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Extended Abstract

Introduction: Saffron (Crocus sativus L.) is one of the important medicinal plants in the arid
and semi-arid regions of Iran. This plant has high economic value due to its pleasant taste and
aroma as well as numerous medicinal properties. Therefore, the cultivation and production of
this plant in areas with suitable climatic conditions has become one of the most important
economic activities. Although Iran accounts for about 90% of the global production of saffron,
the yield gap of this plant in the country's fields is very high. One of the important factors in
increasing the yield gap in saffron are weeds. Given the limited competitive capacity of saffron,
weeds can reduce crop growth and yield if not managed well. For this reason, farmers use various
methods to control weeds, including the use of herbicides. Haloxyfop R-methyl ester (super
gallant) is used as a common herbicide in saffron fields to control narrow leaf weeds. However,
the potential damage of this herbicide to saffron plants has not been well studied, so far. In
addition, implementing strategies to increase efficiency and use lower amounts of herbicide is
important for sustainable saffron production.

Materials and Methods: In this study, the effect of reduced levels of super gallant herbicide (0,
20, 40, 60, 80 and 100% of the recommended dose) and the application of adjuvants (arugula oil,
Citogate mineral oil and no oil application) were investigated on saffron growth and flowering
in a factorial experiment based on a randomized complete block design with six replications. The
experiment was conducted in pots, from the beginning of autumn 2023 to the end of autumn
2024, in the open environment of the Faculty of Agriculture, University of Birjand, Iran.

Results and Discussion: The effect of experimental factors was not significant on the quantum

efficiency of photosystem Il (Fv/Fm). The experimental factors had no significant effect on the
length and the number of leaves, but their interaction effect on leaf dry weight was significant.
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The application of herbicide and adjuvants reduced leaf dry weight, and the highest value of this
index (66.6 g m?) was obtained in the control treatment. The interaction effect of experimental
factors was significant on the number of small (<3 g) and large (6-9 g) replacement corms and
on the total number of replacement corms. The highest number of small corms and total number
of corms were obtained in the control treatment (837 and 962 No. m, respectively), while the
lowest number was obtained by application of arugula oil x no- herbicide (375 and 465 No. m™?,
respectively) and also by the application of Citogate at a concentration of 20% herbicide (358
and 466 No. m, respectively). The highest number of large replacement corms (6-9 g) with
flowering potential, were obtained by application of Citogate at a concentration of 20 and 40%
herbicide (25 No. m), application of arugula oil at a concentration of 40% herbicide (16.6 No.
m-2), and then by no adjuvant at a concentration of 40% herbicide (3.8 No. m), while there were
no large corms in the other combined treatments. Similar results were observed for the yield of
large corms and thereby flowering was recorded only in the mentioned treatments. The
application of herbicides and adjuvants improved the mean weight of replacement corms and the
weight ratio of corms to leaves.

Conclusion: Overall, the results of this preliminary research showed that the application of
herbicide and adjuvants reduced the number of small replacement corms and increased the
allocation of photoassimilates towards replacement corms and had no inhibitory effect on the
photosynthetic efficiency of the plant. This potted research showed that the use of Supergallant
herbicide did not have a negative effect on saffron, but conducting field experiments in the natural
environment is necessary to fully understand the response of saffron to the experimental factors
in order to provide applied recommendations.
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Table 1. Analysis of variance (Mean of square) of the effect of reduced levels of super gallant herbicide in combination with
vegetable and mineral oils on chlorophyll fluorescence and aerial part growth of saffron

Sl el gola @olil axye by gl S ol Spdsk SR SS e
5.0V D.F Al &y e Leaf number Leaf length Leaf dry weight
Fv/Fm

e

. 2 0.0000102 1.17= 4.8402 218.86™
Replication
A) g, s
( ‘) o ‘.J' . 2 0.00004 1= 4.920 0.51m 302.89
Oil application
(B) a5idle oo

.. 5 0.000070= 4.63m 1.18= 215.39=
Herbicide levels
Sz il . . . -

10 0.000060% 2.40% .46 511.36
AxB
Uas
34 0.000042 2.05 2.14 139.45

Error
) )y o oo
() =l e 0.89 30.660 12.27 29.76

CV.
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** and ns are significant at the 1% probability levels and not significant, respectively.
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Table 2. mean comparison of the simple effect of oil application on chlorophyll fluorescence and
aerial part growth of saffron
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Treatment JORPS Leaf number Leaf length (cm)  Leaf dry weight
Fv/fm (No. per plant) (g m?)

