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Introduction

Citrus industry in Iran with 288 thousand hectares cultivated area, 5.5 million tons annual production and 20
tons per hectare Iran ranks sixth, seventh and fifth in the world, respectively. About 70% of orange production in
Mazandaran province, the most important region for citrus production in Iran, is dedicated to the ‘Thomson
navel’ variety and sour orange rootstock. So, it is very important to evaluate new varieties and suitable
rootstocks to replace them, if necessary. In the present study, the effects of three trifoliate citrus rootstocks on
vegetative growth, quantitative and qualitative yield of early maturing ‘Navelina’ orange was studied over a
seven-year period in Mazandaran province in the North of Iran.

Materials and Methods

Research was performed in a complete randomized block design with ‘Navelina’ orange and three rootstocks
(“Carrizo citrange’; ‘Swingle citrumelo’ and ‘C-35 citrange’) with six replications and with 5 X 3 m planting
distances during 2011 -2020. After planting in the main land, the young trees were trained for four years and
then pruned annually in winter. Plant responses was included tree canopy volume, rootstock and scion
morphological compatibility (affinity), fruit yield, yield efficiency, fruit characteristics in different time and on
different rootstocks, appropriate time to start harvesting, and the theoretical space requirements of the trees for
better land utilization.

Results and Discussion

Three trees on ‘C-35 citrange’ rootstock showed severe leaf chlorosis and leaf abscission in 2018 and 2019,
but with nutrition and irrigation management, two of them returned to normal condition and one of them was
completely declined. In the final year (2020), ‘Carrizo citrange’ rootstock showed the highest (0.765) and
‘Swingle citrumelo’ the lowest (0.655) morphological compatibility with ‘Navelina’ orange. The average tree
canopy volume in 2020 ranged from a minimum of 4.48 m® on ‘Swingle citrumelo’ to a maximum of 5.24 m®on
‘C-35 citrange’ rootstock. So, the volume of Navolina orange trees on all three rootstocks were small. In early
November of 2017-2020 some characteristics of fruits were evaluated. Results showed that ‘Navelina’ orange
had elongated fruits (the ratio of fruit length to fruit width was higher than one), with a large size and weight
(more than 280 grams), thick peel (about 4.4 mm), peel weight to the fruit weight was more than 46%, the juice
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content to fruit weight was more than 41%, and fruits in this time had a pale orange peel color. Average of
harvest index in early November ranged from a minimum of 8.84 in ‘Swingle citrumelo’ to a maximum of 10.74
in ‘Carrizo citrange’ rootstock. ‘Carrizo citrange’ rootstock had the highest average four-year yield (16.61
ton.hal) and the highest average and final-year yield efficiency (6.07 and 7.77 kg.m=, respectively). In the
present study, of the seven-year field trials after planting on the main land, based on tree height and crown
diameter and considering 2.5 m of space between rows of trees, the theoretical space required for each tree was
about 7.5 m?. Therefore, the number of trees can be increased to 1000 trees per hectare to make better use of the
land in this region

Conclusion

Harvest time of ‘Navelina’ orange on ‘Carrizo’ and ‘C-35 citrange’ rootstocks begin in the third decade of
October and on ‘Swingle citrumelo’ rootstock, starts at the first decade of November, at the same time as
harvesting ‘Thomson navel’ orange (the common variety in the region). Due to the early discoloration of the
fruit peel and the contamination of the region with the Mediterranean citrus fly, delay in harvesting causes high
crop losses and pre-harvest fruit drop due to the bites of this insect pest. As well as, delay in harvest reasons the
fruit to become larger and heavier, which reduces fruits marketability. Of the three rootstocks studied in this
research, ‘Carrizo citrange’ was the best rootstock for ‘Navelina’ orange variety. In addition to showing no signs
of decline, it had the highest average yield of four years and the highest average yield efficiency and final year.
Also, the fruit harvest index reached the standard harvest level in late October, which is two weeks earlier than
the common variety in the region.
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Table 2- Some vegetative characteristics of ‘Navelina’ orange on different rootstock, 2015-2020

&8 5l

_ ab baow JJ)#M . £l U yhi CE 4D oo
e & Rootstock Scion T PLITY Heiaht Canopy Tree
S.0vV perimeter perimeter Morphological (cnﬂ) diameter volume
(cm) (cm) compatibility (cm) (m?3)
Ay 17.02 d* 13.07e 0.770 a 135.6d - ;
2015 (A1)
1T 20.00 cd 15.04 de 0.755 a 176.1¢ 175.6 2.91d
2016 (A2)
_ g 23.00 ¢ 16.44 cd 0.715a 1833bc  1872cd  3.43cd
3 8 2017 (A3)
> yay
27.14b 19.11 be 0.714 a 187.8 a-c 195.0 be 3.80 bc
2018 (A4)
J¥aA
29.42b 21.17 ab 0.714 a 193.6 ab 202.8 ab 4.24b
2019 (A5)
AGU
33.50a 23.39a 0.702 a 202.2a 2139a 4,94 a
2020 (A6)
5 x Carizo (B1) 23.40b 18.17 ab 0.782 a 181.9a 199.0 a 412a
2 £ < Swingle (B2) 25.46 ab 16.59 b 0.651b 170.3b 188.5a 341b
< C-35 (B3) 26.17 a 19.34a 0.752 a 187.1a 197.2 a 4.06 a
Al B1 16.81 h 13.56 g-i 0.807 ab 136.7d - -
Al B2 16.99 h 11.25i 0.660 c-e 128.3d - -
Al B3 17.25h 14.40 f-i 0.843 a 141.7d - -
A2 B1 19.18 gh 15.73 e-i 0.820 ab 176.7 bc 188.3 b-e 3.37b-d
A2 B2 20.02 gh 12.82 hi 0.642 c-e 168.3 ¢ 163.3¢e 2.41d
A2 B3 20.79 gh 16.57 d-h 0.803 ab 183.3 a-c 175.0 de 2.95 cd
é A3 B1 21.75f-h 16.75d-h 0.770 a-d 188.3 a-c 195.0 a-d 3.85a-Cc
318 A3 B2 22.92 e-h 14.33 f-i 0.623 ¢ 173.3¢c 178.3 c-e 2.94 cd
:3 3 A3 B3 24.33 d-g 18.25 b-g 0.752 a-e 188.3 a-c 188.3 b-e 3.51b-d
o < A4 B1 25.08 c-g 19.42 a-f 0.773 a-c 190.0 a-c 196.7 a-d 3.96 a-Cc
T s A4 B2 27.33 c-f 17.42 c-h 0.633 de 178.3 bc 188.3 b-e 3.33bd
s A4 B3 29.00 b-e 20.50 a-e 0.707 b-e 195.0 a-c 200.0 a-d 4,11 a-c
A5 B1 27.25 c-f 21.08 a-e 0.775 a-c 195.0 a-c 201.7 a-d 4.33a-c
A5 B2 30.17 a-d 20.75 a-e 0.695 b-e 181.7 a-c 201.7 a-d 3.88a-c
A5 B3 30.83 a-c 21.67 a-d 0.702 b-e 204.2 ab 205.0 a-c 4.50 ab
A6 B1 30.33 a-d 22.50 a-c 0.745 a-e 205.0 ab 213.3ab 5.11a
A6 B2 35.33a 23.00 ab 0.655 c-e 191.7 a-c 210.8 ab 4.48 ab
A6 B3 34.83 ab 24.67 a 0.707 b-e 2100 a 2175a 5.24 a

)5 gl dme ciglds Sy (lasalasin el doyd gy Sl adaw 3 Wyl S piie g a5 ola i Sile *
* Means with the same letters are not significantly different according to Duncan’s multiple range test at 5% of probability level.
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Figure 1- ‘Navelina’ trees on three different rootstocks, mid-november 2019
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Figure 2- Decline of ‘Navelina’ orange with ‘C-35 citrange’ rootstock in 2018

way bl -o | | WA Cutignd, —dill
B- November 2018 A- May 2017

WA LT -> WA a5 -
D- November 2019 C- June 2019
i g (g ll Capyiote Ly amb Sl @y o) Gl 51 ‘C-35 g’y (99, gl LBy 51 (S g5 908 Sl 0~ JSUS

Figure 3- Decline of two of ‘Navelina’ orange trees on ‘C-35 citrange’ rootstock and returning it to its natural state with
irrigation and nutrition management



VY .. g9, (Citrus sinensis cv. Navelina) ‘Cusl’ JW y cuis 50 ;Ko 2L 555 5 (5 ol (S5

way bl -0
B- November 2018
sl ¢ hid '}" "

WA U -
D- November 2019

‘C-35 g’ wly g9 Lol JUS - JSCS
Figure 4- ‘Navelina’ orange on ‘C-35 citrange’ rootstock
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Table 2- Some quantitative and qualitative traits of ‘Navelina’ fruit at harvest time in 2017-2020

Colbs gm0 J _. .
o920 (139 wJ ; Ky b dlge  RB l LS
o g, Cowgy dgm0 1O E haad ] °)L“"° oe
% 2o Fruit g . Cwg  Joe el
. Peel Fruit Peel Juice ’ Cowld g
S0V weight . o Peel TSS TA
© thickness length: (%) (7o) lor (%) by TSS:TA
(mm) width colo o)
\Yas
263.2 a* 4.28 ab 1.029 a 49.0a 40.8a 458a 11.63 a 1.10b 10.55a
2017 (A1)
yyay
284.1a 478 a 0.983 a 49.6a 40.8a 3.00b 11.08 a 146 a 7.84b
. 2018 (A2)
3 8
RS yYaA
287.0a 5.11a 1.023a 44.4b 41.7a 4.00ab 11.37a 1.04b 11.28 a
2019 (A3)
AGU
293.2a 341b 1.010a 42.4b 41.5a -- -- -- --
2020 (A4)
x Carizo (B1) 295.8 a 4.75a 1.028 a 46.3a 38.0b 3.75ab 11.19a 1.07b 10.74 a
= % Swingle (B2) 271.0a 4.32ab 1.004 a 448a 419ab 4.17a 11.38 a 1.36a 8.84b
o
& C-35(B3) 278.8 a 4.12b 1.001a 48.0a 437a 3.67ab 1151a 1.17b 10.09 a
Al B1 286.5 ab 5.26 ab 1.070a 46.3a-¢c 423ab 4.25ab 11.38a 0.96 ¢ 11.52 ab
Al B2 2405b 3.46 de 1.033a 48.2a-c 444a 4.75a 12.13a 1.17bc  10.38 bc
Al B3 262.5 ab 4.14 b-e 0.985 a 525ab 44.7a 4.75a 11.38 a 1.17 be 9.74 cd
A2 B1 272.8 ab 4.60 a-d 0.965 a 52.7a 36.3b 3.25ab 11.13a 1.29b 8.78d
§ A2 B2 281.5ab 5.67a 0.993a 48.6a-c  40.0ab 3.25ab 11.00a 1.74a 6.49¢e
% % A2 B3 298.0 ab 4.06 b-e 0.990 a 47.4a-c 43.2a 2.50b 11.13a 1.35b 8.26d
o
_—):;A ; A3 B1 2775ab 5.56 a 1.043a 43.7 bc 375b 3.75ab 11.07a 0.96 ¢ 11.93a
§ A3 B2 280.0 ab 5.00 ab 0.980 a 424c 414ab 450a 11.00a 1.16 bc 9.66 cd
A3 B3 303.5ab 4,77 a-c 1.045a 471ac  433a 3.75ab 12.02a 1.00c 12.25a
A4 B1 345.3a 3.58 ¢c-e 1.035a 424c¢c 36.0b -- -- -- --
A4 B2 283.0 ab 3.17e 1.013 a 399c¢c 419ab -- -- -- --
A4 B3 251.3ab 3.50 c-e 0.983a 449a-c 43.7a -- -- -- --

