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Extended Abstract

Introduction: Saffron (Crocus sativus L.) is recognized as an important medicinal and
commercial plant in Iran, particularly in arid and semi-arid areas. Weeds are recognized
as a significant limiting factor in saffron production. Saffron suffers in its ability to
compete with weeds for light, water, and nutrients due to its restricted vegetative
development. Grass weeds are among the most significant and troublesome weeds
affecting saffron. Significant and troublesome grass weeds in saffron fields comprise
Hordeum murinum, Bromus tectorum, Hordeum spontaneum, Aegilops geniculata, and
Lolium rigidum. The predominant technique for managing weeds in saffron fields is hand
weeding, employed alongside other ways, including chemical approaches, due to its labor
intensity, cost, and time requirements. Herbicide efficacy can be improved economically
and effectively with adjuvants. Consequently, the application of adjuvants is suggested
to improve the performance of herbicides that block acetyl-CoA carboxylase. Although
a few studies have examined the efficacy of herbicides with additives in saffron
cultivation, this study specifically investigates the effects of adjuvants combined with the
herbicide haloxyfop R-methyl on grass weed density and biomass in a four-year-old field.

Materials and Methods: The research employed a factorial design based on a
randomized complete block design with three replications in a four-year-old saffron field.
Cultivation occurred in a 20 x 20 centimeter mound with a density of 4 corms per mound
(equating to 100 corms per square meter). The research was conducted in a four-year-old
field by using a factorial design based on a randomized complete block design with three
replications. The first factor was haloxyfop R-methyl concentration at 0%, 50% (0.5 L
or 54 g ai hal), 75% (0.75 L or 81 g ai ha'), and 100% (1 L or 108 g ai ha) of the
recommended dosage (108 g ha*). The secondary factor was no additive, citogate oil,
and corn oil (0.5% v/v). Corn oil was extracted using cold pressing, while Zarangaran
Pars Company supplied citogate oil (an alkyl aryl polyglycol ether). Applications were

@ Copyright © 2024 by the authors
Published by_University of Birjand. Submitted for possible open access publication under the terms and conditions of
BY the Creative Commons Attribution 4.0 International (CC BY 4.0) license _(https://creativecommons.org/licenses/by/4.0)



https://birjand.ac.ir/en
https://creativecommons.org/licenses/by/4.0
https://creativecommons.org/licenses/by/4.0
https://creativecommons.org/licenses/by/4.0/
mailto:hhammami@birjand.ac.ir
mailto:hhammami@birjand.ac.ir
https://doi.org/10.22077/jsr.2025.9948.1286
https://doi.org/10.22077/jsr.2025.9948.1286
https://orcid.org/0000-0002-7310-4623
https://orcid.org/0000-0002-5266-7216
https://orcid.org/0000-0002-7925-3259

Vol. 13, No. 2, p. 237-252, 2025 238

conducted using a rechargeable sprayer calibrated with a uniform air nozzle (8002) at a
pressure of 2 bars during the four-leaf stage of grass weeds. A plastic cover was
employed prior to spraying to prevent wind drift. Broadleaf weeds were removed from
all plots. Three plots were designated as no-weed control, whereas three plots were
classified as complete weed control. Four weeks post-treatment, the quantity of grass
weeds, including little seed canary grass (Phalaris minor), wild oat (Avena fatua), mouse
barley (Hordeum murinum), and cheatgrass (Bromus tectorum), was enumerated by
species, and their dry weight was assessed following a 48 h exposure in an oven at 75°C.
The density of live grass weeds was measured. The efficacy of weed management was
determined by assessing the reduction in density and dry weight of each treatment
relative to its respective control. The statistical analysis of the data was conducted using
SAS 9.4 software. The FLSD test was utilized to compare means at a significance level
of 5%.