S 0.726° 5.28° 12.06° 39.44%
Sitogate
i o 0.729° 4,378 12.00° 35.69
Arugula oil

do ) aalis
L 0.7292 4.36° 11.742 43.882

Control (Distilled water)
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In each column, the means with at least one common letter are not significantly different at the 5% probability level using LSD test.
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Table 3. mean comparison of the simple effect of different levels of super gallant herbicide
application on chlorophyll fluorescence and aerial part growth of saffron
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Treatment (Percentage of Jriges Leaf number Leaf length Leaf dry
recommended dose) Fv/fm (No. per plant) (cm) weight (g m?)
0 0.728% 4,200 11712 46.66°

20 0.727° 4.20¢ 11572 32,770

40 0.727% 4.04¢ 11782 40.00%

60 0.734% 5.60° 12532 40.27%

80 0.726" 4.40%¢ 11.80° 35.83%
100 0.726° 5.57% 12.20° 42.50%
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In each column, the means with at least one common letter are not significantly different at the 5% probability level using LSD test.
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Fig 1. Interaction effect of Supergallant herbicide levels and natural and mineral oils on saffron leaf dry
weight
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Means with at least one common letter are not significantly different at the 5% probability level using LSD test.
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Table 4. Analysis of variance (Mean of square) of the effect of reduced levels of super gallant herbicide in combination
with natural and mineral oils on the number of replacement corms of saffron in different weight groups

Ol s’ 2sbin sol3l as 0 ilize 39 ey ,S )0 (5550 gl ad Slusi S50 sleay 5 olas
S.0.V Df Number of replacement corms in different Total number of
weight groups replacement corms
<3g 36¢g 6-9¢g

|55
I L 2 2369.79% 2638.88™ 4.16™ 11050.34¢¢
Replication
A) hég) pne
() ot 3y 2 47421.87% 555.55% 243.05™ 51588.54
Oil application
B) Jisike ~
) . el 5 5845.48 2361.11= 437.50™ 6637.15™
Herbicide levels
Haze i - - “

10 66657.98 1166.66" 118.05 68803.81
AxB
Uas

34 18754.59 1168.30 3.79 18525.83
Error
Sl 2

- 22.74 33.25 46.74 19.19
C.V. (%)

Bre pas g oy N Jlan! w3 ) xe ol 54 NS g s
** and ns are significant at the 1% probability levels and not significant, respectively.
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Table 5. Mean comparison of the simple effect of oil application on the number of saffron replacement corms

in different weight groups

sles alises i slrog T 10 (550 slaasy dlaas slaa J5 slosy
Treatment Number of replacement corms in different Py
weight groups (No. m?) Total number of
replacement
<3g 3-6¢ 69¢g corms (No. m?)
o 595.83% 97.22° 8.332 701.39%
Sitogate
e 48
ot 554.17° 102.78= 2.77° 659.72°
Arugula oil
ie ) sals
(e ) o 656.25° 108.332 1.38¢ 765.97°

Control (Distilled water)
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In each column, the means with at least one common letter are not significantly different at the 5% probability level using LSD test.
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Table 6- Mean comparison of the simple effect of different levels of super gallant herbicide application on the
number of saffron replacement corms in different weight groups

(0w a9 e 51 22 33) lons it 59 5Wog )5 33 (5555 Sl Slams P Gladsy JS slaxs

Treatment (Percentage of Number of replacement corms in different weight Total number of

recommended dose) groups (No. m?) replacement corms
(No. m?)

<3g 36g 69g

0 579.172 94,442 0.00¢ 673.61*

20 602.782 86.11° 8.33» 697.222

40 619.442 86.11° 16.65% 722.222

60 638.892 108,332 0.00¢ 747.222

80 569.442 119.442 0.00° 688.892

100 602.782 122.222 0.00° 725.00*
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In each column, the means with at least one common letter are not significantly different at the 5% probability level using LSD test.
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Fig 2. Interaction effect of Supergallant herbicide levels, and natural and mineral oils on the

number of replacement corms of saffron in the weight group of lower than 3 g.
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Means with at least one common letter are not significantly different at the 5% probability level using LSD test.
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Fig 3. Interaction effect of Supergallant herbicide levels and natural and mineral oils on the
number of replacement corms of saffron in the weight group of 3-6 g
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Means with at least one common letter are not significantly different at the 5% probability level using LSD test.
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Fig 4. Interaction effect of Supergallant herbicide levels and natural and mineral oils on the total