5 gl me iglds Sl glataldsin g0l Moy gy Jlein] aaw  wbyls S e gy a5 laSile *

* Means with the same letters are not significantly different according to Duncan’s multiple range test at 5% of probability level.
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Figure 5- ‘Navelina’ orange on ‘Carrizo citrange’, ‘Swingle citrumelo’, and ‘C-35 citrange’ rootstock (top), the

elongated shape and two-tone peel of the fruit in November (bottom, right) and a longitudinal and transverse section of
the fruit and the large secondary fruit (navel) in this cultivar of navel orange (bottom, left), November 2018
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Table 4- Changes in some quantitative and qualitative characteristics of ‘Navelina’ orange fruit in four stages of fruit

harvesting in 2018
Colus L .. dge .
. OB L Coigy o jlas =l =, o JE
s N H 4 £ i . . . . ‘ e .
e & Fruit Peel Peel Juice ¥ s Joloxe OREIIT ey
SOV weight o iy Peel Peel TA
thickness (%) (%) TSS TSSITA
9 texture  color (%)
(mm) (%)
WAV/V/Y -
253 b% 4,37 1 25b 2. . 7 1.74 04
0101 53b* 437a 59.1a 325b 233a 558a 9.75b a  6.04c
~ E WAV/A/N - 39.8
5§ 284ab 4.7 49, 1.92 . 11. 14 7.84
2*5 2018.11.1(A2) 84ab 8a 9.6b ab 92a 3.00b 08a 6 ab 84b
32 ‘TAviAYe 317a 439a 470b 432a 183a 158c 11.07a 132bc  8.96b
° £ 2018.11.15(A3) ' ' ' ' ' ' ' '
Wav/a/yo
s0i8 1015ae) 3162 4233 439b 4562 167a 100c 1139a 103c 1194
x Caizo(Bl) 317a 419a 490a 404a 206a 288a 1078a 118b  9.85a
o
Ed £ Swingle (B2) 270ab  4.79a 488a 399a 188a 294a 1094a 1l71a 7.12b
o
o C-35(B3) 291ab 4.34a 51.9a 40.6a 188a 256a 10.74a 1.27b 9.05a
AL BL 201ab 3.90ab  56.7 a<c 35'04"’" 250a 550a 950c 144b-d  6.92ef
Al B2 215b  416ab 58.4ab 3&9 200a 575a 10'20"’" 221a  476f
Al B3 254ab  5.04ab 62.3a 30.3c 250a 550a 9.75bc 1.56bc 6.44 ef
A2 B1 273ab  460ab 527bd 3 2502 3250 113 120bd s78ce
o i
[&]
§  A2B2  282ab 567a 486ce V0% 2002 325b -00  174ab  6.49ef
38
X% A2B3  208ab 406ab 474de ‘37 125a 250b 113 13500 826ce
B R)
‘3’ £ asml %92  360b 446de 451a 175a L175c o0 111bd  9.89be
3 [72]
©  A3B2  26ab 463ab 470de  *2%  200a 175¢ ¥ 1esa 7350
ks ab a-c
A3B3  318ab 496ab 492ce T 1752 125¢ 120 122bd  962bed
A4 Bl 338a 4,66 ab 42.1e 446a 150a 1.00c 11.70a 0.87d 13.81a
A4 B2 289ab 472eb  410e 449a 150a L100c =" 126bd  9.89bc
A4B3  203ab 332b 487ce 47.2a 200a 100c -0 095cd 1186ab

)5 gl ime iglds Sl glaalasin g0l Moy gy Jlein] w43 (yls S pde g a5 lapSile *
* Means with the same letters are not significantly different according to Duncan’s multiple range test at 5% of probability level.
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Table 4- Yield and yield efficiency of ‘Navelina’ orange on three different rootstocks in 2017-2020

5 ZU pe 38es ) 9 gLad QLB geT Bl (5,50 3,8
5 ol $Sos : > ] . . .
Pl vield volume Yield Theoretical Theoretical Theoretical
S.0.v (ton.ha) md) efficiency space number of tree yield
) (kg.m3) (m?.tree?) (ha) (ton.ha?)
g 1017¢*  3.43c 452¢ 6.17¢ 1658 a 246D
2017 (A1)
yyay
= 12.58 bc 3.80 bc 4.97 be 6.53 bc 1556 ab 28.56 ab
3 8 2018 (A2)
> WA
16.02 ab 4.24b 5.95ab 6.91ab 1474 be 35.10a
2019 (A3)
1¥aq
18.95a 494 a 6.02a 7.48a 1366 ¢ 38.13a
2020 (A4)
% Carizo (B1) 16.61a 43la 6.07 a 6.88 a 1505 a 36.00 a
o
=l % Swingle (B2) 12.07b 3.66b 4.94b 6.53a 1568 a 27.19b
[e)
@ C-35(B3) 14.61 ab 4.34a 5.09 ab 6.90a 1468 a 31.61ab
Al1B1 10.72 cd 3.85a-cC 434c 6.54 a-c 1565 ab 2462 ¢
Al B2 8.10d 2.94c 4.24c 5.76 ¢ 1784 a 2097 ¢
Al B3 11.70 cd 3.51hbc 4.98 bc 6.21 bc 1626 ab 28.23¢
§ A2 B1 12.82 b-d 3.96 a-Cc 4.87 bc 6.62 a-c 1548 ab 28.43¢
3 B A2 B2 10.06 cd 3.33hc 4.63c 6.21 bc 1628 ab 24.45¢
:J g A2 B3 14.86 bc 41lac 5.41 a-c 6.77 a-c 1493 ab 32.78 bc
S ox A3 Bl 18.99 ab 4.33a-C 7.31ab 6.89 a-c 1513 ab 42.12 ab
< g A3 B2 13.73 b-d 3.88a-cC 5.38 a-Cc 6.85a-c 1474 ab 30.22 be
> A3 B3 15.35 bc 4.50 ab 5.15bc 7.01a-c 1434 b 32.97 bc
A4 Bl 23.89a 5.11a 7.77a 7.48 ab 1394 b 48.83 a
A4 B2 16.41 bc 4.48 ab 5.49 a-c 7.31ab 1384 b 33.12bc
A4 B3 16.55 bc 5.24 a 4.80 bc 7.64a 1320 b 32.45 bc

)5 gl dme iglds Sl glasaldain g0l Moy gy Jlein] aaw o wbyls S e gy a5 laSile *
* Means with the same letters are not significantly different according to Duncan’s multiple test at 5% of probability level.
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Introduction

Hypericum perforatum L. is an important medicinal plant that used for depression treatment. In vitro
regeneration has been successfully achieved for many Hypericum species from a range of explants sources with
different growth regulators. Recent studies have demonstrated that in vitro culture is an option for multiplication
of different Hypericum species. With consideration this notice that tissue culture can provide an affordable
alternative method for propagation with high speed to production of intensive plant material as well as suitable
materials for breeding programs of H. perforatum, the objective of this study was to investigate the effects of
explant types (leaf and stem), plant growth regulators (2,4-Dichlorophenoxyacetic acid (2,4-D), Naphthalene
Acetic Acid (NAA), Benzyl Adenine (BA) and Kinetin (Kin)), light (dark and weak light), media culture (MS
medium and MS medium with B5 vitamins) and poly vinyl pyrrolidone (PVP) on callus induction in H.
perforatum at in vitro culture condition.

Materials and Methods

For preparation of sterile plantlets, the seeds of Iranian H. perforatum (Azadshahr population) were cultured
in 1.2 MS growth regulator free-media. For investigation the callus induction of Iranian H. perforatum the leaf
and stem explants of in vitro obtained plantlets were used. Explants were cultured in different concentrations of
2,4-D (0.2, 0.5 and 1 mg.I"%) with two kinds of cytokines BA and Kin (0.2, 0.5 and 1 mg.I"!) as well as 1 mg.|*
NAA. For browning control of calli the effects of light (dark and weak light), media culture (MS medium and
MS medium with B5 vitamins) and four concentrations of poly vinyl pyrrolidone (0, 50, 100 and 200 mg.l")
were also surveyed.

Results and Discussion
Callus cultures could be used for cell suspension initiation, studying of their morphogenetic potential and
screening of secondary metabolite profile. In present study the response of two H. perforatum explants (leaf and
stem) to different levels and combinations of auxins and cytokinins were tested. The callus induction in both
studied explants (leaf and stem) was just observed in supplemented media with plant growth regulators. The calli
of leaf explants were showed better growth in dark and the highest callus fresh weight was obtained in 0.25 mg.I

Authors retain the copyright. This is an open access article distributed under Creative Commons
B Attribution 4.0 International License (CC BY 4.0).

https://doi.org/10.22067/jhs.2021.59629.0



https://jhs.um.ac.ir/
mailto:azizi@um.ac.ir
https://doi.org/10.22067/jhs.2021.59629.0
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/jhs.2021.59629.0
https://orcid.org/0000-0002-8813-4518
https://orcid.org/0000-0002-0287-4006

VP 5l o) ojlosds Fr il (55,0l @abuo g pole) (SLfl pole 4 205 Y

12,4-D + 1 mg.I"t Kin and 0.5 mg.I"* 2.4-D + 1 mg.I* BA. of the various concentrations and combination of
growth regulators, the minimum response about callus induction was observed in the presence of 1 mg.I"t 2,4-D
in combination with 1 mg.I’* NAA. The obtained calli got browning shortly after induction. The investigation of
light effect on callus quantity and quality showed that not only light did not affect the callus induction and callus
browning but also reduced the callus growth. The highest callus fresh weight was obtained in 100 mg.I"* poly
vinyl pyrrolidone in leaf explant. Few species within the genus Hypericum have been used to produce callus. In
H. perforatum seedling, different explants such as shoot apical meristem, stem segments and leaves were used
for callus induction. In H. erectum callus induction was obtained by culturing seedlings in the presence of Indole
Acetic Acid (IAA) and BA under darkness. The combination of cytokinins and auxins did not support callus
growth of H. brasiliense and callus of nodal explants was only obtained in the presence of 2,4-D or NAA using
either MS or B5 medium. These differences among literatures can be due to different cultivars, culture
conditions, explant type and medium composition.

Conclusion
The plant growth regulators is necessary for callus induction in Iranian H. perforatum and leaf is suitable for
this purpose. The light intensity and poly vinyl pyrrolidone did not control the browning of of H. perforatum
calli.

Keywords: Browning, Media culture, Medicinal plant, Plant growth regulators, Poly vinyl pyrrolidone
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Table 2- The interaction effect of light and media culture on the callus induction of leaf explant in Iranian H. perforatum
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* Values followed by different letters are significantly different based on Duncan’s multiple range test at p < 0.05.
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Table 3- The interaction effect of light xmedia on the callus induction of stem explant in Iranian H. perforatum
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* Values followed by different letters are significantly different according to Duncan’s multiple range test at p < 0.05.
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Figure 2- green derived callus from leaf explant of Iranian H. perforatum in supplemented MS media with 0.5 mg.l"' 2,4-D +

0.5 mg.l"! BA (A), green derived callus from stem explant in MS media supplemented with 0.25 mg.I"' 2,4-D + 1 mg I-1 BA (B),
c: formed red points on derived callus from leaf explant (C), formed red points on derived callus from stem explant (D)
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Table 4- The interaction effect of explant type x different concentrations of PVP on the callus induction of Iranian H.

perforatum
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Figure 3- green derived callus from leaf explant of Iranian H. perforatum in media supplemented with 0.25 mg.I"! 2,4-D + 1
mg.l' BA and 100 mg.I' PVP (A), green derived callus from stem explant in media supplemented with 0.25 mg.I"! 2,4-D + 1
mg.I"' BA and 100 mg.I'' PVP (B), low growth of stem derived callus in media supplemented with 0.25 mg.l"' 2,4-D + 1 mg.I"!
Kin and 100 mg.I'" PVP (C), uncontrolled callus browning in 200 mg.I"! PVP (D)
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Introduction

Rosa hybrida is known as one of the most important cut flowers. Rosa hybrida is one of the most diverse and
widespread plants in the Northern hemisphere in terms of growth habit, flower color and shape. Roses are mostly
grown in the ornamental industries as cut flowers, potted plants and bedding plants due to their ornamental value.
In addition, roses and their products have many applications in various industries such as beverages, cosmetics,
food and pharmaceuticals. So, salinity stress is one of the environmental factors limiting the cultivation of this
plant. Appropriate plant nutrition plays a significant role in raising the tolerance level of plants against various
stresses.

Materials and Methods

This experiment was carried out in the form of a completely randomized design with four replications in the
research greenhouse of the Faculty of Agriculture and Natural Resources of Mohaghegh Ardabili University.
Experimental treatments included control, salinity with the concentration of 120 mM, salinity + fulvic acid 10
mg.L?, salinity + fulvic acid 30 mg.L™, salinity + fulvic acid 60 mg.L™?, salinity + fulvic acid 90 mg.L, salinity
+ fulvic acid 120 mg.L . After the plants were established in the original pots, they were placed on platforms one
meter above the ground. On average, each pot was fed twice a day with a basal nutrient solution based on modified
Hoagland nutrient solution. Experimental treatments were applied approximately 50 days after the plants were
established. Salinity treatment was applied by sodium chloride. 100 to 150 ml of nutrient solution was added to
each treatmentaccording to the growth stage of the plant. The growth medium was rinsed once a week to minimize
EC changes. The pH of the nutrient solution was adjusted to 6.5 with 37% hydrochloric acid. Flowers were
harvested at the beginning of sepal opening (economic harvest stage) from a height of 45 cm of the flowering stem
with a sharp knife. The stem was immediately placed in 500 ml bottles filled with 250 ml of distilled water
containing 75 mg /L Sodium hypochlorite.

Results and Discussion
The results showed that the application of salt stress with a concentration of 120 mM caused a significant
decrease in leaf fresh weight, stem fresh weight, number of flowers, vase life, flower diameter, relative water
content of leaves and the amount of a, b and total chlorophyll in comparison with the control treatment. Also, the
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results showed that the application of fulvic acid had a significanteffect on the studied traits. So that the application
of fulvic acid increased the growth, physiological and quality parameters of roses. The results showed that leaf
fresh weight, stem fresh weight, flower number, flower length and vase life were significantly affected by salinity
and fulvic acid treatments. So that under salinity stress conditions, the highest leaf fresh weight (3.56 g) and stem
fresh weight (27.51 g) were obtained in the 30 mg.L™ fulvic acid treatment. Also, the highest number of flowers
(2.25), flower length (45.51 mm) and vase life (10.50) were observed in the 30 mg.L™ fulvic acid treatments in
the non-salinity conditions, and the lowest levels of these traits were obtained in the salinity and non-fulvic acid
treatments. Fulvic acid increases the availability of the elements in the plant by chelating the minerals including,
potassium, magnesium, zinc, calcium, iron, copper and increasing enhance the growth of lateral roots.

