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Table 1. Analysis,of variance results effect treatment components on percent decrease of weed density

: Means of Square (MS)
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e N Mouse barley ~ Wildoat  Cheatgrass Little seed canary grass Total grass weeds
S
” 2 145.4 64.1 " 188.5 " 457.1" 268.6 "
Block
)L""‘-’ Kk Kk Kk *K *k
13 3072 3351 3793 3871 3085
Treatment
o
26 66.6 200.3 74.6 93.2 58.8
Error
® S 22.99 29.38 20.62 25.98 20.44
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s *and ™: non-significant and significant at 5% and 1% probability levels, respectively.
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Table 2. Analysis of variance results effect of herbicidal treatments on percent decrease of weed density

a0 Means of Square (MS)
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HCxA
s N
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Error
(1) S oS g 5 v
' g*\"/ e 21.69 23.13 21.70 2779 22.20
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Table 3. Simple effects of herbicide concentration and adjuvant.on p?rcent decrease of weed density

Effect of herbicide coneentration

hoes> iy SV N\ Sy ile Alasiy> SpSok s slale J5
Mouse barley ~ Wild oat " Gheatgrass Little seed canary grass  Total grass weeds
oS ile 3) pas 11.74¢ 26.68° 4 11.98°¢ 1452 ¢ 13.80 ¢
Without herbicide
& . ] - A. l{
phadeop JMe 123 BT 3 27.02°¢ 48.42% 29.25°¢ 24.99°¢ 28.86 ¢
Use 50% recommended dose
ddog e 20,3 V0 38 43.77% 5953®  57.90° 46.95" 45.21"
Use 75% recommended dose \
oddeog e 20)3 Ve ) 56.95 @ 63.53¢ 68.85 ¢ 60.132 59.94 @
Use 100% recommended dose
599581 o3l 3!
Effect of adjuvant
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Mouse barley ~ Wild oat  Cheatgrass

Little seed canary grass

Total grass weeds

29531 o3l S5

¢ _ 20.00 ¢ 25.01°¢ 24.40 ¢ 14.56 ¢ 19.80 ¢
Without adjuvant
Cayd e
oW 33.850 54,150 39.94° 33.49° 36.67°
Corn oil
w5 059 50.77 2 70.21° 61.65 2 61.90 54.40 @
sitogate
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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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Table 4. Means comparison effect of treatments composition on percent decrease of weed density

Lo P90 5 Yy | (Seagaile SHlase> S Sl 0 sledle 5
Treatments Mouse barley ~ Wild oat  Cheatgrass  Little seed canary grass Total grass weeds
993 oole (g = (aSale 3 )5 (9 0.029 f f f h
Without herbicide + without adjuvant 0.02 XN 0.30 0.30
Sy sy T GBS ile 3 )8 (e g o ef f h
Without herbicide + corn oil 1.20 $- ™ 152 175 149
S g — S le 0 )5 g0 g 7 ogt of f h
Without herbicide + without sitogate 1.08 2N 1.80 2.08 149
0958l osle (g — (iSile calaogs ladie wo s B0 S pls f ef e ef 9
50 % recommended dose + without adjuvant 1 & 15.38 13.92 15.42
2% Gy - S uAle eadenogt Jade o000 008 R g gg e 56.48°  29.89¢ 22.87 % 30.91 ¢
50 % recommended dose + corn oil ' ' ' ' '
ol g~ S e onbanog Jadeaoys be SRS gy 476 66.79%  42.46 38.17°¢ 40.27 ¢
50 % recommended dose + sitogate ' ' ' ' '
0958l eole g0y - LS ile sndarogi laietuo ) YO 0,18 of de od e fg
75 % recommended dose + without adjuvant 26.80 3024 34.25 17.43 25.38
D52 Gy~ e iyl e aape W0 2 BT a5 750 67.63%  48.09° 33.61 40.41°
75 % recommended dose + corn oil ' ' ' ' '
SoSsen S ekiaggihie wop V028 6g 760 80.71% 9137 89.82° 69.84°
75 % recommended dose,+ sitogate ' ' ' ' '
oole oy - (iScile caldmegiiyldie wmys Voo op)lS
95! 33.10°¢ 4750« 46.81 ¢ 26.58 cde 38.09 ¢
100 % recommended dose + without adjuvant
00 Ob) - S siokagy ke wop2 1t 0 g0 gg e 60.63%  66.05° 60.94 0 56.42 ¢
100 % recommended dose + corn oil ' ' ' ' '
S i — S cale oadasog lade ao o Ve e o p)lS b ab a a b
100 % recommended dose + sitogate 8181 82.46 93.70 92.86 8531
30 St JE Gemg 2l 0002 100002 100,00 100.00 ¢ 100.00 ¢
Control (complete hand hoeing)
i sl pers pacaslh g gg 23089  -17.369 -19.70 9 11832