number of replacement corms of saffron
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Means with at least one common letter are not significantly different at the 5% probability level using LSD test
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Table 7. Analysis of variance (Mean of square) of the effect of reduced levels of super gallant
herbicide in combination with natural and mineral oils on the yield of replacement corms of

saffron in different weight groups

Ol gt 2abo a0 Ao ()9 oy, 5 10 (g 50 sy o ,Shos ey J5 o Slos
S.0.v &7 Yield of replacement corms in different weight groups PICEN

d.f Total yield of

<3¢ 3-69 6-9¢9 replacement corms

‘ .
I L 2 8727.57m 18089.32" 3.58™ 71604.94"
Replication
( .) 079 Sre 2 36920.42" 1932.03™ 13032.06™ 40290.71"
Oil application
B) Sl
( )"".5. el 33777.89" 54715.48™ 23624.00™ 45450.26™
Herbicide levels
Jelize I - wox
AxB 10 36301.47 144400.17™ 6471.78 43415.71™
s

34 12132.67 16226.67 25.76 43133.86
Error
Oy o pud

- 29.43 31.65 16.48 25.72
C.V. (%)

Mogxe pae g doyd Y 9O Jlosin! pdass )0 )y xe a5ty NS g s i

* **and ns are significant at the 5 and 1% probability levels and not significant, respectively.



VWO B3l (F 2 bS5 s il e )T B oS s S ke wdl el s 101Ses 53 des

2 olrie) 6580 glaay o, Sles p (89, U pas oolu il 4 bagpe (Silie dwnlile gl A Jga
cilia jg glaes,s

Table 8. Mean comparison of the simple effect of oil application on the yield of saffron replacement corms in

different weight groups

e e g gleg S 59 55 glaady 9 Slos slaas J5 o Slas
Treatment Yield of replacement corms in different weight groups (g m?) Sy
<3g 36g 69¢g Total yield of
replacement corms
(em?)
S
= 390.83 390.69* 61.382 843.06*
Sitogate
Glis i,
e oms . 322.92° 410.49* 20.13% 753.75*
Arugula oil
(haie ) 28l
Control (Distilled 408.78* 405.90* 10.83¢ 825492
water)

iz (LSD) o ine 8! J8lis ygnf] olud pasys & Jlazs) mdaw 5 )5 e GBS 4l o5 e G SO fBlas (]l slagnSilen (ygnm pn 30
In each column, the means with at least one common letter are not significantly different at the 5% probability level using LSD

test.

ey, 50 ylyhe; 5,50 Gaasy Sty SV ygu GiTiile Zglaw oobu il 4 by po (Siln dnglile gulii A Jgu
e JP ST
Table 9. mean comparison of the simple effect of different levels of super gallant herbicide application on the

yield of saffron replacement corms in different weight groups

duesi Hlade 31 dsyd) e alide Jig geg S 40 5550 glaaiy o, SUec gy I8 5 Sle
(00l Yield of replacement corms in different weight groups Sy
2

Treatment (Percentage of (gm?) Total yield of
recommended dose) <3g 36g 6-9¢g replacement

corms (g m?)
0 425.28° 297.78¢ 0.00¢ 723.06*
20 407.22% 343.06% 62.77° 813.332
40 425.002 362.78bcd 121.942 909.722
60 394,223k 471.11® 0.00¢ 865.00°
80 291.11¢ 452.78ab¢ 0.00¢ 744312
100 302.22%¢ 486.67* 0.00¢ 789.17*

izus (LSD) o ine M3 J3as oygail ol 5 son 0 Jlezs! gl o o ine BMl 136 S e B o S JBis g slagnSile gim 52 50
In each column, the means with at least one common letter are not significantly different at the 5% probability level using LSD

test.