Conclusion
It seems that the application of fulvic acid can be useful in removing osmotic stress and improving the growth
and efficiency of rose plants under salt stress conditions. This experiment shows that adding fulvic acid to saline
water can reduce the effects of salinity stress on rose plants. So that using different concentrations of fulvic acid
(10, 30, 60 and 90 mg.L™?), especially the concentration of 30 mg.L™?, improved the absorption of nutrients such
as nitrogen, potassium and calcium and photosynthetic pigments and moderated the adverse effects of salinity
stress.

Keywords: Abiotic stress, Humic substances, Hydroponics, Ornamental plants
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MgSOa4 246
KH2PO4 72
(NH4)2S04 318

9550 polis S
Micro element Amount (mg.L 1)

HsBOs 4.9
Na2MoO4 0.06
Zn- EDTA 3.5
Cu-EDTA 0.71
Mn-EDTA 7.7
(Fe-EDDHA)138 50
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Table 2- ANOVA for the effect of salinity and fulvic acid treatment on the morphological traits and vase life of rose cv. Dulce

Vita
i gle (gdljlaay ‘SL\";JS’“ S5 Slax S Jgb °M°"__J|s ——— Sy o
ase . owering .
SHOAY df life Flower number Flower height stem fresh weight Leaf fresh weight
S
* 3 0.524" 0.607" 6.571" 70.222° 0.285™
Block
o 6 4.655* 0.833* 80.520* 0.274* 0.828*
Treatment
s
18 0.329 0.246 17.702 0.077 0.267
Error
oD 5.625 5.991 6.658 21.95 16.809
CV (%)

Lo yd Sy g iy Jloid gaw 3 5 gime g I ixe i o ey sk
ns, * and **: non-significant, and significant at p<0.05 and p<0.01, respectively
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Table 3- The effect of combined salinity and fulvic acid treatment on the morphological traits and vase life of rose cv. Dulce

Vita
W, Lo J5 slass SLdS poe 5 Jsb Blw 5 o9 S P ok
y Vase life Flower height Stem fresh Leaf fresh
Treatments Flower number (day) (mm) weight (q) weight (q)
sald 3.00% 12.002 52.222 31.58? 3.69?
Control
‘5_”‘_5 1.50° 8.70°¢ 32.85°¢ 23.58 2.77be
Salinity
298 pSiakn V0 Saglgband 200" 9.00° 42,23 23.79ccb 2.94%¢
Fulvic acid 10 mg+ salinity
b p S T Saglshil 2.25% 10.50° 45.49b 2751 % 3.65%¢
Fulvic acid 30 mg+ salinity
Sopd  pSe P Saglshul 2,05 10,500 44,510 25.900¢ 3.17%¢
Fulvic acid 60 mg+ salinity
opd  pSe e Saglshd 2.25% 10.25" 44.400 25,500 2.98%¢
Fulvic acid 90 mg+ salinity
a9 % p ke Ve Saglgbnl 2000 10.00° 4330° 23.85 2.38°

Fulvic acid 120 mg+ salinity
ol (S3ly (lasalsniz g0l doyd gy grdaw 53 I3 sime BB 34 pie 0aimd LS ygiw b p3 dilie gy
* Similar letters in each column indicate no significant difference using Duncan’s multiple ramge test (p<0.05).
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Table 4- ANOVA for the effect of salinity and fulvic acid on the amount of absorbed solution of rose cv. Dulce Vita

Ol ynti’ 2slie RS Jo! 595 @9 59, o 39) R 59, R 395 NPT
S.0.vV df 1 day 3 day 5 day 7 day 9 day 11 day
1
Bloil:ek 3 465.99"™ 120.596" 241.930™ 29.636™ 16.511™ 396.977**
o 6 2276.059* 2632.361** 883.48* 659.261* 277.516* 378.005*
Treatment
Eura;:)r 18 154.696 269.518 188.223 114.963 45.821 31.479
e 27.1 29.510 30.955 29.504 29.294 32.095
CV (%)

oy iy 9 S el maw )3 by gxe g I dzeyuE o gy sk ik NS
ns, * and **: non-significant, and significant at p<0.05 and p<0.01, respectively

Loy awdgd’ o8 5, JS sdicoia Jgbme oljee 1 Saglsdinmsl 9 (5 y9eb iU -0 Jga

Table 5- The effect of salinity stress and fulvic acid on the amount of absorbed solution of rose cv. Dulce Vita

B lowi Jol 59 P 39y ey R gy S BTV L 3T
Treatments 1 day 3 day 5 day 7 day 9 day 11lday
aald 99,35 111.222 79.322 64.65 41.29? 34,85
Control
S5 29.520 31.10 32.45P 26.85P 16.60° 9.34¢
Salinity
o ¥ p Sk )1 Saglgba] 36.98" 47.78 43.48 30.48 19.04b 16.50b¢
Fulvic acid 10 mg + salinity
050+ p ke T Syl 40.425 6257  4543°  34.36° 26.425 18,08
Fulvic acid 30 mg + salinity
95+ piska Pe Siglgbid 40.25P 48.54P 49.38° 32.29 24.79 18.59b
Fulvic acid 60 mg + salinity
it es e U “5”199_‘*?' 38.78P 43.83° 45.44b 39.89P 21.61° 14.69¢
Fulvic acid 90 mg + salinity
G955+ Pk e Suglgbi 35.95b 44,275 35.00° 36.420 18.07° 10.80¢

Fulvic acid 120 mg + salinity

ol (S3l> (lsalsniz g0l doyd iy grdaw 53 I3 sime BB 34 pie 0aimd LS (ygiw b p3 dilie gy
* Similar letters in each column indicate no significant difference using Duncan’s multiple range test (p<0.05)

ool boob ol Sygdedal g 6yed 1 wp ()b
Slgzee (2lE Joloee 4 i 5 )5 e Yo jladedy Syglgbal
G395 O Lalpd b dwlio 3 ()b gine yobts Sy ] s
GMs] Syglgdannl rclale plo 3 o Jlsyd il a3l

N
256 Co (o sime yeboas Sy Ol o (slgime o8 ol it s
355 5 Jlesl b &S gyt w85 )18 Saglgdanl 9 (g)9
SF Jgss) el Lials sals b dwlie 1 S O s (glgie



YA By 5y el pas 5 (S 5la 9890 ST 9 ¢ S glgditmmil ;3 o)y K0 g ol

L Jdo)lS olsse (1581 Gpiomen (Jesmin et al., 2023) ol
Lycopersicon  SydassS ls 0 Sgledawl 2y
Achillea ) (kg o (Sun et al., 2014) (esculentum L.)
Gl 0l 5158 55 (Bayat et al., 2021) (millefolium L.
b Sn JBe S lgme (ypd U5 Cov Syglgdannl )8
Dot gull e o Fawsid b )8l 4 e g 0dly il
Soglgdil a8 0l oLis (Capsicum annuum L.) Jals olS" (¢,
Aminifard ) cuol il e b o jiwgs oSy o) 5
03ld il 1y Johw slig (5003585  Siogun dlge (et al., 2012
Jltd Gl ol s & A8 o it S0y |y sty 399 9
J315 53 31 T3l %3 (b Sl Jgbo 31 il
A5 el s @y el g Bl 4 e Sl
e polis (dges OIS L S olg8ul (Abul et al., 2007)
g«u.l)lﬁ 60){:& 9 U 5ulb"_ ‘[V,‘:Wl; “«59) 6[».)).3./:: sWL\J ‘ﬁ'.’.“\‘“’
..\4:3) u‘.\:‘)s‘ Cuw g oaly wl)ﬁl blfs 61)4 l) ).aol».c (JJ] (g pwd
Gk o g 038 olS )3 lly g jhed (g st Bpany (Siee

.(Natesan et al., 2007) 545 o0 Judg, IS yl5u0 508 g0

Jiro @lS O s lgime (Y Jgaz) Bl s (5l sxe
a9 05 Ll ) sl oS (o] Gy gy S e
il 2 bgspo Wl o 45 A5 o gy (10N 0lS (B o o lae
Sl ol il o oS oy ialS g adyy e ol el
159, Canglao Liol331L g olS 315 ;5 O b > yus )3 Cenglio
My dgeue o(Heidari Sharif Abad, 2011) wil 5, Lials 4
5o G Y5 51 (Ko Sogfgband §) oolil s 5 e,
Abaszadeh ) cul oai S5 oS5 oyl yeias 3 Sp Ol s
[(Faruji et al., 2018; Roohani et al., 2014,
Sles 586 Cos Jdg)lS i wrdliuna mls el
Sl Sgpsbar (F Joir) <85 )15 Suglgdasul 5 )58
o Gt 2ol 4 Cund G Vga e W (698 Jlasl b Lidg )8
U5 o lS lsioee 5,9 5 Ll oJlo sl 23l imls
o5 o V+15Y) (st 5 48l il 81 o gl 5, L 5
Al 03 Sk Yoo )8 5y S oS o ol Sl (5 g9 p S 0
P Sk Ve Sl jlog 2 & A8 osalie Syglgdanl
5i2) Catlss (gl sine S Sy gl (slojlost 4 by 20
2 Jedo IS e daue diile 0 iz o polie gl (Y
08 ()15 6y98 5 Ll ot S glgdanl 3,8 b gy olS

Log amdgd’ o8 55 J5 (SKjdgr3ud Slho p Sglgdaaml 5 (5590 Hlond il Jlg 4355 =& Joua
Table 6- ANOVA for the effect of salinity and fulvic acid treatment on the physiological traits of rose cv. Dulce Vita

et 5 Sy o S5 . . .
Sl e gl 223 Lg;lfielaiivet/sv:t’et S dds,ls DS akSgrts
S.0.v df content (RWC) Total chlorophyll Chlorophyll b Chlorophyll a
ok 3 10.76™ 0.062" 0.141™ 0.441™
Block
et 6 43.353* 1.161* 2.501* 5.585*
Treatment
s
18 9.233 0.232 0.174 0.431
Error
el 3.750 5.21 11.80 10.60
CV (%)

Soyd iy 5 Sy Jlosis] a3 )b gime g 5 gime e o 5y e e NS
ns, * and **: non-significant, and significant at p<0.05 and p<0.01, respectively
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Table 7- The effect of salinity stress and fulvic acid on the physiological characteristics of rose cv. Dulce Vita

o o @ o 5o JST“;f;’ls b Judy s a Judg i5
. Sy Chlorophyllb  Chlorophyll a
Tretments chlorophyll 1 a2
RWC (%) (Mg.g™ FW) (mg.g™ FW) (mg.g™ FW)
el 87.698" 11.43 3.77° 7.66°
Control
o9 77.700P 4.78¢ 1.47b 3.31¢
Salinity
o9 ¥ p Sk )+ Saglgbad 80.368" 10.07b¢ 3170 6.90°
Fulvic acid 10 mg + salinity
S92+ pS ke Ve Syglgba 82.710° 10.55% 3.49° 7.06°
Fulvic acid 30 mg + salinity
S92+ pS ke Fr Syglgba 79.580° 10.48% 3.66° 6.82b°
Fulvic acid 60 mg + salinity
Sa93+ p S ke e Syl 80.256" 9.96% 3.48° 6.48
Fulvic acid 90 mg + salinity
S+ P ke WV Saglgf 78.837° 9.85¢ 3.428 6.430

Fulvic acid 120 mg + salinity

ol (S3l> (lasalssin g0l doyd gy prdaw 53 I3 sime BB 3gmg pie oaimd LS ygiw b p3 alie gy
* Similar letters in each column indicate no significant difference using Duncan’s multiple range test (p<0.05)
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Table 8- ANOVA for the effect of salinity and fulvic acid treatment on the absorption of nutritional elements of rose cv. Dulce

Vita
i galio RS ol 0395 oy S
S.0.V df Ca N K Na
3 0.023 0.048 0.043m 0.073™
Block
)L"‘-:j # e st #
6 0.147 0.152 0.122 0.095
Treatment
s
18 0.005 0.005 0.050 0.54
Error
el 7.27 8.80 5.72 14.82
CV (%)

ns

Saoyd iy 9 G Jloin ] o (3 )l Gze g 5 gime i o ey e e
ns, * and **: non-significant, and significant at p<0.05 and p<0.01, respectively
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Table 9- The effect of salinity stress and fulvic acid on the amount of nutritional elements absorption of rose cv. Dulce Vita

Wy Lows ] 0395 oo Uy X
Tretments Ca (%) N (%) K (%) Na (%)
aals 1.321%" 2.69¢ 1.7082 2.28¢°
Control
“5_”’_:3 0.8444 2544 1.376° 6.132
Salinity
Sogs t P)S‘_A‘:“’ ) ‘-gi}lﬁs"\ﬁ‘”l 1.228be 2.74bc 1.486° 4.87%¢

Fulvic acid 10 mg + salinity
o9+ p S ke Vo Syglgbuul

I - 1.3882 3.13 1.6962 3.624
Fulvic acid 30 mg + salinity
Sogs t F)f&.;".‘:";' ‘S"}l}s“\“"l 1.4222 2.06° 1.5422 3.99cd
Fulvic acid 60 mg + salinity
Sogs t F)f‘.;‘*" a- ‘S"}l}s“\“"l 1.2502 2.84b 1.4892 4.19¢
Fulvic acid 90 mg + salinity

& e . a I
Sogw Tt F)s‘.;""" W ‘S"}l}s“\“" 1.198¢ 2.71bc 1.212@ 5.38®

Fulvic acid 120 mg + salinity
ol (Sl (lasalsniz g0l doyd gy prdaw 53 I3 sime BB 34 pie oaimd LS (ygiw b p3 dilie gy %
* Similar letters in each column indicate no significant difference using Duncan’s multiple range test (p<0.05)

@ Seglgdinl (3938 & amd oo (LS Glalojl b el (6)98 & g5 A
camd (EalST ] 5y IS olS p 6y9 (15 Sl B1Ig e yed slac] G sre yobdy (6yei LT (imgi opl jl Jols mls olly
Fe oY ) Soglghanl cilise slacdale (3,15 4 45 (50 Gl e (Seidlopd iliscsy, clis 4l il el
Gk Sl g3 p)Sdee Yo clale oo (1) )0 p)S e R0 0035 Uy asd 0 3y JS Cadld s jl s yos Jsbo g polic (S
035 g dS 9 waliy ¢)3g pi Ale (238 polie Ol dgn y Sedsiinl bie 51 Sl sndcwnsd mls picmen

B3 (698 A5 gllasl SISl L cevge (5 5tmgid G5 o g dudyd b8y 5y U5 0LS 5 aisis Sl slayasls
References

1. Abaszadeh Faruji, R. M., Shoor, A., Tehrani Far, B., & Safari. N. (2018). Effects of humic acid and fulvic acid on
some morphological characteristics of geranium. Journal of Horticultural Science, 32(1), 35-50.(in Persian with
English abstract). https://doi.org/10.22067/jhorts4.v31i3.57849


https://doi.org/10.22067/jhorts4.v31i3.57849

VP 5l o) ol oF e o o((55)9liS abuo g pole) SLel pole @l ¥Y

oo

10.