Control (without control)

L5 Iy e B! JBlas g0l ang L 7L 0 Jleas] prdaw 1 (6l gxe glds gim ya p3 ailie Bgys gyl (sla ke
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

e 9
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Herbicide concentration (g ai.ha) Adjuvant b;rlljss Wild oat  Cheatgrass  Little seed canary grass Total grass weeds
JEATSUIEN PRPRY ) f f f f g
0 Without adavant 0.02 0.30 1.14 0.30 0.30
54 Wjiﬁéui:am ot 1504 22.01°¢ 15:88 ¢ 13.92 def 15.42f
81 ﬁiﬁ(‘)&é&ﬁ/ o 2680%  3024% |\ 3425 17.43 de 25.38 ¢f
108 fvjiﬁéuiéaﬁ/ 55100\ 47600 ) 46.81¢ 26.58 38.09¢
0 E’ai ;zﬁl)l 120 Tt 1521 1.75 ¢ 1.499
54 E’();r nuzﬁl)l 3156¢ (5648  29.89¢% 22.87 @ 30.91 %
81 E’z:r rﬁ;ﬁ 3576¢ \ 67463  48.09° 33.61° 40.41 ¢
108 a); rﬁ?ﬁ 50.88°  60.63 ¢ 66.05 P 60.94 P 56.42
0 ;I‘t';ga‘;e & 1.08f 112° 1.80 2.08 ¢f 1.499
N\
54 ;l*; gg{e 34.47 ¢ 66.79 @ 42.46 ° 38.17°¢ 40.27 ¢
81 ;I*t; 9(;;6 68.76 80.71° 91.37°2 89.82 2 69.84°
108 ‘S‘I“t; E;Ee 81.81° 82.46 2 93.70° 92.862 85.31°
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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.

Seid (jg pil oy

059 Uil Loy 1 P14V (o) sime p3b 53938l oole g yiSCile cdale odlw @l Lialol (claosdls wibly 4556 gls Lulsl 5

Alanlsog Bgae (P<:1:0) Sl iss 9 (P<+/4)) (hse 9 Spacile p bs Blie J1.(F Joan) wils 50 lacile olos Sis

LS 5 b 3 (Y Jgio) sl (goginn b Sy b jpa slacile Std g pgeme g (Santy dile (g BV



Joi2) 28 eanlie ()l dme S 13 jya slacile (aled (il Aoy 1 50 laddle (g pas g Jol5 (g L ol o 4 (6 los

(A

o sladile Sis 459 alS we s p 5iles SLS 5 ST (b )ly 48 @l £ Jgu

Table 6. Analysis of variance results effect treatment components on percent decrease of weed dry weight
) : Means of Square (MS)
Ol yass e woljlaz o - - . . — -
SOV D.F hye 9> iy Ve (Seiy dale Hyss> SpSb e slale 5
T ' Mouse barley ~ Wild oat  Cheatgrass Little seed canary grass Total grass weeds
S
<
* 2 8.25 M 310.3 ™ 106.8 ™ 592 " 82.3 "™
Block
e - - - n ¢ -
13 2677 3955 3536 4067 3847
Treatment
s N
26 67.3 145.0 115.6 10934 156.6
Error
(1) Ol s o po