925 slaprfa,s b @28l jo Ca¥lE g (ASile adly lals zohiw )T (il po (S0lie) (il )lg @32 ol Ve Jgu
Qe 30 Sy 550 sladls 1yj9 Camd g S5 SLS (459 44 (339 (wSile g (Fame

Table 10. Analysis of variance (Mean of square) of the effect of reduced levels of super gallant herbicide in
combination with natural and mineral oils on the mean weight of replacement corms, total dry weight and
corm to leaf weight ratio in saffron

Ol 2o a0 POl i eile glealigi camd gleasy) J5 SIS 5
S.0.V sol3l GBS Ay shel g 530 Sy g (Fyg 5

d.f Mean weight  Mean weight Replacement Total dry weight

of of main corms to leaves  (replacement corms
replacement replacement weight ratio and leaves)
corms corm

1<
A5 L 2 0.030 0.211= 512.720 67510.092¢
Replication
A) iy, i
W) ofs) e 2 0.133% 0.417% 119.77% 45661.48%
Oil application
B) zsils ~
) . gl 5 0.028 1.689" 207.85% 44327.25
Herbicide levels
Hiza

10 0.149 1.037= 157.90= 50108.08=¢
AxB
Uas

34 0.110 19.25 173.15 44190.49
Error
‘:".m*" [y

- 28.15 25.58 55.48 24.81

C.V (%)

e pis 5 3030 Jlas! law 53 )l ae a5 54 1IS g #
* and ns are significant at the 5% probability levels and not significant, respectively.
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Fig 5. Interaction effect of Super gallant herbicide levels and natural and mineral oils on the yield
of replacement corms of saffron in the weight group of lower than 3 g
Aizs (LSD) o sime M) Jolus 905l oll p dioyd & Jlois] rbans )3 I sime M) 183 S o Gy Sy ol 6 (sla pSilie
.Means with at least one common letter are not significantly different at the 5% probability level using LSD test
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Fig 6. Interaction effect of Supergallant herbicide levels and natural and mineral oils on the yield

of replacement corms of saffron in the weight group of 6-9 g

Sz (LSD) s gize M) J3lus (9031 Lolusl 2 o p3 & Jloss] grdaw 53l gime 3B 131 S jidio By K s (6l (slouSilee
Means with at least one common letter are not significantly different at the 5% probability level using LSD test.
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Table 11. Means comparison of the simple effect of natural and mineral oils on the mean weight of
replacement corms, total dry weight and corm to leaf weight ratio in saffron

Sl i eNle a2 (339 el Ay (jg o —dy) IS SS9
Treatment EFF &y shol g 5o Sy g5 (Sygrso gl
Mean weight Mean weight of Replacement Total dry weight
of replacement  main replacement corms to leaves (replacement
corms (g) corm (@) weight ratio corms and leaves)
(gm?)

o 1.278 3.10° 25.60° 882,507

Sitogate

= 0% . 1.162 2.932 24,762 789.442

Arugula oil

Control (Distilled 1.10° 2.79% 20.772 869.382

water)

iz (LSD) s ixe M) J8his 9051 (olusl  dioyd & Jlazn] gaws 13 I dine M) 18 S e o S JBlis (sl (slo 3 Silio ygim 5o )
In each column, the means with at least one common letter are not significantly different at the 5% probability level using LSD test.
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Table 12. Means comparison of the simple effect of reduced levels of super gallant herbicide on the
mean weight of replacement corms, total dry weight and corm to leaf weight ratio in saffron

dmoyi Hlaio I weyd) sled B ig Rl GBSO A e (Sl leaky (g Camd —dy) J5 S (g
!

Mean weight of main

replacement corm (g)

(Srggrpsogle
Total dry weight
(replacement corms

Spa e
Replacement corms
to leaves weight

(o

Treatment (Percentage of
recommended dose)

SrE0 Ay
Mean weight of
replacement

corms (g) ratio and leaves) (g m)
0 1.112 2.15° 16.68? 769.722
20 1.252 2.78® 28.882 846.11°
40 1.242 3.072 23.482 949.727
60 1.182 3.122 29.18° 905.282
80 1.142 3.11° 23.407 780.142
100 1.152 3.392 20.65° 831.672

izt (LSD) o ime M3 JBlus y905] (bl 2 0 )3 B Jloinl grdaw ;0 13 gxo M) 18 S o By S Bl (gl (ol uSilio ygim p0 50
In each column, the means with at least one common letter are not significantly different at the 5% probability level using LSD test.
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ol ()5 Glyae s €)l5e 50 55 m3glS 5 prdeanS gt
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oy Jol Jad o eal g (6550 slaan (59 polie
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Table 13. Analysis of variance (Mean of square) of the effect of reduced levels of super gallant
herbicide in combination with natural and mineral oils on the flowering of saffron