11.

12.

13.
14.
15.
16.

17.

18.

19.

20.

21.

22.

23.

Abdolmaleki, M., Khosh, K. M., Eshghi, S., & Ramezanian, A. (2015). Improvement in vase life of cut rose
cv.“Dolce Vita” by preharvest foliar application of calcium chloride and salicylic acid. International Journal of
Horticultural Science and Technology, 2(1), 55-66. https://doi:10.22059/1JHST.2015.54264

Abul, B., Giasuddin, A. M., Kanel, S., & hoi, H.C. (2007). Adsorption of humic acid onto nanoscale zerovalent
iron and its effect on arsenic removal. Environmental Science and Technology, 41(6), 2022-2027.https://doi:
10.1021/es0616534.

Ali, E. F., Al-Yasi, H. M., Issa, A. A., Hessini, K., & Hassan, F. A. (2022). Ginger extract and fulvic acid foliar
applications as novel practical approaches to improve the growth and productivity of Damask Rose. Plants, 11(3),
412. https://doi:10.3390/plants11030412

Arnon, A. N. (1967). Method of extraction of chlorophyll in the plants. Agronomy Journal, 23, 112-121.
Aminifard, M. H., Aroiee, H., Nemati, H., Azizi, M., & Hawa, Z. E. (2012). Fulvic acid affects pepper antioxidant
activity and fruit quality. African Journal of Biotechnology, 11, 13179-13185. https://d0i:10.5897/AJB12.1507
Balakumbahan, R., & Rajamani, K. (2010). Effect of biostimulants on growth and yield of senna (Cassia
angustifoliavar KKM.1). Journal of Horticultural Science and Ornamental Plants, IDOSI Publication, 2, 16-8.
Bayat, H., Shafie, F., Aminifard, M. H., & Daghighi, S. (2021). Comparative effects of humic and fulvic acids as
biostimulants on growth, antioxidant activity and nutrient content of yarrow (Achillea millefolium L.). Scientia
Horticulturae, 279, 109912. . https://doi:10.1016/j.scienta.2021.109912

Canellas, L. P, Teixeira Junior, L. R. L, Dobbss, L. B, Silva, C. A, Medici, L. O., Zandonadi, D. B., & Facanha, A.
R. (2008). Humic acids cross interactions with root and organic acids. Annals of Applied Biology, 153,157-66.
https://do0i:10.1111/j.1744-7348.2008.00249.x

Calvo, P., Nelson, L., & Kloepper, J. W. (2014). Agricultural uses of plant biostimulants. Plant and Soil, 383, 3-
41. https://d0i:10.1007/s11104-014-2131-8

Cai, X., Niu, G., Starman, T., & Hall, C. (2014). Response of six garden roses (Rosa x hybrida L.) to salt stress.
Scientia Horticulturae, 168, 27-32. https://doi:10.1016/j.scienta.2013.12.032

Capstaff, N. M., Morrison, F., Cheema, J., Brett, P., Hill, L., Mufioz-Garcia, J. C., Khimyak, Y. Z. M, Domoney,
C., & Miller, A. J. (2020). Fulvic acid increases forage legume growth inducing preferential up-regulation of
nodulation and signalling-related genes. Journal of Experimental Botany, 71, 5689-5704.
https://doi:10.1093/jxb/eraa283.

Cotteni, A. (1980). Methods of plant analysis. In: Westerman R.L. (Ed.), Soil and Plant Testing. FAO Soil Bulletin,
pp. 64-100.

Dinler, B. S., Gunduzer, E., & Tekinay, T. (2016). Pre-treatment of fulvic acid plays a stimulant role in protection
of soybean (Glycine max L.) leaves against heat and salt stress. Acta Biologica Cracoviensia Botny, 58, 29-41.
https://doi: 10.1515/abcsb-2016-0002.

Frairevelazquez, S., & Balderas-Hernandez, V. E. (2013). Abiotic stress in plants and metabolic responses. In:
Vahdati K, Leslie C (Eds.), Abiotic Stress-Plant Responses and Applications in Agriculture. Intechopen, pp. 25-48.
https://doi:10.5772/54859

Gaurav, A. K., Namita, D., Raju, M., Ramkumar, M., Singh, B., Singh, S. G., Krishnan S., Panwar, M., & Sevanthi,
A. (2021). Genetic diversity analysis of wild and cultivated Rosa species of India using microsatellite markers and
their comparison with morphology based diversity. Journal of Plant Biochemistry and Biotechnology, 31(1) 1-10.
https://doi:10.1007/s13562-021-00655-3

Gabr, S., Abouelsaad, 1., Brengi, S., & Gouda. A. (2022). Salt stress mitigation of spinach plants as affected by
silicon and fulvic acid. Advanced Agricultural Research and Technology Journal, 27, 26-42.
https://doi:10.3390/plants12122359

Gomaa, M. A., Kandil, E. E., & Gharib, A. (2019). Response of wheat plants to seaweed extracts and fluvic acid
under irrigation with drainage water. Egyptian Academic Journal of Biological Sciences, 10, 35-44.
https://doi:10.21608/eajbsh.2019.44518

Hatami, E., Shokouhian, A. A., Ghanbari, A. R., & Naseri, L. A. (2018). Alleviating salt stress in almond rootstocks
using of humic acid. Scientia Horticulturae, 237, 296-302. https://doi:10.1016/j.scienta.2018.03.034

Hajlaoui, H. N., Ayeb, E. I., Garrec, J. P., & Denden, M. (2010). Differential effects of salt stress on osmotic
adjustment and solutes allocation on the basis of root and leaf tissue senescence of two silage maize (Zea mays L.)
varieties. Industrial Crops and Products, 31, 122-130. . https://doi:10.1016/j.indcrop.2009.09.007

Hassanvanda, H., Rezaei Nejada, A., & Fanourakisb, D. (2019). Morphological and physiological components
mediating the silicon-induced enhancement of geranium essential oil yield under saline conditions. Industrial Crops
and Products, 134, 19-25. https://doi: 10.1016/j.indcrop.2019.03.049

Hassan, F. A. S., Mazrou, R., Gaber, A., & Hassan, M. (2020). Moringa extract preserved the vase life of cut roses
through maintaining water relations and enhancing antioxidant machinery. Postharvest Biology and Technology,
164, 111156. https://doi.org/10.1016/j.postharvbio.2020.111156


https://doi.org/10.22059/ijhst.2015.54264
https://doi.org/10.3390/plants11030412?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle
https://doi.org/10.1016/j.scienta.2021.109912
https://doi.org/10.1111/j.1744-7348.2008.00249.x?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle
https://doi.org/10.1007/s11104-014-2131-8?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle
https://doi.org/10.1016/j.scienta.2013.12.032
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://julib.fz-juelich.de/vufind/Record/EZB_53731&ved=2ahUKEwjbh97Zro6HAxVwBNsEHXW0Do8QFnoECCcQAQ&usg=AOvVaw0Jnrhxg7-04Nycb-P1kQRR
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://julib.fz-juelich.de/vufind/Record/EZB_53731&ved=2ahUKEwjbh97Zro6HAxVwBNsEHXW0Do8QFnoECCcQAQ&usg=AOvVaw0Jnrhxg7-04Nycb-P1kQRR
https://doi.org/10.1007/s13562-021-00655-3?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle
https://doi.org/10.3390/plants12122359?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle
https://doi.org/10.21608/eajbsh.2019.44518
https://www.sciencedirect.com/journal/scientia-horticulturae
https://doi.org/10.1016/j.scienta.2018.03.034
https://doi.org/10.1016/j.indcrop.2009.09.007
https://doi.org/10.1016/j.indcrop.2019.03.049
https://doi.org/10.1016/j.postharvbio.2020.111156

fr

e o8y 55 SRS o 9 (Su5elgn udn0d )90 B SR 2 Sy dedoml il ()]0 g suiils

24

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

. Hosseini Farahi, M. B., Kholdebarin, S., Eshghi, B., Jamali, H., & Roosta, R. (2019). Changes in plant growth
substances, contents and flower quality of rose cv.Dolce Vita’in response to nitrogen sources under soilless culture
conditions. Journal of Plant Nutrition, 42(9), 1047-1060. https://doi.org 10.1080/01904167.2019.1578373
Heidari Sharif Abad, H. (2011). Plants and Salinity. Research Institute of Forests and Rangelands Publications,
Tehran, Iran. 199 p. (In Persian).

Jesmin, A, Anh, L. H., Mai, N. P., Khanh, T. D., & Xuan, T. D. (2023). Fulvic acid improves salinity tolerance of
rice seedlings: evidence from phenotypic performance, relevant phenolic acids, and momilactones. Plants, 12(12),
2359. https://doi.org 10.3390/plants12122359

Khaled, H., & Fawy, H. (2011). Effect of different levels of humic acids on the nutrient content, plant growth and
soil properties under conditions of salinity. Soil Water Research, 6, 21-29. https://d0i.10.17221/4/2010-SWR

Li, M., Su, Y., Chen, Y., Wan, R., Zheng, X., & Liu, K. (2016). The effects of fulvic acid on microbial
denitrification: Promotion of NADH generation, electron transfer, and consumption. Applied Microbiology and
Biotechnology, 100, 5607-18. https://doi. 10.1007/s00253-016-7383-1.

Maraei, R., Eliwa, N., & Aly, A. (2019). Use of some biostimulants to improve the growth and chemical constituents
of sweet pepper. Potravinarstvo Slovak Journal of Food Sciences,13, 553-561. https://orcid.org/0000-0003-3295-
8806

Munns, R. (2002). Comparative physiology of salt and water stress. Plant Cell Environment, 25, 239-250.
https://doi.org/10.1046/j.0016-8025.2001.00808.x

Munns, R., Richard, A., James, B., & Andre, L. (2006). Approaches to increasing the salt tolerance of wheat and
other cereals. Journal of Experimental Botany, 57(5), 1025-1043.

Nasir, M., Sattar Khan, A., Basra, S. M. A., & Malik, A. U. (2016). Foliar applications of moringa leaf extract,
potassium and zinc influence yield and fruit quality of ‘Kinnow’ mandarin. Horticultural Science, 210, 227-235 :
https://doi.org/10.1016/j.scienta.2016.07.032

Natesan, R., Kandasamy, S., Thiyageshwari, S., & Boopathy, P. M. (2007). Influence of lignite humic acid on the
micronutrient availability and yield of blackgram in an alfisol. lranian Journal of Science, 7, 1198-1206.
https://doi.org/10.1093/jxb/erj100

Nikbakbakht, A., Kafi, M., Babalar, M., Xia, Y. P., Luo, A., & Etemadi, N. A. (2008). Effect of humic acid on
plantgrowh, nutrient uptake and post havest life of Gerbera. Journal of Plant Nutrition, 31, 2155-2167
https://doi.org/10.1080/01904160802462819

Nikoogoftar-Sedghi, M., Rabiei, V., Razavi, F., Molaei, S., & Khadivi, A. (2024). Fulvic acid foliar application: a
novel approach enhancing antioxidant capacity and nutritional quality of pistachio (Pistacia vera L.). BMC Plant
Biology, 24(1), 241. https://doi.org/10.1186/s12870-024-04974-0

Olaetxea, M., De Hita, D., Garcia, C. A., Fuentes, M., Baigorri, R., Mora, V., Garnica, M., Urrutia, O., Erro, J., &
Zamarrefio, A. M. (2018). Hypothetical framework integrating the main mechanisms involved in the promoting
action of rhizospheric humic substances on plant root- and shoot- growth. Applied Soil Ecology, 123, 521-537.
Parida, A. K., & Das, A. B. (2005). Salt tolerance and salinity effects on plants: A review. Ecotoxicology and
Environmental Safety, 60, 324-349. https://doi.org/10.1016/j.ecoenv.2004.06.01

Qadir, M., Quillérou, E., Nangia, V., Murtaza, G., Singh, M., Thomas, R. J., Drechsel, P., & Noble, A. D. (2014).
Economics of salt-induced land degradation and restoration. In Natural Resources Forum, 4, 282-295.
https://doi.org/10.1111/1477-8947.12054

Roohani, N. S., Nemati, S. H, Moghadam, M., & Ardakanian, V. (2014). The role of humic acid on morphological,
physiological and biochemical characteristics of three varieties of radish (Raphanus sativus L.) under salt stress.
M.Sc. Thesis, Ferdowsi University of Mashhad, Mashhad, Iran.