Results and Discussion: The analysis of variance results demonstrated the significant
effect of the concentration of the herbicide haloxyfop R-methyl and adjuvant on the
percentage reduction in the density of grass weeds in the saffron field, including mouse
barley, wild oats, cheatgrass, little seed canary grass, and their total grass weed. The
interaction effect between the herbicide concentration and the adjuvant was not
significant only for wild oats; however, this interaction significantly influenced wild oats
and cheatgrass at a 1% probability level, as well as the density of little seed canary grass
and the overall count of grass weeds at a 5% probability level. An analysis of the
treatment combinations, comparing complete weeding to no weeding, reveals an
important difference in the percentage reduction of weed density. The application of
citogate oil resulted in a 60.6% reduction in ryegrass density, 64.4% in wild oats, 60.4%
in cheatgrass, and 76.5% in little seed canary grass, compared to the treatment without
the adjuvant. The analysis of variance revealed that the basic impacts of herbicide
concentration and adjuvant significantly influenced the percentage of dry weight
decrease in all weeds. The interaction effect was significant only for ryegrass at p<0.01
and for little seed canary grass at p<0.05, but it had no significant impact on wild oats,
cheatgrass, or the total dry weight of grass weeds. A significant difference was observed
when examining the effects of treatment combinations with total weed control compared
to no weeding on the percentage reduction of all weeds. In summary, the use of corn oil
resulted in a reduction of the dry weight of mouse barley, wild oats, cheatgrass, little seed
canary grass, and all grass weeds by 46.2%, 38.7%, 44.3%, 31.4%, and 23.7%,
respectively, while citogate oil reduced the dry weight by 58.4%, 1.61%, 5.62%, 0.55%,
and 7.47%, respectively.

Conclusion: The findings of this study indicate that the application of the herbicide
haloxyfop R-methyl in conjunction with the adjuvant citogate enhances the efficacy of
grass weed control.

Conflict of Interest: The authors declare no potential conflict of interest related to the
work.
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)S_S ‘“',' A s ey By Sely Gl Hlagis® Sl e sladle 5
e D.JF Mouse barley  Wild oat  Cheatgrass  Little seed canary grass Total grass weeds
S ols
o 2 2576 " 103.3 ns 195.8 us 399.7* 2833 "
Block
T i 3 3491 ™ 2323 6113 3849 ** 3594
Herbicide concentration
3> 858 oole
"’h’,"’ ? 2 2850 ** 6298 ** 4202 " 6814 ** 3593 *
Adjuvant
ol ealex S ale ol N
255.0 T 3173+ 5993 " 4
HCAA 6 55.9 100.7 17.3 99.3 177.4
Las-
22 57.23 132.7 83.04 103.7 67.3
Error
[ N [ -
() Seash vy 21.69 23.13 21.70 27.79 2220

Cc.V

= % ns

el s K gz Jlemal mha 55 (g5l came 5 5l e pie S Sa T T

m * and *": non-significant and significant at 5% and 1% probability levels, respectively.
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Table 3. Simple effects of herbicide concentration and adjuvant on percent decrease of weed density

oasale clale )
Effect of herbicide concentration
e Yy St e Sl TSk e glaile 5
Mouse barley ~ Wild cat  Cheatgrass  Little seed canary grass  Total grass weeds
wScale 5 )l aie
“55 RS E 11744 26.68 ¢ 11.98¢4 14.524 13.80¢
Without herbicide
Addasgl HlAie Lo B 3 y,lS
phednoy ) e 27.02¢ 48.42° 29.25¢ 24.99 < 28.86 ¢
Use 50% recommended dose
Aol HlAEe Lo > YO 5 0,18
phidnoy ) e 43770 59.53 = 57.90t 46.95° 4521
Use 75% recommended dose
g JJAie dusyd Vo v 38
Sty S e 1T R 56.95 = 63.53+ 68.85+ 60.13 = 59.94 =
Use 100% recommended dose
gl aale
Effect of adjuvant
stses> ey By Se e Alagier Spiole glails IS
Mouse barley Wild oat Cheatgrass _ Little seed canary grass Total grass weeds
53938 oale ygda
2957 83 O 20.00 ¢ 25.01 ¢ 24.40 ¢ 14.56 < 19.80 <
Without adjuvant
R ot 33.85¢ 54150 39.94 ¢ 3349t 36.67"
Corn oil
o 0% 50.77 2 70218 61.65¢ 61.90 54.40 2
sitogate

