0.06) * 2.96(0.32)* 29.69 (2.63)* 0.99

Shoot Ver 0.97 (0.045) 0.92 (0.04) 029 (0.05) * 2.76 (0.29) 2636 (2.28) 0.99
Myc 1.02 (0.049) 0.90 (0.03) 0.29 (0.06) * 2.55(0.27)® 22.18 (1.85° 0.99
Con 1.07 (0.049) 0.90 (0.04) 0.27 (0.05) * 2.05(0.21)" 15.85 (1.25¢° 0.99
M 0.95 (0.01) 038 (0.04) 027 (0.15)° 2.81 (0.91) 28.87 (6.16° 0.99

Root Ver 0.93 (0.10) 0.37 (0.04) 0.22 (0.12) * 2.32(0.77)* 24.33 (5.28'° 0.99
Myc 1.01 (0.11) 0.38 (0.05) 0.28(0.14)* 2.44(0.75)* 21.31 (4.24° 0.99
Con 1.03 (0.11) 038 (0.05) 0.23 (0.09) * 1,62 (0.42) * 11.33 (2.04)° 0.99

e Sl gl S 55l Jotls sl

Numbers in the parenthesis indicate standard errors. Cow (Cow manure), Ver (Vermicompost), Myc (Mycorthiza), Con (Control).
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Figure 1. Root dry weight of garden cress changes (percentage) in response to nicosulfuron residue in th soil in organic
fertilizer, hydromax and different rates herbicide treatments. (A): Nicosulfuron 80 g a.i ha, (B): Nicosulfuron 40 g a.i ha,
(CM): Cow manure, (Ve): Vermicompost, (My): Mycorrhiza, (Co): control without fertilizer, (H): HydroMax.
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Figure 2. The trend of nicosulfuron residue in soil using dry weight of garden-cress root in different levels of organic fertilizer and herbicide. 40
(A) and 80 (B) g nicosulfuron ai/ha, (C) Cow manure, (V) Vermicompost,( M) Mycorrhiza) and (N) (control without fertilizer).
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Table 5. First-order kinetic equation parameters estimated from calculated nicosulfuron residue in soil using garden cress root dry weightin
without organic fertilizer and Hydromax treatments

nicosulfuron K

DT50 DTgo

2
(g ai/ha) (ng/kg soil) (ng/kg soil) (day) (day) °
40 0.04 (.0009) * 25 (0.46) 17.33 57.56 0.99
80 0.039 (0.0009) * 50 (0.90) 17.77 59.05 0.99
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DTs and DTyy:time required to degrade 50% and 90% of herbicide residue. K: coefficien of degradation and Cy: initial concentration of herbicide. The
numbers in parentheses indicate the standard errors. Similar letters in each column indicate non significant different (5%).

oealS gl s p\lolﬂ)’jbj\\//\/vﬁ\\//ﬁ‘ o S
(DTop) S 55 05558 5 555 sbiladly Ao ys 4
(0 dsdr) 55 55, 04700 5 OV/ON S S 5
DToo 5 DTs0 «0 5,5 58 s 555 40525 Lo s (ot
Loy e gl el i 055 b edd anlwe
b os (Wleis esls OLiS Waesls) wils gaslin
(Nosrati et al., 2007) O, Ken 5 2 bl

Sl 3B ASCile U ae lde a5 isls QLA

WS Lo n bgme Sbsls
Lo s 4S5 5ba (0 J ) LB 055 8] o S
O3 ey Go b 5l ol deslons 055 5] 50 555 44 23
S 3 05558 5 S0 Ll 4 Lo ) S
A 536 550 00l f;/\. st o8 sl s
o9l esle Jﬂ slas S 58 ey Ll o s
AAR S e (aals) S sds
«(DTs0) Lol o 4ad G55 53 p SAS 530 55 o

o/t



(MW aslacide (il e /(VE00) 0L 5 o gns v

(bl Jadzils o b (gols pme VA oS 5y
£0) 4l 2als sl 55 O s 5S4 2 S
G sl el 05k 5 L (o5 edle p S
S 3g 555 05 eSS 5 p S5 Se v /vE 5 /0T
orzmen (Vo) Ll oo b (g)ls e DMt
S ssden G235 a3k 3 IS S Lsls 0L b
rstad GRIB o Ol sSE olea w
5 day 4SS sbas LS DToo 5 (DTso) iSdle
wslh tals glajles 53 (DTs0) Oy sd) s 5SS
(Sasdn O 5 Lo e enlep SE) S ils
53 01 e aas 5 35 50, WY S WV (5 S
(S sden ok 5 L QLS s e SAY Jlde sl
Oley e yimmad 39 59, WIVY 5 YAYE (S e
05 poScde slladl ds s 40 als (ol WN
(VU Jodr) cils plie Wy, 50 (DTg) Sb=
5 DTS0 05,58 5 555 a5 Lo sla el
s (’U‘” 03 55 L) Proewlons ) 31 Jol>= DToo
o3l OLA Waesls) iy olie Ly, 50 AL