O paati 2bo 8151 a0 J5 slass ¥ U5 o S des Sis S Slos
S.0vV D.F Number of Fresh flower Dry stigma yield
flowers yield
1<
I L 2 2.05™ 0.22" 0.00004"
Replication
A L .
() oy Sree 2 95.55" 10.28" 0.00154™
Oil application
B al
(B) pisile s 5 179.20" 17.80" 0.00293"
Herbicide levels
Jolaze 1 x wx o
10 48.35 4.94 0.00076
AxB
s
34 2.33 0.18 0.00003
Error
Oyl o po
- 57.24 50.66 54.68
C.V. (%)

Mgine pas g do )V Jlais] pdaw )3 I3 pixe ad ey NS g s
** and ns are significant at the 1% probability levels and not significant, respectively.
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Table 14. means comparison of the simple effect of natural and mineral oils on the flowering of saffron

o J5 olaxi JELEYCIPe S IS 0 yKlas
Treatment Number of flowers Fresh flower yield Dry stigma yield
(No. m™) (gm?) (gm?)
e 533a 1.70a 0.0212a
Sitogate
Clita o
ot 1.77b 0.55b 0.0073b
Arugula oil
io ) aals
(e ) 0.88b 0.27b 0.0036b

Control (Distilled water)
s LSD g0l ol o3 0 Jlazs! gl 3l i GBM31 236 S e B> S Jilis (gl (sl aSilen oyt 4o
In each column, the means with at least one common letter are not significantly different at the 5% probability level using LSD test

Olyaes (Pl SOV ) g (i ile Z gl oolu 1 (Sileo dglie N8 9o

Table 15. means comparison of the simple effect of reduced levels of super g herbicide on the flowering saffron
deogi lade 5l aoy3) slew J5 slaws PS5 2 Sles Suis VS 5 Sles
(sawd Number of flowers Fresh flower yield Dry stigma yield

2 -2 -2
Treatment (Percentage (No. m™) (g m™) (g m™)

of recommended dose)

0 0.00¢ 0.00¢ 0.00¢
20 5330 1.70° 0.021°
40 10.672 3.350 0.0432
60 0.00¢ 0.00¢ 0.00¢
80 0.00¢ 0.00° 0.00°
100 0.00¢ 0.00¢ 0.00¢

iz (LSD) s ine B3] s g0l (ol sy & Jlazs! o 3l ime BME8] 431 S e G Sy il () oSl gt o
In each column, the means with at least one common letter are not significantly different at the 5% probability level using LSD test.
P9 s VO al (GLE o 5 5ty a2 )Sles dlaed Lo (ol ool i 090 om el ¥ o S ol
The area of each pot was 400 cm?, so to convert the yields to g per pot, divide the yield numbers by 25.

9 AL gy, b Gaali 50 CV Iy om isale aidly fals Zolaw Jilite 51 4 bor o (nSileo Gluslio guli V8 Jgux
O8] BalS i (Fune
Table 16. Means comparison of the interaction effect of reduced levels of super gallant herbicide in
combination with natural and mineral oils on the flowering of saffron

Crfey Ee e ) aee ) A5Gl pala B olaad Ao il Sn Al o Sl
0Oil type [ERE Y Number of flower (No. Fresh flower vield (g Dry stigma yield (g
m?) m?) m?)

Herbicide levels (Percentage
of recommended dose)

0 0.04 0.04 0.04

20 16.02 5.12 0.0642

S 40 16.02 5.12 0.0632
Sitogate 60 0.0d 0.0d 0.04
80 0.04 0.0d 0.04
100 0.04 0.0d 0.04
0 0.04 0.04 0.04
20 0.04 0.04 0.04

wlits g 40 10.6° 3.3b 0.044°
Arugula oil 60 0.04 0.04 0.04
80 0.04 0.04 0.04
100 0.04 0.04 0.04
4] 0.04 0.04 0.0d
20 0.04 0.04 0.04

(oo ) 2ali 40 5.4¢ 1.6° 0.022¢
Control 60 0.0d 0.0d 0.0d
80 0.04 0.04 0.04
100 0.04 0.04 0.04

iz (LSD) lo ze 8] Jolis cypail oll o aeys 8 Jlazs) el )3 )l 2as B8] 288 5 pmia s G Blas 2l ela S0l g a0
In each column, the means with at least one common letter are not significantly different at the 5% probability level using LSD
test.
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