il o sime SR Bl fypel  an g L0 Jlazs) ahaw 5 (o)l e sl st w13 alie Bgys (shls bl
The means with the same letter in each column are not significantly different at the 0.05 level of probability according to the
LSD test.
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L g0 92 o515 ol ao,o e s OB 0l
Osd 9alE 4 Sl oS gn 5 D)3 (g, 0938
o, TV g/ iy 4 ao 0 YO maw jo Jog38l
do,s FYZ g VWYY iy @ sy Ve mhu 0
Voo g VO zobaw o 3 oS giew 0,05 (Lo j0 .04
DA (g (e i odslin o gae BN ws o
L ey pae gl )0 (Lhge 92 @515 GRelS o)
S99 » odle Spowe 5 sladle v Jo
e ol gl & S S SL 5 sladile
) 5550 slacale plo b glaisS 9,0 culd, tal38l
aiye g Senl 00,8 plyie; b i IS b9
dg5 dalld mhaw 4 G YLl ralS ws o

(F Jgaz) o)ls

S5l il wsilssls oSl Il
iy S S jshiear maenSslSiw 5 e
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(Rashed Mohassel et al., 2010) sl 258l
SSale Jisl s i a5 el sad bl
S ) Snnt Sl j3a> 50 JrglilS ol
5 s 2l Gl Bk LS s, 5 satedlal
09 9 0aipdlel (65 (85 (S e Slige b anlie
Dol s 4 25 Gile o s corge Lale alS
g Bl pld & cage JoST9S 10 feS (sage JoSTeS
aiyd ol JUESE 5 03,5 3985 ol S JSls 4 iy
S 5 laplse g8 pl e 2B coge
sSaale alwga (Setaria faberi) .5 abg)eo
cueal (Young & Hart, 1998) ai Jg5glslusy 3!
L oSS 355 (mldl o 1, S5 5 oS 0é)
5 bl 5 Cua b sSlgol, ConsadS 5l ool
Devendra et ) cool sopw, olil a1, o] isu il

.@l., 2004
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Table 4. Means comparison effect of treatments composition on percent decrease of weed density

Loy Las JEEts

Treatments Mouse barley

oy e Selyile Sl
Wild oat  Cheatgrass  Little seed canary prass

S Sl e sladids g5
Total grass weeds

ol oale gy - Sl 0 I8 g

Without herbicide + without adjuvant 00z
T .rSL“J‘ ols Qe 120 ¢
‘Without herbicide + corn oil
Sefyre — ke 0l g 108¢
Without herbicide + without sitogate
38l eala gy - A5 Gale adtamed ke duaya B 018 15.04%
50 % recommended dose + without adjuvant
Cd by - A ile saaayt e duapa Br 0l 1156
50 % recommended dose + corn oil
;JEL:;—u:fjhnLﬁdfa-}i'J'gL Sumys B0 w18 3447
50 % recommended dose + sitogate
L PR PR VE-U I EE R SR A LERUIEIY (L RCYUN LS 26.80 =
75 % recommended dose + without adjuvant
S0 bey - S ile adta et ke days Y8 o8 3576+
75 % recommended dose + corn oil
e — AT ile st gt ke s VA 515 €876+
75 % recommended dose + sitogate
ool gy — Al sdlidimgd Jlake duoys Voo wplS
e 33.10+
100 % recommended dose + without adjuvant
oy _‘,;»—L_.:.S._H.sa..\_ﬁa.i_.aﬁjlmdja);\--c)_‘u.,lf 50884
100 % recommended dose + corn oil
ey — S5l sa gt jlake duoys Ve o pl8 8181%b
100 % recommended dose + sitogate
i fuul‘ BEL N REE 100.00 =
Control (complete hand hoeing)
32 slaile g pae daln 21.47¢

Control (without control)

100.00 =

0.30f 1.14 ¢ 0307 030%™

1.71¢ 1.52 ¢ 1.75¢ 1.49%b

1.08f 1.80 2087 149k
22.01¢ 1538« 13.92 1542¢=
5648« 29.894 22.87 4 3091«
66.79 be 4246 3817« 4027 =
30.24 de 3425 17.43 ¢ 2538 #
67.63 b= 48.09 ¢ 3361 4041-
80.71 % 91.37= 89.82= 69.84 ¢

47.50 « 46.81¢ 26.58 cde 38.09 =
60.63 b= 66.05 b 60.94 % 56.424
82.46 3 93.70= 92862 8531%

100.00 = 100.00 = 100.00 =
-23.08¢ -1736¢ -1970¢ -18321%

cadlas ls pree Eolzs] [Blis QjAJ‘ wazai LD sl plas o (gyls tae Sl g 1oy alta B9y hils gla Sile