17.92 26.17 24.35 27.37 28.66
CV

il 22> o g gy oo g )3 (50t 5 (S e AL
ms, " and **: non-significant and significant at 5% and"1%"probability levels, respectively.
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Table 7. Analysis of variance results effect of herbicidaldreatments on percent decrease of weed dry weight
a0 Means of Square (MS)
SOV &3l e 97 g Wy WiSety il Sy s> S Sl 50 slacale S
o D.E  Mousebarley ~ Wild oat /\Cheatgrass Little seed canary grass Total grass weeds
s
2 9ia7 s 139.9 ™ 139.9 36.0™ 618"
Block
sSale clale y e e o o
.S . 3
Herbicide concentration 5995\ 5672 5672 6953 7489
‘5305}.“ ools S A *k *k Hk ok
’ 2 4182 5560 5560 2798 2557
Adjuvant
30938 sole X S ale clale -
P93 oo X 25 6 3152 88.3 ™ 88.3 " 307.3 96.2 ™
HC-A
> 22 77.3 112.7 112.7 115.7 182.6
Error
@ ") e 19.02 22.49 22.49 27.90 30.49
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nsa*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

OIS Gile clalé i

N\

Effect of herbicide concentration

VSl e sledile JS

g0 5> sy Yy Sedy cale Al s8>
Mouse barley ~ Wild oat  Cheatgrass Little seed canarygrass |\ Total grass weeds
LIS Gle 3,18 pac v
_ 2> £ 15.05 ¢ 14.55¢ 18.98°¢ 7.788 9.27¢
Without herbicide
ehddpog ke 203 ¢ 38 35520 41.23° 32.73" 22.77° 32.54°"
Use 50% recommended dose
eddpog ke 20)3 VD 38 63.13 2 61.83 2 59,475 57,523 63.61 2
Use 75% recommended dose
oddeogi Jads o3 Ve e )l 71.242 71.182 68,05 2 66.16 2 71.832
Use 100% recommended dose N
59959100l 43!
Effect Qj adjuvant
D9 9> iy Sy WSty e Alasiy> SpSok s slale J5
Mouse barley . Wild'oat /Cheatgrass Little seed canary grass  Total grass weeds
295 0% 09 26.35¢ 27.22°¢ 24.60 ¢ 2472 °¢ 31.48"
Without adjuvant
= 079 48.988" 44,38 36.02° 36.02° 41.250
Corn oil »
P g 059 63.382 69.99 54.93 2 54.93 2 60.20 2
Sitogate
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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

N\

LSD test.
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Table 9. Means comparison effect of treatments composition on percent decrease of weed dry weight

Lo mﬁ;j iy Ve Sy dile Hlasis> S S,k 50 slacale S
Treatments Wild oat  Cheatgrass Little seed canary grass Total grass weeds
barley \
98l oole e F S ale 5 )15 a0 f e ) f ) g h
Without herbicide + without adjuvant 0.91 051 0.37 0.51 4 0.52
Gyd Heg, H aSale 5,5 g f e f fg h
Without herbicide + corn oil 1.92 1.20 1.29 2'61\ 2.04
CaS g F iS e 0 )15 g0 f e f fg h
Without herbicide + without sitogate 2.26 142 112 a79 2.21
oole oy T iSiale cadaios Jlake woys B0 0,
S9! 27.49¢ 22.10¢ 14,73 16.68 ¢f 22.239
50 % recommended dose + without adjuvant
b oy ¥ STl aataog ke nopp b0 g pid 797 gposel 23.62 o 35.04 f
50 % recommended dose + corn oil
oS o RS ile onbenogi ke 203 B 08y ppa | gaagb N 5052 bed 28.02 ¢ 40.35 ¢f
50 % recommended dose + sitogate
oole ey T iSale onliding ke oy YO o p)l8 N
Sogdl  33.60 % 36,7794 \36.01 % 37.27 ¢ 47.59 de
75 % recommended dose + without adjuvant
D8 by * S e sadinogi Jake a0 V0925 o cic gafgrbn 5635 be 50.07 b¢ 59.34
75 % recommended dose + corn oil
oS g T e oadenogi ke 003 VO 2p) 8 g ogh Bggid g 04s 85.24 2 83.88 1
75 % recommended dose + sitogate
oole e T iSiale cadaog e woo ) 0yl
958! 43.40 9 49.49 be 48.02 cde 4507 ¢ 55.59 d
100 % recommended dose + without adjuvant ™
258 by F AR asbaog Mo w00V 0 g e G73gb  geazb 62.85" 68.82 ¢
100 % recommended dose + cornail
S g T S cale odbiaogi ladsao Ve sy l8 ab a a a ab
100 % recommended dose + sitogate 96.49 96.65 89.71 90.56 91.09
52 sladle Jo5 azs el 00000 100008 100.00 100.00 ® 100.00 2
Control (complete Handoeing)
5o gledle pemspie als 14050 oot 19350 27.92" 2043

