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Fig. 1. Monthly rainfall and average temperature during the two growing seasons (from August 2016

until July 2018)
Reference: The I.R. of Iran Meteorological Organization (IRIMO)
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Table 1. The soil physic-chemical characteristics of the experimental site (0-30 cm depth)
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Table 2. Technical information and dose of adjuvants used in the experiments
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Table 3. Visual injury of herbicides to weeds and saffron based on EWRC scale
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Table 4. Mean and relative of weed density in the experimental saffron field before spraying
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Table 5. Mean comparisons of weed dry weight (g.m?) in different treatments in saffron field
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Adjuvant Herbicide
11.012 abe 42.33 cd* IEATSLIRTNY
None adjuvant
817 26.46° s !
Spray Plus —gd oS ol
10.18 35.9¢ prigel Sl ezl
Ammonium sulphate Haloxyfop-r-
8.47 % 28.50° N methyl
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None adjuvant
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None adjuvant
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Mean of squares df S.0.V.
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C.V. (%)
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*In each column means with same letter are not significantly different at 5% probability level according to Duncan’s test.
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Table 6. Visual injury of herbicides damage to saffron in different treatments based on EWRC scale

Treatment
Sl lam 59, Yo led jlom 59, Yo Lo jlam 9,0 938 eske oSale
30 DAS 20 DAS 10 DAS? Adjuvant Herbicide
1(0) 1(0) 1(0) Weedy Check S s aals
1(0) 1(0) 1(0) Hand weeding oo oy
1(0) 1(0) 1(0) 2938 s
None adjuvant
1(0) 1(0) 1(0) o o]
Spray Plus
1(0) 2 (1-2.5) 1(0) eigel Ay Jeesl 25 (Sl
Ammonium sulphate Haloxyfop-r-methyl
2 (1-2.5) 2 (1-2.5) 1(0) S
Citogate
A uSogun
1(0 1(0 1(0
© © ©) Humix 99
2 (1-2.5) 2 (1-2.5) 1(0) 2958 g
None adjuvant
2 (1-2.5) 2 (1-2.5) 1(0) s
Spray Plus
2(1-25) 2(1-25) 1(0) eyl Sl e sl
Ammonium sulphate Cycloxydim
3(25-7) 2 (1-2.5) 1(0) S e
Citogate
2 (1-2.5) 2 (1-2.5) 1(0) 1 e
Humix 99
2 (1-2.5) 2 (1-2.5) 1(0) 2958 g
None adjuvant
2 (1-2.5) 2 (1-2.5) 1(0) s
Spray Plus
2 (1-2.5) 2 (1-2.5) 1(0) aigel LAl 2055
Ammonium sulphate Clethodim
3(25-7) 2 (1-2.5) 1(0) S e
Citogate
2 (1-2.5) 2 (1-2.5) 1(0) 1 e
Humix 99

2. Days after spray

b: The number inside the bracket represents the visual percentage of damage to the saffron plant.
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Table 7. Mean comparison of saffron traits in different treatments as affected by herbicide type and adjuvants