The means with the same letter in each column are not significantly different at the 0.05 level of probability according to the LSD test.
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Table 5. means comparison interaction effect of herbicide concentration in adjuvant on percent decrease of weed density

(LSe 2 a5 sole p,P) aFile cBlE Jnggdl sals ;223:: e e et dile ol st Sl 5ym slacile 5
arbicide concentration (g ai ha- juvan ild oat eatgrass ittle seed c 7 grass otal grass weeds
Herbicid tration (g aihal) Adj t barley Wild Cheatgr Littl d canary g Total g d:
H 4 m!La -
0 o3 oole gty 0.027¢ 030¢ 1.14¢ 030¢ 030z
‘Without adjuvant
L <4 L'L»o "
54 et et e 1504 2201¢ 15.38 ¢ 13.92 df 1542°¢
‘Without adjuvant
H 4 m!La -
81 o3 oole gty 26804 30244 3425« 17.43 é 2538
Without adjuvant
L 24 QLo "
108 e ote 33104 4750  46.81¢ 26.58 =4 38.00 ¢
Without adjuvant
0 S e 1207 171¢ 152¢ 175 149«
Corn oil
54 = O 31564  5648%  29.§9de 22.87 30.91 @
Corn oil
81 S o 35764  67.63% 458.09¢ 3361+ 40414
Corn o1l
108 ;’” "'"_‘i 50.88¢  60.63% 66.05 b 60.94 b 5642°¢
orn o1
0 N 1.08¢ 1.12¢ 1.80¢ 2.08 149
Sitogate
54 o 34474 66.79 == 42 46 d 38.17¢ 40274
Sitogate
81 o 68.76 80.71= 91.37= §9.82= 69.84 ¢
Sitogate
108 T 81.81% 32462 93.70 2 92862 8531¢%
Sitogate

LAl e VR Bl ] 4 4zt LD Jlazed gl a6l gre Siglis i s jn e Ba e el ela Rl
The means with the same letter in each column are not significantly different at the 0.05 level of probability according to the LSD test.
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Table 6. Analysis of variance results effect freatment components on percent decrease of weed dry weight
Means of Square (MS)

Slhesi glis sl azye . ) - .
SOV DF e 8T ey By Sely ile S FSal e elaile |5
o ) Mouse barley  Wild oat  Cheatgrass  Little seed canary grass Total grass weeds
sl
2 825 ms 3103 == 106.8 == 5928 823 m
Block
At . . . - -
13 2677 3955 3536 4067 3847
Treatment
Lo
26 673 145.0 1156 1093 156.6
Error
1) Syt gy
) St e 17.92 26.17 2435 27.37 28.66

Cv

5

el s S g s Jlatsl mha o gyl tea g gyly gtes pie cuT 0y T A
2= * and **: non-significant and significant at 5% and 1% probability levels, respectively.
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Table 7. Analysis of variance results effect of herbicidal treatments on percent decrease of weed dry weight

FES Means of Square (MS)
SOV eS| e Yy et il Al Sl e glaile J5
o D.F Mousebarley Wildoat Cheatgrass Little seed canary grass Total grass weeds
Sab
o 2 9.17 8 139.9 =s 139.9 = 36,08 61.8 1
Block
G e 2 lile £005 ** - Kpn - -
. X 3 5995 5672 5672 6953 7489
Herbicide concentration
inasl ools
e 2 41827 5560 5560 2798 2557
Adjuvant
gyt eslex pSale mlale o us s N s
HCA 6 3152 88.3 88.3 307.3 96.2
U
22 773 112.7 112.7 115.7 182.6
Error
1Y il
() St 19.02 22.49 22.49 27.90 30.49

cv

* ns

el s n S g Jlomal pla 3 gl e 5 6o e e i T 5T
a3 * and **: non-significant and significant at 5% and 1% probability levels, respectively.
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Table 8. Main effects of herbicide concentration and adjuvant on percent decrease of weed dry weight