Sun, J., Qiu, C,, Ding, Y., Wang, Y., Sun, L., Sun, L., Fan, K., Gai, Z., Dong, G., & Wang, J. (2020). Fulvic acid
ameliorates drought stress-induced damage in tea plants by regulating the ascorbate metabolism and flavonoids
biosynthesis. BioMed Central Genom, 21, 1-13. https://doi: 10.1186/512864-020-06815-4.

Sun, H. Y., Yoo, K. S, & Suh, S. G. (2014). Effect of foliar application of fulvic acid on plant growth and fruit
quality of tomato (Lycopersicon esculentum L.). Horticulture, Environment, and Biotechnology, 55, 455-461.
Serrano, R., & Rodriguez-Navarr, A. (2001). lon homeostasis during salt stress in plants. Current Opinion in Cell
Biology, 13, 399-404.

Siddiqi, E. H., Ashraf, M., Hussain, M., & Jamil, A. (2009). Assessment of intercultivar variation for salt tolerance
in safflower (Carthamus tinctorius L.) using gas exchange characteristics as selection criteria. Pakistan Journal of
Botany, 41(5), 2251-2259.

Tavakkoli, E., Fatehi, F., Coventry, S., Rengasamy, P., & McDonald, G. K. (2011). Additive effects of Na* and CI~
ions on barley growth under salinity stress. Journal of Experimental Botany, 62, 2189-2203.

Tabatabaei, S. J. (2006). Effect of salinity and N on the growth photosynthesis and N status of oliv (Olea europaea
L.) trees. Scientia Horticulturae, 108(4), 432-438. https://doi.org/10.1016/j.scienta.2006.02.016


https://doi.org/10.1080/01904167.2019.1578373?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle
https://www.mdpi.com/2223-7747/12/12/2359
https://doi.org/10.17221/4/2010-SWR
https://orcid.org/0000-0003-3295-8806
https://orcid.org/0000-0003-3295-8806
https://doi.org/10.1046/j.0016-8025.2001.00808.x
https://doi.org/10.1016/j.scienta.2016.07.032
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://link.springer.com/journal/40995&ved=2ahUKEwiK7P3r1I-HAxUSzwIHHQAZFPkQFnoECCkQAQ&usg=AOvVaw0fMVCM4bnPRS1VgL11Tw0A
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://link.springer.com/journal/40995&ved=2ahUKEwiK7P3r1I-HAxUSzwIHHQAZFPkQFnoECCkQAQ&usg=AOvVaw0fMVCM4bnPRS1VgL11Tw0A
https://doi.org/10.1093/jxb/erj100
https://doi.org/10.1080/01904160802462819?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle
https://doi.org/10.1186/s12870-024-04974-0?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle
https://doi.org/10.1111/1477-8947.12054?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle
https://doi.org/10.1016/j.scienta.2006.02.016

1940 Hler ) oslod Fe wlr (63,9l @l g pole) (SLebpole i ¥

46.

47.

48.

49.

50.

Sl

Turner, N. C. (1981). Techniues and experimental approaches for measurement of plant water status. International
Journal of Plant-Soil Relationships, 58, 339-366. https://doi.org/ 10.1007/BF02180062

Yu, Y., Xu, T., Li, X,, Tang, J., Ma, D., Li, Z., & Sun, J. (2016). NaCl-induced changes of ion homeostasis and
nitrogen metabolism in two sweet potato (Ipomoea batatas L.) cultivars exhibit different salt tolerance at
adventitious root stage. Environmental and Experimental Botany, 129, 23-36. https://doi.org/
10.1016/j.envexpbot.2015.12.006

Yazdani, B. (2010). Effect of different concentrations of humic acid and fulvic acid on the qualitative and
quantitative characteristics of Gerbera jamesonii. M.Sc. Thesis, Isfahan University of Agricultural Sciences,
Isfahan, Iran. (In Persian)

Veatch-blohm, M. E., Malinowski, M., & Keefer, D. (2012). Leaf water status, osmotic adjustment and carbon
assimilation in colored calla lilies in response to saline irrigation. Scientia Horticulturae, 144, 65-73.
https://doi.org/1016/j.scienta.2012.06.036

Varanini, Z., & Pinton, R. (2000). Direct versus indirect effects of soil humic substances on plant growth and
nutrition. In The Rhizosphere, 1st Ed.. Willig, S., Varanini, Z., Nannipieri, P., (Eds.). CRC Press: Boca Raton, FL,
USA, pp. 157-174.

Zlesak, D. C. (2007). Rose: Rosa x hybrida. In Flower Breeding and Genetics: Issues, Challenges and Opportunities
for the 21st Century: 695-740: Springer. Number of 695-740 pp.


https://doi.org/10.1007/BF02180062?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle
https://doi.org/10.1016/j.envexpbot.2015.12.006
https://doi.org/10.1016/j.scienta.2012.06.036

Journal of Horticultural Science

https://jhs.um.ac.ir i

Research Article
Vol. 40, No. 1, Spring 2026, p. 45-60

Effect of Putrescine Foliar Application on Growth and Physiological
Characteristics of Echium amoenum Seedlings Under Salinity Conditions

B. Rahimkhani!, M. Naseri“*'**, A, Ahmadian', M. Alipanah"*'!

1- Department of Plant Production, Faculty of Agriculture, University of Torbat Heydarieh, Torbat Heydarieh, Iran
(*- Corresponding author's Email: m.naseri@torbath.ac.ir)

How to cite this article:

Received: 09 February 2025 Rahimkhani, B., Naseri, M., Ahmadian, A., & Alipanah, M. (2026). Effect of
Revised: 10 June 2025 putrescine foliar application on growth and physiological characteristics of
Accepted: 11 June 2025 Echium amoenum seedlings under salinity conditions. Journal of
Available Online: 17 June 2025 Horticultural Science, 40(1), 45-60. (In Persian with English abstract).

https://doi.org/10.22067/jhs.2025.91889.1413

Introduction

Polyamines are a group of low molecular weight organic compounds with two or more amine
groups that are present in almost all living organisms. Polyamines are organic compounds that play a
crucial role in various physiological processes in plants, particularly in response to stress. Research has
demonstrated that these compounds-primarily putrescine, spermidine, and spermine-are involved in cellular
functions such as growth regulation, cell division, and differentiation. Their role in stress responses is complex
and varies significantly depending on the plant species and the specific type of stress encountered. The level of
polyamines in plants increases under stress conditions, and this increase of polyamines from the plant against
salinity by removing free radicals, stabilizing membrane and cell structure, creating cation and anion balance,
regulating it protects ion channels. The foliar application of putrescine can significantly improve various
physiological traits in plants subjected to salinity stress. By enhancing growth, photosynthetic efficiency,
osmotic adjustment and oxidative stress tolerance, putrescine acts as a valuable tool for improving plant
resilience under challenging environmental conditions. Echium amoenum is an annual plant of Boraginaceae
family and is considered as one of the important medicinal plants in traditional medicine. Blue-violet petals of E.
amoenum are used in Iranian traditional medicine as a painkiller, relaxant, invigorator, anti-inflammatory and
pain reliever. To investigate the impact of putrescine on the morpho-physiological characteristics of Echium

amoenum seedlings under salinity stress, a greenhouse experiment was conducted.

Materials and Methods

The experimental design was factorial, incorporating two factors: the application of putrescine and salinity
stress induced by sodium chloride. This was organized as a completely randomized design. The first factor
involved two levels of putrescine (0 and 1.5 mM), while the second factor included three levels of salinity stress
(1600, 4000, and 8000 dS.m™). Seeds were purchased from Pakaan Seed Company in Isfahan. Selecting high-
quality seeds suitable for the growing conditions is crucial for successful plant growth. After soaking, the seeds
were transferred to small pots containing a mixture of three parts peat moss and one part perlite. This mixture
enhances aeration and moisture retention in the soil, creating an optimal environment for root development. One
week after transplanting the seedlings to the main pots, a foliar application of putrescine was performed.
Putrescine is a polyamine compound that can enhance plant growth and resilience against stress. This application
was repeated every two weeks. One week after the first application of putrescine, salinity stress was introduced.
To prevent shock to the plants, the salinity treatment was gradually applied in three stages. This gradual
approach helps the plants acclimate to the new conditions. To prevent salt buildup in the soil, leaching with

regular water was conducted every two weeks.
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Results and Discussion

The results indicated that both the individual effects of salinity and putrescine, as well as their interaction,
significantly influenced shoot fresh weight, root fresh weight, root length, and the overall dry weight of the
Iranian borage plants. The application of putrescine enhanced the levels of proline and potassium in the leaves,
which mitigated the detrimental effects of salinity stress on the Iranian borage plants. Furthermore, foliar
spraying of putrescine increased chlorophyll content, thereby promoting photosynthesis and improving plant
growth under saline conditions. Comparative analysis of the average data revealed that the highest dry weight of
Iranian borage seedlings (0.6 g), relative leaf water content (85%), chlorophyll a (4 mg.g™), and chlorophyll b
(1.2 mg.gt) were achieved with the combination of putrescine and salinity at 1.6 mm.m-. The results underscore
the potential of putrescine as a practical strategy for enhancing the growth and resilience of Iranian borage plants
under salinity stress. By improving growth parameters such as shoot and root weights, root length, and overall
dry weight, as well as enhancing physiological traits like proline and potassium levels, putrescine plays a crucial
role in mitigating the adverse effects of salinity.

Conclusion
The foliar application of putrescine at 1.5 mM presents a valuable and practical strategy for managing
salinity stress in Iranian borage seedling production. By enhancing photosynthetic pigments and antioxidant
properties, putrescine helps the plant maintain its physiological functions and resilience under stress. This
approach not only supports the growth and health of Iranian borage but also has implications for improving the
quality and yield of its medicinal properties.

Keywords: Chlorophyll, Polyamine, Proline, Stress
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Table 1- Analysis of variance (mean of squares) for the effects of salinity stress and putricine on the wet and dry
weight of shoot and root of E. amoenum seedlings
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S.0V df Shoot fresh weight Shoot dry weight Root dry weight Root length
‘5)’“’ 2 16.74* 0.72** 0.81** 125.74*
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Oty 1 1.99° 0.06" 0.083** 25.72%
Putricin
Oty 5295 2 0.082° 06° 0.004° 4.05°
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*,** and ns denote, significance at the 5% and 1% levels, and not significant, respectively.



VFed 5l o) ojlosds Fr il (55,0l @abuo g pole) (SLtl pole 4 205 O

2 olS Cuglie [isli8l 4 Wlg o 0lS by ediS plal (S
Josliial S SeS (98 dler Gl e la i gl
Sy daw Gl 4 e Ygane )b kil ) s
Gl gt lacdld g Jdsa Il ol 9 e
ol Cladss ) Cal olS eges Ad) daus 9 (Jolo
398 S o3l g dlaw )38l el Wilgh oy gy 45 Lloal
Farsari, et a3 o ]38y olS (IS Sy o i b cpl 4 g

[(al., 2020)

S ol o (51930 g1 et Yign 9 S 94
O e g (5o oS Db s Wodly Luilyly o0 il ol zols
) 2 foisine oy Sy Jloin s )3 S pp O (oomd (Slsie
Coglie 5 ol Lk 5 olS Ulg5 onim oLt Gasls cul (Y oo
M Gl (1 Sle dulie gl ol ()98 5 (o ot plp
P Sy o Cugby e i Yoo e VO Hlas b oS
Sligios gl (D ¥ JS3) cdl Gl )98 slockle plos
Ocimum basilicum ) o, 4blS ;5 (gyed (i 45 ol las
L opiugl (Pelargonium graveolens) ylase  Jlases L
(Satureja hortensis L) 4wl 5,0 4 (Thymus vulgaris L.)
Gos ol @l b oS ad Sy o s s (el cage
Sy bwy o Gls (g)gh paw il b calke
o Sy ol lgme Wl e olS a5 g Wb alS
oilS 5y T s (slsime clo IS b gyoplyl g A8 Lais
Ol s Glgime ialS uiomen (MUnNNs et al., 2006) b, o
Jolos cnl & 23l S g e sl e Cleay Mg 0 S
Jds sl saass cpl o Ljs8JS RWC Lials s wilgs 0
3350 OL3gBUS Cimem 5 olS nl )3 O s (slgime 1331
S b cde ol 4 Alge g bwg Gu0 () adllae
O Ol3me g 0 ol 40 2Lt (633685 Sl Al o nopsel
025 Jld s ol mudS I8l ol g aimd oo Sal33l 0lS 5,
OM Ay SOPS gl (e g 0ld sLid I manly 395
lgme g 393 olS Ol 18y s I ptals o g 5 g ey,