GBS0 s J5 09 &0 33 §PES Glady dlus Sy Kb 038 i NS o Sloc F 5ol oy yin 30 JS olasxs
Total weight of replacement Number of replacement corms . . 2 . . . 2 Fresh weight of flower "
2 2 Dried weight of leaves (g.m™) Dried yield of stigma (mg. m™) P Flowers number per m Treatment
corms (g.m) (corms.m) (g.m™?)
723.83cdef 191def 106.16¢h 228.8cdef 19.93cdef 48.33cdef* 957 oy
None adjuvant
893.17ab 229.09a 115.59ab 268.8b 24.27b 58.66b s ]
Spray Plus
816.55abcd 214ab 111.116abc 242bcd 21.73bcd 54.66bcd peiyel Ay Jesl ot Sl
Ammonium sulphate Haloxyfop-r-methyl
888.61ab 217.33ab 112.29abc 254.4 be 23.1bc 57.33bc e s
Citogate
771.45bcde 198.66¢cde 106.47bc 232 cde 20.95cde 52.33cde 18 e
Humix 99
661.7efg 196.33¢de 103.63¢ 192fg 17.93¢fg 44.33¢f 57 g%
None adjuvant
862.66ab 216.33ab 110.72abc 245.1bcd 22.68bcd 56bcd s !
Spray Plus
854.03ab 217.33ab 110.126abc 242.66¢de 22.456bcd 55bcd eeiyel il et
Ammonium sulphate Clethodim
714.78cdefg 188.33def 108.73ch 210.14defg 19.49def 48.66cdef ;“tz;;;
710.73cdefg 190def 105.05¢ 198.8efg 19.09def 47.66def 1 Saen
Humix 99
642.82fg 176.6f 102.26¢ 186.56gh 15.62g 42f 232 o
None adjuvant
868.99ab 203bcd 107.123bc 230.5cde 21.63bcdf 58.33b oM !
Spray Plus
el
820.08abc 210.33bc 104.54¢ 2260def 20.86bcde 55bcd iyl il ot sl
Ammonium sulphate Cycloxydim
684.1efg 186.6ef 103.61c 196.26¢fg 16.82fg 45.33¢f S
Citogate
698.76defg 192def 102.56¢ 198.7efg 17.85¢fg 47def 1 Sagen
Humix 99
600.38g 190.4def 102.35¢ 155.61h 15.01g 39.6f S5 g e
Weedy control
938.15a 226.61a 118.99a 310.67a 27.86a 69.66a Nk
Hand weeding
©layyo (uSilee o3l 4z 50 by 4 50
Mean of squares Df ANOVA
3307.37™ 486.9%* 31.10™ 806.11" 431 31.94™ 2 replication 53
30947.64** 698.15%* 70.733% 3941.11%* 32.11%% 166.69** 16 Treatment Lo
4092.14 62.005 33.81 389.6 3513 23.566 32 Error o
8.26 3.88 5.39 17.55 9.173 9.37 CV (%) Slpis oy

el 3,0 S Lotz mhans 50 I8 gixe g (5,0 e pas caias jlas oS 4y
*In each column means with same letter are not significantly different at 5% probability level according to Duncan'’s test.

il ed 5SS 05T bl oo i Jlel mhaw jo o cre BB gl ls S e By > b 2 Siloe 5w ,2 0 %

ns, and ** represent non- significant and significant at 1% level probability, respectively.
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Table 8. Mean comparison of weed biomass, flowers number, dried stigma yield, number and weight of corms between treatments based on orthogonal contrasts

X sy S (39
Total weight of
replacement corms
(g. m?)

30 G5 sl slaxy

&0 o
Number of
replacement corms
per m?

S S 59
Dried weight of
leaves (g.m?)

Sl S 5 Ko

(@ 3 5 ()
Dried yield of stigma
(mg. m?)

(e 5 55 p,5) iy sladide S (439

818.72 vs. 760.78*
760.78 vs. 742.75™
871.73 vs. 833.09"
762.49 vs. 852.41**
726.98 vs. 822.4**
676.1vs. 798.57**

210.28 vs. 201.66**
201.6 vs. 194*
216.47 vs. 213.5™
197.88 vs. 215.01**
193.5 vs. 209.3**
189 vs. 205.4**

110.31 vs. 107.68"
107.68 vs. 104.01"™
110.95 vs. 108.8™
108.19 vs. 109.87ns
104.65 vs. 109.31*
104.07 vs. 108.14ns

245.19 vs. 217.75**
217.75 vs. 207.6™
247.3 vs. 237.7"

220.26 vs. 242.5**

209.86 vs. 235.09**
202.4 vs. 228.8**

oo yin 35 US olasd Weed dried weight(g.m2) ©lann Lo
Flowers number per ] ] ] ] 955
m? BTSSR o 9 ¥ Orthogonal
o eloans contrasts
90 DAS 30 DAS
54.26 vs. 50.33* 9.58 vs. 11.27™ 34.29 vs. 38.38** 1
50.33 vs. 49.53™ 11.27 vs. 19.53** 42.43 vs. 38.38** 2
57.33 vs. 55.22™ 11.09 vs. 11.24™ 27.82 vs. 33.15** 3
50.44 vs. 56.27** 12.71vs. 11.17™ 39.35 vs. 30.49** 4
49 vs, 54.33** 13.8 vs. 11.68* 46.32 vs. 33.44** 5
44.8 vs. 53** 18.46 vs. 12.21** 50.2 vs. 36.6** 6

ns, * and ** represent non significant, significant at 5% and 1% level probability, respectively

2: Comparisons of treatments consisted of Clethodim versus treatments consist of Cycloxydim

1: Comparisons of treatments consisted of Haloxyfop-r-methyl versus treatments consist of Clethodim

3: Comparisons of treatments consisted of Spray Plus versus treatments consist of Ammonium sulphate
4: Comparisons of treatments consisted of Citogate versus treatments consist of Spray Plus and Ammonium sulphate
5: Comparisons of treatments consisted of Humix 99 versus treatments consist of adjuvants others.