(JJ‘oM

53 das [l OF Wlews 5 28 1) 4 S e
Ol Bl b aS il el Ole3l o Sos sla 1S
EL) 05,585l 5 5 Oapsl g O pme I
5 (zadi, 2014) -5l 5T (Ghamary et al., 2000
ol dilews (Tiryaki & Temut, 2010) -JI, 5la 5
Sl OF 51 St gy b o 2l 53l S s
s A o & clal Jas Ll il &S
<l 36 5 (Gupta & Gajbhiye, 2002) sl
bl Sn lled 28 5 ba S ile o
2 Sse Jﬂ\j; Slegd e (Chowdhury et al., 2008)

el S s iSile g Bk il 58l
2 ol imn b 5 ey sdon g5l asle s )lS
Lol OoosilsmsSo SSdle aps o
O30 g 555 & 28 oo e i 35380 e3le a5 )8
Sosba (W dsdr) Lil als g)ls pms ) sba
o3 3V O sl 3o S5 4325 0 3550 0 e
o ise osle o SAY Sl >y S O3y (i
s e Sa g O 5 b QS S dls
350 53 S eSS 53 0 S5 Se +/0YA 5 /0 TA

lasled s Al aly) S5 O 5 ealil b D9 58 o 555 0 aaloma (Sbl 3315 5 Jool gl 453 (St dlslas gl 7l b 1 g

I sl 58 Osy ol 43 Ko gkt g S ile e 5 5,18
Table 6. First-order kinetic equation parameters estimated from nicosulfuron residue using dry weight of garden cress root in different
nicosulfuron rate and Hydromax without organic fertilizer treatments

nicosulfuron HvdroMax K Co DTS50 DT90 R

(g ai/ha) y (ng/kg soil) (ng/kg soil) (day) (day)

40 WH 0.04 (.0009) * 25 (0.46) 1733 57.56 0.99
H 039 (0.0009) * 25(0.45) 17.77 59.04 0.99

80 WH 0.039 (0.0009) * 50 (0.90) 17.77 59.05 0.99
H 0.038 (.0009) © 49 (0.90) 18.24 60.59 0.99
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DTspand DTyy: time required to degrade 50% and 90% of herbicide residue. K: coefficient of degradation, and Cy: initial concentration of herbicide. Numbers
in the parentheses indicate the standard error. Similar letters in each column indicate non significant difference at5% of probability level. .H: HydroMax), WH:
without HydroMax.
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Table 7. First-order kinetic equation parameters estimated from nicosulfuron residue using dry weight of garden cress root in organic fertilizer
and nicosulfuron rate without Hydromax treatments

oreanic mater nicosulfuron K Co DT50 DT90 R2
& (g ai/ha) (ng/kg soil) (ng/kg soil) (day) (day)

CM 40 0.073(0.002) * 25(0.48) 9.50 31.54 0.99
80 0.071 (.001)* 50 (0.95) 9.76 32.43 0.99

Ver 40 0.066 (.001)® 25(0.47) 10.50 34.89 0.99
80 0.063 (0.001) © 50 (0.94) 11.00 36.55 0.99

Myc 40 0.06 (0.001) * 25 (0.46) 11.55 38.38 0.99
80 0.058 (0.001) © 50 (0.93) 11.95 39.70 0.99

Con 40 0.04 (.0009) " 25 (0.46) 17.33 57.56 0.99
80 0.039 (0.0009) * 50 (0.90) 17.77 59.05 0.99
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DTy and DT time required to degrade 50% and 90% of herbicide residue. K: coefficient of degradation, and Cy: initial concentration of herbicide. Numbers
in the parentheses indicate the standard error. Similar letters in each column indicate non significant difference at 5% of probability level. . Cow: Cow manure,

Ver: Vermicompost, Myc: Mycorrhiza, Con: Control.
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Table 8. First-order kinetic equation parameters estimated from nicosulfuron residue using dry weight of garden cress root in organic fertilizer,
nicosulfuron rate and Hydromax treatments

Organic nicosulfuron

K

Co

DT50

DT90

mater (g ai/ha) HydroMax (ug/kg soil) (ng/kg soil) (day) (day) R2
» WH 0.073(0.002) * 25 (0.43) 9.50 31.54 0.99

oM H 0.071 (0.071)® 25 (0.47) 9.76 32.43 0.99
30 WH 0.071 (.001) ¢ 50 (0.95) 9.76 32.43 0.99

H 0.069 (0.001) ¢ 50 (0.94) 10.05 3337 0.99

»” WH 0.066 (.001) @ 25 (0.47) 10.50 34.89 0.99

Ver H 0.064 (0.011) % 25 (0.46) 10.83 35.98 0.99
80 WH 0.063 (0.001) © 50 (0.94) 11.00 36.55 0.99

H 0.061 (0.001) " 50 (0.94) 11.36 37.75 0.99

40 WH 0.06 (0.001) ¢ 25 (0.46) 11.55 38.38 0.99

Mye H 0.059 (0.001) f 24(045) 11.75 39.03 0.99
¥ 30 WH 0.058 (0.001) f 50 (0.93) 11.95 39.70 0.99
H 0.056 (.001) & 50 (0.94) 12.38 41.12 0.99

» WH 0.04 (.0009) " 25 (0.46) 17.33 57.56 0.99

Con H 039 (0.0009)" 25(0.45) 17.77 59.04 0.99
30 WH 0.039 (0.0009)_h 50 (0.90) 17.77 59.05 0.99

H 0.038 (.0009) ' 49 (0.90) 18.24 60.59 0.99
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DTsj and DTyy: time required to degrade 50% and 90% of herbicide residue. K: coefficient of degradation, and Cy: initial concentration of herbicide. Numbers
in the parentheses indicate the standard error. Similar letters in each column indicate non significant difference at 5% of probability level. . Cow: Cow manure,
Ver: Vermicompost, Myc: Mycorthiza, Con: Control, H: HydroMax, WH: without HydroMax.
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