.(Rubinowska et al., 2012) b i3l Sy O s

S 5 &S () Jgiz) b ol lapSSle awglie gl
Sl aS by 8 sald 4 cund Olas (ol Lhals el
9 aduy 5 Ojg 9 lom el SUS iy R el Sy,
b ool slog 53 2lsm plul S5 (55 oy 5 ay) Jsbo
ol Mae (2yaS 5 (25 IP0) ey ) 5 Jyere o
O g Bpae pie g jlo p uderjiewd b (550 50 Olio
Sl ol B g3 e ol (69 () JS3) 43 osnlie (5 /YY)
aS 0945 sdgewdly a0 g dady cuwd Iy 095 slacdl 40 > g0
Farsari, ) us sales olea plail g5iy5 (il caw Jole oyl
o G5 o8 el 3,18 L ol a5, (aul3dl ede (2020
23 gl s iz e g 3,8 b &S L3l ol 31 (26 Wl e
4 Cond |y 0lS Ay a3 9 Wb oo I8 LS lol (oiuns o
Lol crzmon w3 GBI Gy b ondijles olS
Chlud g 03 oy jl1y ol )3 eddadg (5enST b slaaiss
»ooMs (Mahros et al., 2011) xad o Lials |y i 5l sl
03,5 Joo Ojors @t S glyed Mg Gy ol
Ot g (Conl (3958 30 VIVE (ol 395 Jlis L )3 (o i)
S g F Ojg Il g e QI el g Aby (Bsb
Mahros et ) sl cle cpl 4 Wlg o Guios cpl > olsn plul
[(al., 2011
Go9d s yl oamd s adllas oyl ) selussy gl
(0D J53) cal o) pligS IS A5 S o 1 (5l
Tyogh sio g prderjewd Cudn chle > Sy e S
L ] 53 sl LS (] A3,y 6y pae Sl ool
S ol odalie (gpepioiile MYA) Sy gdaw (lise o oS
Uy GBS g 6)98 I (8L S5 b Slg5 oo uiune j5boas
ool el (6y98 il badye (cdie dlge g ol Lls > olS
Rl 4 e Mg oS d9do LS 3 (el o
OB i )3 g (ol polie JUimly Cla > ST g
(Sygh o y uierjgd MF e )3 05h Sy paw g Ay
ol &5 iy (el VoIA) i Spogaw olS
ol byl pd cpl 33 ol dawss 9 Ay (gl (oo bulyd (sliroay
g (g JB jsba me g & 0l LS S (503 (sgw
So Oyt o (@ ie Bl AFY) b (a3l olS S



OV Slpl b3S cLas (S 5ale 3ud SS9 9 0y 3 Crumm gy (b glmo STyl yl800 g S pu>

O g2 S pas ps Omm gy b pan A
No putrescine Putrescine-treated

0/70 a
0/60
0/50
0/40

0/30

e plal SUis 59

Shoot dry weight (g)

0/20

0/10

0/00
1/6 4 8

Sy Tobws

O i gy By pas O gy B o
No putrescine Putrescine-treated

0/80
0/70
0/60
0/50

2 039
Root fresh weight (g)

0/40
0/30

:.“

0/20
0/10

0/00

1/6 4 8

S99 T
Salinity levels (dS.m™)



Vo g o oot Fe alor (53,908 qalivs 3 poe) Ul pole 43 5

oy

SB Jrs31)
Root fresh weight (g)

:’n

Al Job

Root | enght (cm)

Oyt 3 91 B oo @IS . (et 91 B gucn

No putrescine Putrescine-treated

0/80
0/70
0/60
0/50
0/40
0/30
0/20
0/10
0/00

O P g1 B e 038

1/6 4 8

S99 T
Salinity levels (dS.m1)

o 3391 B gucr

No putrescine Putrescine-treated

16/00
14/00
12/00
10/00
8/00
6/00
4/00
2/00
0/00

1/6 4 8

Sy T

Salinity levels (dS.m™)



OF o Sl g S slid (S 5edgs b SS9 9wy » crm y g1 (b skxe STy S0 9 (S pum

D Ot gy B o pS . O Y2 B e B
No putrescine Putrescine-treated
0/90
0/80 a
b
S 0/70
£ 0/60 c
I 2
2 o 0/50 d
g, > f e
~ 5 0/40
= 0/30
08: 0/20
0/10
0/00
1/6 ._‘4 8
S99 b
Salinity levels (dS.m1)
I:‘ng’j#dﬂa& O A gy i pan D
No putrescine Putrescine-treated
12/00
a a
b
10/00 ¢
e d
NE 8/00
L
[<5]
% E 6/00
RN =
v 3
s«  4/00
[<5]
-
2/00
0/00
1/6 4 8

S99 T
Salinity levels (dS.m1)

0L WS Sy s g duly ) Job g el SWS (359 9 @I SS9 35 (359 2 O T2 (S50 JiliRe 1Y UKW
Figure 1- The interaction effects of salinity xputricine on the fresh and dry weight of shoots and root dry weight,
root length, and leaf area of E. amoenum seedlings (DMRT, p<0.05)
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Table 2- ANOVA (mean of squares) for the effects of salinity stress and putricine on some physiological traits of
E. amoenum seedlings
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Figure 2— The interaction effects of salinity Xputrescine on the proline content, soluble sugar and electrolyte
leakage percentage of E. amoenum seedling leaves (DMRT, p<0.05)
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Table 3- ANOVA (mean of squares) for the effects of salinity stress and putrescine on leaf chlorophyll and
carotenoids content of E. amoenum
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Figure 3- The interaction effect of salinity xputreicine on the amount of photosynthetic pigments of E. amoenum
seedlings (DMRT, p<0.05)
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Introduction

Artemisia herba-alba is a silvery perennial shrub whose essential oil contains 1, 8-cineole, chrysanthenone,
chrysanthenol, thujone, and camphor. The therapeutic properties of the plant include antioxidant, antibacterial,
antispasmodic, treatment of respiratory and digestive disorders, diabetes, disinfectant, vasodilator, insecticidal,
anthelmintic, and nematicide. Nowadays, the wild population of this species has been severely reduced, and it is
now considered as a rare and endangered plant. The cultivation or domestication of this medicinal species could
be a promising alternative for its conservation and sustainable use. Physiological studies have proven that the
seeds of A. herba-alba contain phytotoxic chemicals that prevent germination under adverse conditions.

Materials and Methods

To investigate the elimination of seed dormancy and enhance the germination of A. herba-alba seeds,
different concentrations of potassium nitrate and gibberellic acid for two periods of time were studied. Moreover,
the superior treatment was combined with light treatment at four levels. The first experiment was implemented
as a factorial based on a completely randomized design with three replications in the laboratory of the
Horticulture Department, Faculty of Agriculture, Shahid Chamran University, Ahvaz. The first factor included
the gibberellic acid at three concentrations (250, 500, and 1000 mg.L™?) and potassium nitrate at three
concentrations (50, 100, and 200 mM) which were applied separately. The second factor included the duration of
priming at two periods (12 and 24 hours). Based on the results of the first experiment, the second experiment
was conducted with the superior treatment in the first experiment (500 ppm gibberellic acid for 12 hours) along
with dry and wet chilling treatments as the first factor in combination with light treatment at four levels (0, 8, 16,
and 24 h) as the second factor. At the end of the experiments, the length of the root, shoot, seedling height, fresh
and dry weight, seed longitudinal and weight vigor index, germination percentage and rate, and alpha-amylase
enzyme activity were measured. Statistical analysis of the measured traits was performed using SAS version 9.4
statistical software (SAS Institute Inc., Cary, NC, USA). The LSD test (P=0.05) was used to compare the means.
Also, principal component analysis (PCA) and heat map correlation (HMC) were performed to identify the
relationships between traits and the dispersion of treatments using the R studio v1.3.959 package.

Authors retain the copyright. This is an open access article distributed under Creative Commons
EY Attribution 4.0 International License (CC BY 4.0).
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Results and Discussion

The results showed that the gibberellic acid and potassium nitrate treatments had a significant effect on the
studied traits at all levels, while the impact of priming duration treatment was not significant. Based on the
findings of the first experiment, the highest shoot length (13 mm), root length (12 mm), seedling length (25 mm),
fresh weight (0.0110 g), seedling dry weight (0.0022 g), longitudinal vigor index (1806.3), weight vigor index
(0.1604), germination percentage (71 %), germination rate (8.1 seed.day!), and alpha-amylase enzyme activity
(0.0676 mg.g* FW.mint) were recorded in the 500 mg/L gibberellic acid treatment. The results of the second
experiment showed that the combined treatment of 16 hours of light with the gibberellic acid was able to
increase the longitudinal and weight vigor index of the seedling, percentage, speed, and activity of the alpha-
amylase enzyme by 240.13 %, 221.2 %, 358.82 %, 356.8 %, and 60.78 % compared to the control, respectively.
The combined treatment of 16 hours of light with the gibberellic acid had the greatest effect on the dormancy
breaking of A. herba-alba seeds (78 % germination). The results of the heat map correlation (HMC) showed that
there was a positive correlation between the traits of seedling height, root and shoot length, seedling fresh and
dry weight, longitudinal and weight vigor index, speed, and percentage germination. Also, the alpha-amylase
enzyme was positively correlated with the longitudinal and weight vigor index, speed, and germination
percentage and negatively correlated with seedling height, root and shoot length, and seedling fresh and dry
weight. In the first experiment, principal component analysis showed that the combination of the first two
components explained 86.35 % of the variations, which accordingly included 78.53 % of the first component and
7.82 % of the second component. Based on this analysis, seedling height, root, and shoot length, longitudinal and
weight vigor index, speed, germination percentage, and alpha-amylase enzyme, which were the highest of these
traits recorded in the treatments of gibberellic acid hormone and potassium nitrate, played a role in the loading of
the first component. Also, in the second experiment, it was determined that the combination of the first three
components explained 92.73 % of the variations, which included 56.17 % of the first component, 28.85 % of the
second component, and 7.71 % of the third component. Based on this analysis, seedling height, root and shoot
length, longitudinal and weight vigor index, and germination rate, which were the highest in the light treatment,
played a role in the loading of the first component. Germination percentage and alpha-amylase enzyme, which
were the highest in the combined light treatment with gibberellic acid, played a crucial role in the loading of the
second component.

Conclusion

In this study, the results showed that A. herba-alba seeds are photoblastic positive, and since gibberellic acid
is generally effective in breaking dormancy caused by metabolic barriers, it can be said that metabolic barriers
mainly cause dormancy in the seeds. Therefore, in the light treatment (16 hours) and combination with
gibberellic acid (500 mg.L1), the highest values of the longitudinal and weight vigor index traits of the seedling,
the percentage and speed of germination, and the activity of the alpha-amylase enzyme were recorded. In the
same treatment, germination increased nine days after the treatment, and the germination percentage increased
from 20 % in untreated seeds to 78 % in primed seeds. Also, in the treatment of the gibberellic acid (500 mg.L?)
alone, the highest shoot length, root length, seedling height, and fresh and dry weight were recorded. Therefore,
light treatment (16 hours) combined with gibberellic acid (500 mg.L™) was introduced as the most effective
strategy to increase seed germination of A. herba-alba and thus help save this species from extinction. The
present study showed that the use of combined light treatment with gibberellic acid is a very effective and low-
cost strategy to break seed dormancy and germinate A. herba-alba medicinal plant.

Keywords: Alpha-amylase, Chilling, Gibberellic acid, Light, Potassium nitrate
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Table 1- The effect of the gibberellic acid and potassium nitrate application on the germination traits of the medicinal plant
A. herba-alba
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aald 8 7 15 0.0017 0.0004 2945 0.0068
Control
Nyehes 0 Sl ol 9 8 17 0.0051 0.0010 1011.3 0.0609
KNOs (50 mM)
Ny Voo Sl ey 10 10 20 0.0066 0.0013 1271b 0.0840
KNOs (100 mM)
Nyeke 107 Sl ey 10 9 19 0.0060 0.0012 1013.3 0.06272
KNOs (150 mM)
P p ke VO S 11 10 21 0.0078 0.0016 1351.7 0.0985
GA (250 mg.LY)
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Figure 1- The effect of gibberellic acid and potassium nitrate on the germination percentage (A), germination rate (B), and
alpha-amylase enzyme activity (C) of the medicinal plant A. herba-alba
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In this figure, C: control, K1: 50 mM potassium nitrate, K2: 100 mM potassium nitrate, K3: 150 mM potassium nitrate, G1: 250
mg.L gibberellic acid, G2: 500 mg.L™ gibberellic acid and G3: 1000 mg.L"* gibberellic acid
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Table 2- The effect of light in combination with using gibberellic acid, dry and wet chilling on the germination traits of the
medicinal plant A. herba-alba
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) Light Root length Seedling i i b 3
Treatment (hrs) Stem (mm) height Seedling  Seedling Longitudinal '3
: length (mm) fresh dry vigor Weight
(mm) weight ()  weight (g) vigor
el 0 14d 13 27 0.0098 0.0020 464.33 0.033
Control
8 12 12 24 0.0090 0.0018 512.00 0.039
12 11 10 21 0.0072 0.0014 490.00 0.033
16 10 9 19 0.0055 0.0011 532.00 0.022
24 8 7 15 0.0012 0.0002 291.67 0.007
Cold -(dry 0 15 14 29 0.0102 0.0020 589.67 0.041
treatment)
8 14 12 26 0.0094 0.0019 641.33 0.048
12 11 11 22 0.0077 0.0015 682.00 0.048
16 10 9 19 0.0061 0.0012 538.33 0.028
24 8 8 16 0.0016 0.0003 368.33 0.009
by (pilopw
Moist-cold 0 16 15 31 0.0110 0.0022 744.00 0.053
treatment
8 14 13 27 0.0096 0.0019 746.33 0.053
12 11 11 22 0.0082 0.0016 777.33 0.058
16 10 10 20 0.0064 0.0013 713.33 0.041
24 9 8 171 0.0028 0.0006 538.33 0.020
Gibberellic 0 21 17 38 0.0151 0.0030 2495.67 0.197
acids
8 19 16 35 0.0121 0.0024 2427.00 0.169
12 11 11 22 0.0085 0.0017 1652.33 0.126
16 10 10 20 0.0068 0.0010 1579.33 0.106
24 9 8 17 0.0050 0.0014 1173.00 0.068
LSD (0.05) - 0.18 0.10 0.41 0.0002 0.00001 6572.42 0.0036
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Figure 2- The effect of light in combination with using gibberellic acid, dry and wet chilling on germination percentage (A),
germination rate (B), and alpha-amylase enzyme activity (C) of the medicinal plant A. herba-alba
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In this figure, CO: control + zero hours of light, C8: control + 8 hours of light, C16: control + 16 hours of light, C24: control + 24

hours of light, CDO: dry chilling + zero hours of light, CD8: dry chilling + 8 hours of light, CD16: dry chilling + 16 hours of light,