6: Comparisons of treatments consisted of herbicide alone versus treatments consist of herbicide+ adjuvants

bl oo 1Y) s 50 )0 g 5 10 haw 10 I cime 5,0 s pas oies L oS 5 4w g % NS
205l ol slajlos e 55 Jete)] ogd (S olle (iSile Jols slo Lo agli 1)

S gl A5 ale ol slaylos ply )3 muogtls (25 ile Jol (lo Lo anlie :¥

peigel Sy g3l (slasloi b ply 53 936 el (399581 oole ol (sl Lo nylin ¥

gl Slilgas 5 adlys sl ol (slojlocs b dungliio 50 S g (09381 03le Jolis (gl Lo aunylie o
5998 Slge plu (sol> 6lo Lo b aslin 10 WSaged (slo Lo anylio 0

0958l Slgs + S ale Jolis sl Lot s 55 e 4 iSile slo Lo aylin #



YYV..o Ol gl 53 ACCaSe o5 ls5L sla iS5 ale gl 2L 25 OLSKer 5 s

ol gmoldl ) e wScale ol 1 cowlin Co o
ACCase oo,l55L slo zScale 4 55538 slge 3438

s ale JuS o b mSaale Q%‘ Last;)‘l)lf .\.31536‘,
L > golaidl Ll 5l Cdlas Q.;.I FLERV-X w..»l)sl Iy 5,
‘ui.,,bLaﬂ Q.ll @L..; u.;L.J » ‘615 Sebds el Ce_onl
Loolie; g5l S ok 50 slocale annge Jyu8
LYzl 0 ACCase sui)losl sla zScale 5l oolax .l
CS g g M |51 s |t logd oo Sl
Syt 39958 ools oy e a5 Jl> 0 090 colaiul
WJMS}M 9 M%;’JS sl S ale u>_',‘I)lS Sgi

Abbasi, M.E., 1996. The effect of
different herbicides on saffron
(Crocus sativus L.) weeds. MSc
Thesis, Ferdowsi University of
Mashhad, Iran. [in Persian with
English Summary].

Abbasian, M., Bazobandy, M., and
Soohany Darban, A.S., 2014. Effect
of Application Single and mixed
herbicides on weeds and weight
saffron corm at Nishapur. J. of
Weed Ecol. 1(1), 9-20. [in Persian
with English Summary].

Agricultural Statistics., 2018.
Department of Planning and
Economy. Retrieved March 2020,
from http://www.maj.ir/

Altland, J., 2001. Water quality affects
herbicide  efficacy.  Retrieved
October 2017, from http://www.
oregonstate.edu.

Avarseji, Z., Rashed Mohassel, M.H.,
Nezami, A., and Siyahmarguei, A.,
2016.  Investigation of the
possibility of increasing efficiency
of Pinoxaden and Clodinafop by
different application methods of
these herbicides. J. Plant Prod.
Res.. 22(4), 243-260. [in Persian
with English Summary].

Behravan, R., Eslami, S.V., Behdani,
M.A., and Zand, E., 2015.
Evaluation of mixing some ACCase
inhibitor herbicides with liquid
fertilizer PROLEX on growth

i sbale g ol gl b (el
ssbas 1y olhes 50 glaaty o 5 Gl o Slas
STl a5l (o o FA B VE ) glalisdle Ll

Sl 1 s 4 3 s b demilin 3 la S ile
dals Lo b dwslie (o aS aiz o ailais o aie i
ol )l g jsbar ) pliaes o Slae (]S pae
oSile (o) poy9e sla S le (rm jo sl
Sl 5 5,0 slacile J5 55 )] gh S5l
@l 5o e b pSale a5l olyhe; o Shae
5l sl ESGle 3 Canglia S ity oS
5 ol o Slge 5l eolaz ol b WL oYL ACCase

&b

characteristics and yield of saffron
(Crocus sativus L). J. Saffron Res.
4(1), 42-52. [in Persian with
English Summary].

Cabanne, F., Gaudry, J., Streibig, J.C.,
1999. Influence of Alkyl Oleates on
efficacy of Phenmedipham applied
as an acetone: Water solution on
Galium aparine. Weed Research.
39, 57-67.