Control (Without hand.hoeeing)
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The means withithe 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 herbicide concentration in adjuvant on percent decrease of weed dry weight
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Herbicide concentration (g Adjuvant '\SOLIJse Wild at. \Cheatgrass _'lle see 2k
ai.ha™) arley Canary grass  Total grass weeds
° \fv?iﬁéﬁiifff&am 0.9° 0521 -0.37f -0.159 0.52f
s : N
54 \‘;‘Vﬁﬁéaiégﬁmam 27.499°\_32210° 14.73° 16.68 1 22.23°
81 fvjiﬁc')uiz;m o 336088 3677% 3601 37.27 e 4759 «
108 fviiﬁéut;m ant 4340° /1 49.49% 48,02 45,07 < 55.59 ¢
° anrr;)zsl)l 192¢ 1.20° 1.29f 26119 204fF
> Eé?ﬁﬁii < 38.64° 3711 32.94¢ 23.62°f 35.04
. \

o Eé?ﬁ’?.i 67.51°  58.92" 56.35 50.07 ™ 59.34 be
108 Eg’rrﬁ)l 73.84°  67.38" 66.42° 62.85" 68.82 b
0 g‘l‘tf);g;e 2.26° 1421 112 2799 907t
> » éﬁﬁe 40.44 ¢ 64.48 b 50.52 bed 28.02 df 40.35 ¢
o ;t_;}é;e 88.27° 89.81° 86.04 2 85.24 2 83.882
108 ;lti)z;;e 96.49%  96.65° 89.71° 90.56 @ 91.09 2
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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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Introduction: Saffron (Crocus sativus L.) is recognized as an important medicinal and commercial
plantin Iran, particularly in arid and semi-arid areas. Weeds.are recognized as a significant limiting
factor in saffron production. Saffron suffers to compete with weeds for light, water, and nutrients
because 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, Herdeum 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, because to its labor intensity,
expense, and time requirements. Herbicide efficacy.can be improved economically and effectively
with adjuvants. Consequently, the application of adjuvants suggested for improving performance
of grassicides that block acetyl-CoA carboxylase. A few research studies have examined the
efficacy of herbicides with additives in saffron cultivation, so this study examined 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 experiment was performed on a four-year-old Sarayan 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 ha*), 75% (0.75 L or
81 g ai hal), 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). Cold-pressing extracted
corn oil, whereas Zarangaran Pars Company supplied citogate oil (alkyl aryl polyglycol ether).
Application was conducted with a rechargeable sprayer calibrated with a uniform air nozzle 8002
at 2 bars pressure during the 4-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.Jevelyas 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 wildyoats, 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, decreasewin all weeds. The interaction effect was
significant only for ryegrass at p<0.01 and fer little seed canary grass at p<0.05, but it had no
significant impact on wild oats, cheatgrass, ot 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
utilization of corn oil resulted in areduction of the dry weight of mouse barley, wild oats,
cheatgrass, little seed canaryggrass, and all grass weeds by 46.2%, 38.7%, 44.3%, 31.4%, and
23.7%, respectively, whereas citogate decreased the dry weight by 58.4%, 1.61%, 5.62%, 0.55%,

and 7.47%, respectively. S
N\

Conclusion: The findings of this,study indicated that the application of the herbicide haloxyfop R-
methyl in conjunction.with\the adjuvant citogate can enhance the efficacy of controlling grass
weeds.

Conflict of Interest: The authors declare no potential conflict of interest related to the work.
Keywords: Adjuvant, Grass, Citogate, Corn oil, Supergallant