CD24: dry chilling + 24 hours of light, CWO: wet chilling + zero hours of light, CW8: wet chilling + 8 hours of light, CW16: wet

chilling + 16 hours of light, CW24: wet chilling + 24 hours of light, GAO: gibberellic acid + zero hours of light, GA8: gibberellic
acid + 8 hours of light, GA16: gibberellic acid + 16 hours of light and GA24: gibberellic acid + 24 hours of light
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Introduction

Basil (Ocimum basilicum L.) is an annual plant from the mint family that grows in tropical and subtropical
regions. Due to its distinctive aroma and flavor, it is used both fresh and as a spice and medicinal herb. Basil
contains essential oils with antifungal, antibacterial, and insect-repellent properties, which are utilized in the
food, cosmetic, and pharmaceutical industries. Phenylpropanoids are among the main compounds in its essential
oil. Seaweeds have emerged as a novel source for producing organic fertilizers. These aquatic organisms contain
valuable compounds such as plant hormones, trace elements, vitamins, and amino acids, which are beneficial for
plant growth. Carbohydrates play a vital role in plant physiology. Sucrose, the primary form of carbohydrates
produced during photosynthesis, is crucial for energy transport and regulating plant growth. At high
concentrations, these compounds act as protective agents, while at lower concentrations, they serve as signaling
molecules in response to environmental stresses. Sucrose plays a regulatory role in various stages of plant
growth, from germination to senescence. Therefore, this research aimed to investigate the effects of different
levels of seaweed and sucrose on the morphophysiological and phytochemical characteristics of basil.

Materials and Methods

This study aimed to investigate the effects of seaweed extract fertilizer and sucrose on the
morphophysiological and phytochemical characteristics of basil. The experiment was conducted as a factorial
arrangement in a randomized complete block design with three replications in a greenhouse in Neyshabur during
the 2022 growing season. The first factor included different levels of seaweed fertilizer (0, 1, 2, and 3 MI.L"1(A,,
A1, A; & A3)), and the second factor consisted of sucrose levels (0, 2.5, 5, and 7.5 g.L™(So, Sz25, Ss & S75)),
applied as foliar sprays every 10 days. Plant moisture was maintained through drip irrigation. At the end of the
vegetative growth stage, morphophysiological traits (plant height, stem diameter, fresh and dry weight, leaf area)
and phytochemical properties (photosynthetic pigments, anthocyanin, antioxidant activity, total phenols, and
flavonoids) were measured. Data were analyzed using SAS version 9, and means were compared using Duncan's
test.

Authors retain the copyright. This is an open access article distributed under Creative Commons
B Attribution 4.0 International License (CC BY 4.0).
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Results and Discussion

The interaction effect of seaweed and sucrose foliar application on plant height, fresh and dry leaf weight,
fresh stem weight, leaf area, chlorophyll a, b, and total, carotenoid, anthocyanin, antioxidant activity percentage,
total phenol, and flavonoids was significant at the 1% probability level. The application of A:S7sas a foliar spray
on the medicinal plant basil resulted in the highest plant height (43.83 cm), fresh weight (5.34 g), dry weight of
aerial parts (0.65 g), and antioxidant activity percentage (64.46%). Using A2Sz s, the highest levels of chlorophyll
a (0.865 mg.g* fresh weight), chlorophyll b (0.636 mg.g™ fresh weight), and total chlorophyll (1.052 mg.g*
fresh weight) were obtained. Additionally, the highest leaf area (9.65 cm?2) was observed with the A2S;s
treatment, carotenoid (0.636 mg.g™ fresh weight) with AsS,, anthocyanin (10.28 mg.g* dry weight) with A3S;s,
and total phenol (1.60 mg gallic acid.g™ dry weight) and flavonoids (1.32 mg quercetin.g™ dry weight) were
achieved with the A,S;s treatment. These findings demonstrate that seaweed-sucrose foliar sprays can
effectively enhance basil's agronomic and phytochemical traits, offering a sustainable alternative to synthetic
fertilizers in medicinal plant production. The significant improvement in both yield and bioactive compounds
underscores the dual benefit of this approach for commercial cultivation. Furthermore, this eco-friendly
technique could be particularly valuable for organic farming systems and in regions where synthetic fertilizers
are either expensive or environmentally restricted. The optimized treatments provide actionable insights for
farmers and researchers aiming to improve both yield and bioactive compound quality in basil cultivation.

Conclusion

Overall, the combined treatments A:S7s and A2S; s had the most significant impact on morphophysiological
traits. Photosynthetic pigments were influenced by the combinations A.Szs and AsSo. Additionally, the
phytochemical characteristics of basil were affected by the treatments A1S7s, AzS7s, and AsSzs. This study
demonstrates that seaweed-sucrose combinations can simultaneously enhance plant growth (by improving
morphophysiological traits) and medicinal quality of basil (by boosting phytochemical content). This sustainable
agriculture approach serves as an effective alternative to chemical fertilizers, improving both crop yield and
bioactive compound content.

Keywords: Anthocyanin, Antioxidant activity, Chlorophyll, Flavonoid
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Table 1- Analysis of variance for the effect of seaweed and sucrose foliar spraying on some morphophysiological
characteristics of basil

a0 Ol po (ule
G poves I 310 ' " i Mean of squares
S P - " o 4 et . -
SOV t5d b Wy glis ) FERE Slod ol 5 o5 led Pl SWs o9 Sy b
' Plant height Stem diameter Fresh weight Dry weight Leaf area
<
o 2 0.674" 0.009 0.541ns 0.003ns 1.49ns
Block
Ly s
i o 3 19.986" 0.031ns 0.375m 0.004ns 14.99™
Seaweed (A)
L 3 26.142™ 0.039 0.433n 0.002ns 6.26™
Sucrose (S)
L ol Sl 9 61.312" 0.127 1555" 0.022" 8.03"
A xS
oieleil b 30 5.29 0.112 0.450 0.004 116
Error
aecahacet - 126 11.68 22.4 181 17.38
C.V (%)
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‘
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ns **and *: non-significant, significant at p<0.01 and p<0.05; respectively
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Table 2- CThe interaction effect of seaweed xsucrose foliar spraying on some morphophysiological characteristics of basil

tleyd Sl 38 Gy gl wlop @Il 5 (59 lop Pl SWs (59 S
Seav:/e“ed (nﬂ;l i'l) sucrose Plant height Fresh weight Dry weight Leaf area
' (9. (cm) (g.plant™) (g.plant™) (cm?)

0 34.037¢" +1.47 2.899+0.32 0.40¢+0.02 3.259+0.85

0 25 35.26% +0.63 4.437c£0.13 0.63% +0.02 6.187°+0.56

5 33.96°¢+1.89 3.850920.16 0.5309+0.01 5.31977+0.27

75 33.26°7+0.63 3.850¢ £0.20 0544 +0.01 5.2877+0.44

0 33.2¢1+0.87 4.302°+0.23 0.602¢+0.03 5.39%+1.21

1 25 27.5940.51 2.959:+0.004 0.40¢+0.02 4.59°°9+1.46

5 30.16¢9+1.51 3.21¢0 0,02 0.47% +0.02 6.951+0.89

75 43.832+0.86 5.342+1.36 0.652+0.07 7.17"0.85

0 31.209+0.75 3.684+0.03 0.56%4+0.02 6.67"920.80

) 25 31.83°1+1.61 4,029 +0.10 0.59%¢ +0.05 9.652+1.37

5 36.23+0.43 4.85%+0.03 0.652+0.004 8.16®+1.41

75 293141 21 1.810¢+0.22 0.45%+0 01 6.295¢ +0.88

0 39.73"+0.69 4.73% +0.49 0.652+0.01 581412

; 25 32,751 +1.07 3.26% 0,05 0.51¢¢+0.04 3.95640.20

5 34.137¢+0.53 3.6604+0.18 0.51¢+0.04 8.23% +0.42

75 34.437¢£0.49 3.8504+0.19 0.47%+0.008 5.66°+0.25
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* In each column, numbers with the same letter or similar letters are not significantly different from each other at the 5% of
probability level of Duncan's multiple range test.
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Table 3- Analysis of variance for the effect of seaweed and sucrose foliar spraying on some photosynthesis pigments of basil

©lasyo (Sl
Mean of squares
Oyt @il @3l aa a Jidg 5 b Judg 5 JS Jido s Mgy,
S.0Vv d.f Chlorophyll a Chlorophyll b Chlorophyll total Carotenoids
@l S 3 0.106™ 0.066™ 0.093™ 0.015™
Seaweed (A)
™ - - o -
3 0.038 0.049 0.054 0.015
Sucrose (S)
e 9 0.018™ 0.027™ 0.016™ 0.006™
A xS
bl ks 30 0.000 0.002 0.003 0.001
Error
e e - 178 255 138 117
C.V (%)
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ns **and *: non-significant, significant at p<0.01 and p<0.05, respectively.
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Figure 1- The interaction effect of seaweed Xsucrose on basil chlorophyll content (DMRT, p<0.05)
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Figure 2- The interaction effect of seaweed xsucrose on basil chlorophyll b content (DMRT, p<0.05)

ESO mS25 mS5 mMS7.5

172

2 b ab ab a

de &

[y

0/8
0/6
0/4

072

b Judg s
Chlorophyll b (mg.g* FW)

A0 Al A2 A3
b Syl
Seaweed (ml.g?1)

Obey IS Jdg IS 2 5,80 X (2l 5 Sl Jaliie 51 -Y S
Figure 3- The interaction effect of seaweed xsucrose on total chlorophyll of basil (DMRT, p<0.05)
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Figure 4- The interaction effect of seaweed xsucrose on carotenoid of basil (DMRT, p<0.05)
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Table 4- Analysis of variance for the effect of seaweed and sucrose foliar spraying on some Phytochemical characteristics

of basil
©laryo (Sl
Ol s 2ilio &Ml an Mean of squares
S0V d.f Ol ] ST il Cullad b Swigighd
Anthocyanin Antioxidant activity Phenol Flavonoid
ok 2 0.151n 0.582ns 0.008 0.002ns
Block
b S 3 25.108™ 389.525™ 0.433™ 0.501™
Seaweed (A)
L 3 1.343m 365.596™ 0.101™ 0.113™"
Sucrose (S)
58l Ly s
B @ e 9 3.381" 338.754"™ 0.061" 0.042"
AXS
bl b 30 0.577 3.769 0.007 0.001
Error
Syl gy
SN - 23.8 29.4 29.4 20.6
C.V (%)
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ns **

and *: non-significant, significant at p<0.01 and p<0.05, respectively.
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Table 5- The interaction effect of seaweed xsucrose foliar spraying on some phytochemical characteristics of basil

) : ] o L S NCREYE
by Sids 5,5k Ol izl Sl Sl Phenol Fle;vsc;:]oid
Seaweed (ml.I) Sucrose Anthocyanin Antioxidant activity (mg gallic (mg quercetin.dry
: (9.1 (mg.g? dry weight) (%) acid.dry weight) :
weight?) g
0 4.69™ +0.49 17.6%+0.49 0.963" +0.02 0.641"+0.007
0 2.5 5.669_'i +0.35 37.9de_ +0.52 0.908'+0.03 0.7049+0.01
5 4.81'+0.56 20.3'+1.1 1.09"+0.10 0.7817+0.006
7.5 6.8599+0.16 31.3"+0.35 1.28%+0.08 0.947¢+0.03
0 7.15¢+0.13 52.06°+1.0 1.2497+0.01 1.05¢+0.01
1 2.5 5.6197+0.55 25.79+1.5 1.18%9+0.10 1.07¢+0.004
5 6.30M+0.23 30.03" +1.4 1.0697+0.01 1.26%+0.01
7.5 5.24M +0.37 62.4°+£1.4 1.1999+0.008 1.312+0.01
0 6.58¢1+0.21 29.41+0.42 1.03¢%'+0.02 1.049+0.02
2.5 6.46%"+0.59 33.59"+2.02 1.359+0.01 1.18°+0.02
2 5 7.785¢+0.6- 43.39+0.88 1.24%F+0.06 0.8287+0.03
75 8.44%£0.47 38.2°1+0.56 1.608°£0.06 1.32:40.01
0 8.05°9+0.48 41.1% 0,44 1/445°+0,01 1.20°°+0,01
3 25 10.28°+0.52 31.4" 40,66 1/55% +0,01 1.20%+0,01
5 7.86"°+0.24 35.60:+1.3 1/56® +0.04 1.22%°+0,02
75 8.86°+0.23 46.7°+15 1.47+°40.03 1.23%+0.03
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* In each column, numbers with the same letter or similar letters are not significantly different from each other at the 5% of
probability level of Duncan's multiple range test.
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Introduction