Cathcart, R.J., Chandler, K., and
Swanton, C.J., 2004. Fertilizer rate
and response of weeds to
herbicides. Weed Sci. 52, 291-296.

Forouzesh, A., Zand, E., Soufizadeh, S.
and Smadia Foroushani, S., 2015.
Classification of  herbicides
according to chemical family for
weed resistance  management
strategies— an update. Weed Res.
55(4), 334-358.

Gherekhloo, J., Rashed Mohassel, M.H.,
Nassiri Mahallati M., Zand, E.,
Ghanbari, A., and De Prado, R.,
2008. Greenhouse assay to
investigate resistance of little seed
canary grass (Phalaris minor) to
aryloxyphenoxy propionate
herbicides. Iran. J. Field Crop Res.
6, 353-361. [in Persian with
English Summary].

Ghorbani, R., and Koocheki, A., 2006.
Organic saffron in Iran: Prospects
and challenges. In: Proceedings
2nd International Symposium on


https://www.infona.pl/resource/bwmeta1.element.wiley-wre/tab/jContent
https://www.infona.pl/resource/bwmeta1.element.wiley-wre/tab/jContent/facet?field=%5ejournalVolume&value=%5e_00055
https://www.infona.pl/resource/bwmeta1.element.wiley-wre/tab/jContent/facet?field=%5ejournalVolume%5ejournalNumber&value=%5e_00055%5e_00004

WA Glis 5 sl 3 oslad cpitin - Ol e 5 sla has 3 4,45 YA

Saffron Biology and Technology,
28"-30" October, Mashhad, Iran.
p. 369-374. [in Persian with
English Summary].

Izadi-Darbandi, E., and Hosseini Evari,
Z., 2016. Study of flora and
structure of weed communities of
saffron fields in Kashmar and
KhalilAbad counties. J. Saffron
Res. 4(2), 249-265. [in Persian
with English Summary].

Khorramdel, S., Rezvani Moghaddam,
P., Mollafilabi, A., and Valizadeh,
S., 2017. Investigation of weed
species diversity and community
structure in saffron fields of
Khorasan. Saffron Agron. &
Technol. 5(3), 211-229. [in Persian
with English Summary].

Mamnoie, E., lzadi-Darbandi, E.,
Rastgoo, M., Baghestani, M.A., and
Hasanzade, M., 2016. The Effect of
organic and biofertilizers on maize
(Zea mays) and HydroMax
adjuvants application on
optimizing of Nicosulfuron
herbicide efficacy. J. Crop Prod.
and Proc. 7(1), 55- 71. [in Persian
with English Summary].

Mirzai, M.1l.,, Rastgoo, M., Haj
Mohammad Nia Ghalibaf, K., and
Zand, E., 2018. The Effect of water
hardness and ph on the efficacy of
Sethoxydim (EC 12.5%) on winter
wild oat (Avena ludoviciana)
control. Pestic. in Plant Prot. Sci.
5(1), 67-79. [in Persian with
English Summary].

Mueller, T.C., Main, C.L., Thompson,
M.A., and Steckel, L.E., 2006.
Comparison of glyphosate salts
(Isopropylamine, demonism and
potassium) and calcium and
magnesium concentration on the
control of various weeds. Weed
Technol. 20, 164-171.

Nalewaja, J.D., Matysiak, R., and
Szelenzniak, E., 1994. Sethoxydim
response to spray carrier chemical
properties and environment. Weed
Technol. 8, 591-597.

Padarloo, A.A., lzadi Darbandi, E.,
Rashed Mohassel, M., and Feizi,
H., 2018. Study of flora and
structure of weed communities of

saffron (Crocus sativus L.) fields in
the Khorasan Razavi province.
Saffron Agron. & Technol. 6(3),
339-353. [in Persian with English
Summary].

Raajae, M., 1994. An evaluation of the
influence of different herbicides on
weed species of saffron fields.
Scientific and Industrial Research
Organization, Gonabad, Iran. 214
p. [In Persian].

Rashed Mohassel, M.H., 1992. Weeds of
South Khorasan saffron fields. J.
Agric. Sci. and Tech. 6, 118-135.
[in  Persian  with  English
Summary].

Rastgoo, M., Kargar, M., and
Assadolahi, H., 2013. Evaluation
the possibility of  reducing
Haloxyfop-R-methyl ester (Gallant
super®) dose by some vegetable
oils in little seed canary grass
Phalaris minor Retz. Agron. J.
(Pajouhesh & Sazandegi). 106,
153-161. [in Persian with English
Summary].