oSale clale gl
Effect of herbicide concentration

e s =y Yy ety il Hlagis> S Sl pa plale J5
Mouse barley ‘Wild oat Cheatgrass Little seed canary grass Total grass weeds
Without herbicide 25ale 3,5 pac c c e e c
15.05 14.55 18.98 7.78 9.27
Use 50% recommended dose siddmsgi jlais amp 0 515 35.52b 41230 3273 b 2277 32545
Use 75% recommended dose  sidduegs e doyd VO 3 )8 63132 61838 50478 57574 63.61 2
Use 100% recommended dose  odubdpmogi jliie doyd Yo v 315
71.247 71.18%2 68.05 2 66.16*° 71.83%
sl a3le il
Effect of adjuvant
e ey SV ey e Ao Sl e sladile 5
Mouse barley Wild oat Cheatgrass Little seed canary grass Total grass weeds
Without adjuvant g8 eale 550
! e or 26.35° 27.22°¢ 24.60° 24.72¢ 31.48°
Cornoil <p ¢
» 48.98° 44.38° 36.02° 36.02° 41.25°
Sitogate cofsmw oés
’ 63.38 % 69.99 2 5493% 54932 60.20 *

L2l e M Bl gafl dn e LT 0 Jleasl a5 g0 ane gl s i 50 alie g i elnSile
The means with the same letter in each column are not significantly different at the 0.05 level of probability according to the LSD test.
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Table 9. Means comparison effect of treatments composition on percent decrease of weed dry weight

fgeyr Vs Sl "z?;';” el Js
byley @ g - . e o o

Treatments Mouse - ey seed AR

barley  wildoat CPCMEMA  camary  Total grass
Ss grass weeds
Without herbicide + without adjuvant el enls Gan T iSiale 5 IS e 0.91f 0.51¢ 037¢ _0.51¢ 0521
Without herbicide + corn oil D53 sy T ESale s 1S g 1.92 1.20¢ 120f 261 & 2.04h
Without herbicide + without sitogate oS g T S ale 5 1S g 226¢ 1.42¢ 112 f 279 f 227h

50 % recommended dose + without adjuvant _issilesle sat iSiale satiaog luieas s B 3u)lS  27.49¢ 22.10¢ 14.73 16.68 ef 22.23¢
50 % recommended dose + corn oil Dy gy T aSiale endaress jlde oy 80 0l 38,644 37.11 32.94¢ 23.62 de 35.047
50 % recommended dose + sitogate o g T S ale sddnog ode sye 00 0p)lS 40.44 ¢ 64.48°  50.52bd 2802 de 40.35 =

75 % recommended dose + without adjuvant _ss 58l eole fyget (iSiale sodtogi Jade o e VO 0 ,)lS 33,604 3677 36.01¢d 3727 47.59 de

75 % recommended dose + corn oil 2,8 ks, T ASle sata oy e an,a VO oS 6751 ¢ 58.02b  56.35bc  50.07tc 59.34 od
75 % recommended dose + sitogate Cef e T S ale caddnog JaBe oys YO 0)l5 BR2TE 89.812 86.04 2 85.24 2 83.88 ¢
100 % recommended dose + without adjuvant ioaploske e T AT hle suddogr lakedeyo Vom0 5 43409 49.49bc 4802cde 4507 ¢ 55.594d
100 % recommended dose + corn oil Db Eg, T Sl sala sy e ss,s Ver 3l 7384 ¢ 67.38 b 66.42 b 62.850b 68.82¢
100 % recommended dose + sitogate o i+ Sl soddnag Jade sy Vot S 96.49 3 06.65 2 80.7] 2 00.56 2 91.09 @
Control (complete Hand hoeing) i cledle JalS g aals 100002 100.002  100.002 100.002  100.002
Control (Without hand hoeing) b sladile Gamgpassals 114052 2221f 1935z 27.92h 2043t

wdylad )l e Bl fBlas gai] ay ammgd LU0 Jleial a5 (ol e gl gt o 0 i By o sl Sila
The means with the same letter in each column are not significantly different at the 0.05 level of probability according to the LSD test.
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Table 10. Means comparison effect of herbicide concentration in adjuvant on percent decrease of weed dry weight

- . P . LQ&A.LC
(LS 45 0,350 oole p ) iSale clile o9l osle ‘;‘A“""’? g $Y g Sy cile L&""I"é‘”d ”t‘: . uJS
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The means with the same letter in each column are not significantly different at the 0.05 level of probability according to the LSD test.
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