Salisbury, C.D., Chandler, J.M., and
Merkle, M.G., 1991. Ammonium
sulphate enhancement of
glyphosate and SC-0224 control of
Johnsongrass (Sorghum
halepense). Weed Technol. 5, 18—
21.

Sharifi Ziveh, P., and Mahdavi, V., 2012.
Evaluation of the effectiveness of
different herbicides on weed
invasion in the fields of triticale. J.
Plant Prot. Res. 52, 435-439.

Soltani, A., 2014. Soil Water and Plant
Relationship. Jihad Daneshgahi
Mashhad Press, Mashhad, Iran.
252 p. [In Persian].

Zand, E., Mousavi, S., and Heidari, A.,
2008. Herbicides and Their
Application. Jihad Daneshgahi
Mashhad Press, Mashhad, Iran.
567 p. [In Persian].

Zareei, T., Kazemini, S.A., and Ghadiri,
H., 2015. Effects of herbicide
haloxifhop-R-Methyl ester
application and surfactant on grass
weeds control, safflower yield and
yield components. J. Crop Improv.
16(4), 945-956. [in Persian with
English Summary].


https://jci.ut.ac.ir/?_action=article&au=183539&_au=Tayebeh++Zareei
https://jci.ut.ac.ir/?_action=article&au=149877&_au=Hossein++Ghadiri
https://jci.ut.ac.ir/issue_7026_7191_.html
https://jci.ut.ac.ir/issue_7026_7191_.html

Journal of Saffron Research (semi-annual)
Vol.8, No.2, Fall & Winter, 2020-2021

p. 223-239
http://dx.doi.org/10.22077/jsr.2020.2623.1107

O
L0 d

University of Birjand

Original Article:

Improving the Efficacy of Some ACCase Inhibitor Herbicides against
Weeds in Saffron (Crocus Sativus L.) using Adjuvants

Zahra Hosseini- Evarit, Ebrahim Izadi-Darbandi*?, Mohammad Kafi¢, Hassan Makarian*
1- Ph.D. Student of weed science, Department of Agrotechnology, Faculty of Agriculture, Ferdowsi
University of Mashhad, Mashhad, Iran.
2- Associate Prof., Department of Agrotechnology, Faculty of Agriculture, Ferdowsi University of
Mashhad, Mashhad, Iran.
3- Professor, Department of Agronomy and Plant Breeding, Department of Agrotechnology, Ferdowsi
University of Mashhad, Mashhad, Iran.
4- Associate Professor, Department of Agronomy and Plant Breeding, Faculty of Agriculture, Shahrood
University, Shahrood, Iran.
* Corresponding author Email: e-izadi@um.ac.ir

Received 01 July 2019; Accepted 05 May 2020

Abstract

In order to improve the efficacy of ACCase-inhibitor herbicides using adjuvants in the control of
grassy weeds in saffron cultivation, a field study with three replications based on a RCBD was
conducted during 2016-2017. Herbicides including Haloxyfop-R-Methyl, Clethodim and
Cycloxydim (108, 96 and 120 a.i. ha’l, respectively) were investigated when they were tank mixed
with and without spray plus (0.3% v/v), Ammonium sulphate (2% w/v), Citogate (0.2% v/v) and
Humix 99 (0.25% w/v) as well as a control plot with no herbicide application and hand weeding.
The highest relative density for Hordeum murinum L. and Hordeum spontaneum C.Koh. were
recorded with 36.71% and 24.05%, respectively. Results showed that hand weeding was significantly
(14 up to 49%) increased flower yield and replacement yield of saffron. Adjuvants were enhanced
the herbicide efficacies compared to control up to 27 and 34%, respectively. The herbicides were
classified as decreasing dry weight of grassy weeds and increasing saffron yield as Haloxyfop-R-
Methyl > Clethodim > Cycloxydim. Spray plus and Citogate were the best adjuvant to optimize the
efficiency of Haloxyfop-R-Methyl, while Ammonium sulfate and spray plus are recommended to
improve the efficiency of Clethodim and Cycloxydim herbicides. Based on the results, Humix 99
increased flower yield and replacement yield of saffron from 1.5% (mixing with Haloxyfop-R-
Methyl) up to 12% (mixing with Cycloxydim), although this increasement was not significant.
Mixing Humix 99 with Cycloxydim significantly reduced the weeds dry weight up 30%, but its effect
was not significant on other treatments.

Keywords: Chemical control, Grassy weeds, Phytotoxicity.