Sage (Salvia spp.), which belongs to the mint family (Lamiaceae), is considered one of the largest and most
important genera in terms of aromatic and medicinal properties. This diverse genus includes approximately 900
species, each with unique characteristics, and is mainly native to the northern Mediterranean and North African
regions. It is used as a traditional medicine in the treatment of many diseases and as a seasoning and flavoring in
the food industry. Sage is a remarkable plant that is widely known for its numerous medicinal properties,
including antispasmodic, antiseptic and sedative effects, which makes it very valuable in traditional and modern
medicine. In addition to its therapeutic benefits, this aromatic plant usually reaches a height of 60 cm. The plant
is suitable for cultivation in green spaces and parks due to its ornamental properties and resistance to
environmental stresses. Numerous features, including the diversity of the native Iranian sage genus, aesthetic
aspects, and high adaptability to environmental stresses such as drought, increase the potential of these plants for
use in urban green spaces, and their widespread use can help create sustainable green spaces. Considering the
beauty of the leaves and flowers of these plants, the presence of abundant fragrance during the flowering stage,
the lack of need for special conditions for cultivation, and their resistance to adverse conditions, it seems that
these plants are very suitable for cultivation in green spaces for ornamental purposes. Most previous research on
sage has focused on the medicinal value and the increase in its medicinal compounds and secondary metabolites,
and the ornamental potential of the plant for use in green spaces has not been considered. Considering the
diversity of this genus in Iran and its beauty, its use in urban green spaces as a native plant compatible with the
country's climatic conditions can be investigated. Therefore, the present study aimed to investigate the vegetative
and ornamental traits of different native and imported sage species, as well as the potential of this plant for
ornamental uses in the climatic conditions of Birjand.

Materials and Methods

This study was conducted on 14 genotypes of medicinal sage (Salvia spp.) in the research farm and
greenhouse of the Faculty of Agriculture, University of Birjand during 2022-2024 in a randomized complete
block design with three replications. During the plant growth period, vegetative traits including plant height,
plant width and number of leaves were examined every 15 days. At the full flowering stage, peduncle length,
number of peduncle, number of florets in main and axillary inflorescences, number of axillary inflorescence
peduncles, inflorescence diameter, peduncle diameter, diameter and length of floret, length of main and axillary
inflorescence, interfloral distance of florets, number of days to flowering, and flower durability on the plant were
measured.
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Results and Discussion

The results of variance analysis showed that there was a significant difference between different sage species
for all studied traits at the 1% probability level. The highest plant height (32.93 cm), leaf width (63.80 cm), and
number of leaves (337) were obtained from the species Salvia nemorosa SA036, Salvia sclarea var turkestanica
SA060 and Salvia officinalis, respectively. In addition, the lowest plant height (3.20 cm) was obtained from
Salvia chorassanica, leaf width (6.05 cm) and number of leaves (6) from the species Salvia virgata. In terms of
reproductive traits, the highest peduncle length (49.15 cm), main inflorescence length (34.10 cm) and number of
axillary inflorescence (12) were observed in the Salvia sclarea SA058 species. The lowest flower durability on
the plant (25 days) was observed in the Salvia chorassanica species, and the other species had the highest flower
persistence and no significant difference was observed between them. The highest (23) and lowest (2) number of
peduncle were observed in the Salvia reuterina and Salvia firgida species, respectively. The highest
inflorescence diameter (51.81 mm) and peduncle diameter (4.45 mm) were obtained from Salvia reuterina and
Salvia sclarea var turkestanica SA060, respectively. The results of this study showed that there was high genetic
diversity in terms of morphological traits among different sage species, which have the potential to be used as
ornamental plants in urban green spaces.

Conclusion

The results of this study showed that native and imported sage species have significant diversity in terms of
vegetative and ornamental traits, indicating the high genetic potential of this genus. Some imported sage species,
especially in terms of ornamental characteristics, perform better than native species. These species show
significant potential for cultivation in urban green spaces, making them very valuable for landscaping purposes.
By intelligently selecting and including these species in urban planning, a significant contribution can be made in
increasing and maintaining the aesthetic appeal of urban environments. Given the diversity of sage species in the
country, it is essential to examine this diversity and use it in breeding programs for ornamental purposes and
cultivation in urban green spaces.

Keywords: Green space, Morphological diversity, Ornamental plant, Phenology
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Table 1- Characteristics and collection location of seeds of native sage species (.Salvia spp.) collected from different location in

Iran
s 458 pU S 29le Joxo by g 1 g5, aldlie Job  bdlpia oo e
Code Species name Collection site Altitude Longitude Latitude
1 Salvia chorassanica Sy -89y ool 1720 59°12°01.4"E  36°20°’10.8"N
2 Salvia firgida duog)| 1368 45°4'3"E 37°32' 55"N
3 Salvia nemorosa S — g9y ol 1720 59°12°01.4"E  36°20°10.8"N
4 Salvia sclarea SS= 598y bl > 1770 59°13°37.3"E  36°19’17.1"N
5 Salvia officinalis w938 olKuily ey jompuiio 999 59°32'36"E  36°19'35"N
6 Salvia reuterina Ol 5 wed B sy el 1250 58°11'4"E 34°30' 59" N
7 Salvia virgata Sl g9y ol B 1485 59° 28' 26" E 36° 820" N
8 Salvia nemorosa SA067 . "’ul_ 2962 52° 31" 12"E 13°23'48" N
Jelitto Perennial Seeds
9 Salvia nemorosa SA036 . "’ul_ 2962 52° 31" 12"E 13°23'48" N
Jelitto Perennial Seeds
. LJT
10 Salvia sclarea SA058 . ol . 2962 52° 31" 12"E 13°23'48" N
Jelitto Perennial Seeds
1 Salvia sclarea var turkestanica _ gul_ 2062 52° 31" 12"E 13° 23/ 48" N
SA060 Jelitto Perennial Seeds
12 Salvia officinalis Extract sage . "ul_ 2962 52° 31" 12"E 13°23"48" N
Jelitto Perennial Seeds
13 Salvia officinalis common sage . "ul_ 2962 52°31"12"E  13°23'48"N
Jelitto Perennial Seeds
14 Salvia pratensis SA046 . "ul_ 2962 52°31' 12"E 13°23"48" N
Jelitto Perennial Seeds
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Figure 1- Pictures of different sage species and genotypes (Sa/via spp.)
A: Salvia chorassanica; B: Salvia officinalis Extract sage; C: Salvia firgida; D: Salvia sclarea SA058; E: Salvia pratensis SA046; F:
Salvia officinalis common sage; G: Salvia officinalis; H: Salvia sclarea var. turkestanica SA060; |; Salvia reuterina J: Salvia
nemorosa SA067; K: Salvia virgata; L: Salvia nemorosa; M: Salvia sclarea; N: Salvia nemorosa SA036
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Table 2- ANOVA of vegetative and reproductive traits of different sage species (Salvia spp.)

Olasyo (ke
Mean of squares

HKeY
s, ARG "
G R W S
& a0 a8l ol oS Jlad _ _ _ XV =
IS JOVe Y a5 s 1§ Inflorescence ouadJS AU s a
e e sk S Length of i Peduncle Days to Flower 989  Floret
SOV df Peduncle main diameter diameter  flowering durabili Number  length
length inflorescence g R of g
peduncle
“_{91* . 2 1.09m 0.27m 33.18™ 0.78™ 23.52" 77.80™ 17.16™ 6.79™
Replication
e 13 228.27™ 100.82™ 623.06™ 2.22™ 765.37" 203.15™ 88.85"  56.79"
Treatment
Eu:r;r 26 19.41 8.70 41.14 0.32 44.44 39.63 6.73 5.83
Juoyd K Jlain] o jd ()l gime e {5 )5 o pac NS
ns: not significant; **: significant at p<0.01
(Salvia spp.) 5 o o ilisee (sWdisS il 9 (oaingy oo (il ylg 43305~ Jogua doldl
Table 2 continued- ANOVA of vegetative and reproductive traits of different sage species (Sa/via spp.)
Slasyo (5o
Mean of squares
wéUf:l»J P _ . _ . e
" o - e U5 axdS laas 4::.15 :l.fu’ od s f_J,.la Jsb alols
é’ 35 O b Num'be‘r of bl =2 ol o WS’ oo
Ol ot sj! Floret axillar Number of florets  floret numberin  Length of the Inte.:rflor;I
S.0.V df diameter infloresce¥lce in the main ~ axillary ~ axillary distance
peduncles inflorescence inflorescence inflorescence
Ssb o
T 2 0.40" 3.88 4.66™ 4.57m 6.46"™ 0.009"
Replication
et 13 11.80™ 27.87" 750.82™ 272.90™ 58.43™ 1.49™
Treatment
s
26 0.22 1.16 22.53 17.77 5.13 0.05
Error
Joyd S Jlais! mlaws jd (g5 xe s {50 dme pas NS
ns: not significant; **: significant at p<0.01
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Figure 2- The trends of plant height increase of different sage species (Sa/via spp.)
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Figure 3- The trends of plant width increase of different sage species (Sa/via spp.)
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Figure 4- The trends of leaf number increase of different sage species (Salvia spp.)
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Figure 5- Comparison of the number of flowering stems between different sage species (Salvia spp.)
Mg I3 e 103 iy Jlat] el 15 LSD (g0l olislyy arlitio By o (> (sloeSilie
Means with the same letter are not significant at the 5% probability level according to the LSD test.
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Figure 6- Length of main inflorescence and height of flowering stem of different sage species (Salvia spp.)
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.Means with the same letter are not significant at the 5% probability level according to the LSD test.
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Figure 7- Comparison of inflorescence diameter and flowering stem diameter in different sage species (Salvia spp.)
A I3 e hoyd gy Jlesn] pdaw > LSD g0l ulusl s aslii g > syl (slaySilee

Means with the same letter are not significant at the 5% probability level according to the LSD test.
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. e 31U Bl i GRS el S B db
ygs Number of Number of florets in Length of the Inte;node
Species lateral Number of florets the secondary secondary length (cm)
inflorescence in the main inflorescence inflorescence (cm) g
inflorescence
S. officinalis 3.00f* 13.33 ef 5.00 hi 11.53 de 2.30 bc
S. officinalis .
Common sage 4.5d-f 12.00 ef 4.5 hi 12.30 c-e 2.60b
S. officinalis
Extract sage 3.00f 10.33 ef 10.66 e-g 11.66 de 2.46 bc
S. nemorosa
SAQ67 3.33ef 22.00 b-d 13.66 de 7.33fg 0.63h
S. nemorosa
SA036 6.33 cd 70.66 a 37.66 a 13.03 b-d 0.83gh
S. nemorosa 2.66 fg 27.00b 17.00 cd 16.16 bc 1.16 fh
S. sclarea SA058 12.00 a 26.50 bc 13.50 d-f 17.50 ab 2.05cd
S. sclarea var.
turkestanica 7.66 bc 18.00 c-e 12.00 ef 13.00 b-d 1.80 de
SA060
S. sclarea 2.33fg 10.66 ef 7.00 gh 10.66 d-f 2.40 be
S. firgida 5.33de 14.33 de 8.00 f-h 7.96 e-g 1.90d
S. reuterina 9.00 b 22.33 b-d 21.00 bc 12.33cd 1.76 de
S. chorassanica 0.50¢g 4.50f 0.50i 35049 3.20a
S. pratensis
SA046 3.00f 16.00 de 10.33 e-g 10.33 d-f 1.43 ef
S. virgata 6.00 cd 23.00 b-d 24.50 b 21.50 a 2.05cd
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* Means with the same letter in each column are not significant at the 5% probability level based on the LSD test.
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Introduction

Fennel (Foeniculumvulgare), a valuable medicinal plant belonging to the Apiaceae family, has been widely
recognized for its medicinal and culinary uses. Its essential oils and bioactive compounds, such as anethole,
fenchone, and estragole, have made it a significant crop in the pharmaceutical, food, and cosmetic industries.
Fennel is not only prized for its aromatic seeds and leaves but also for its therapeutic properties, including anti-
inflammatory, antimicrobial, and antioxidant effects. Given the increasing global demand for high-quality
medicinal plants, optimizing cultivation practices to enhance growth, yield, and essential oil production is
crucial. Traditional agricultural practices often face challenges such as nutrient inefficiency, environmental
degradation, and resource depletion, which can limit the productivity and sustainability of medicinal plant
cultivation. In this context, nanotechnology, particularly the use of nanofertilizers, has emerged as a promising
approach to improve nutrient efficiency and plant performance. Nanofertilizers offer several advantages over
conventional fertilizers, including enhanced nutrient uptake, reduced application rates, and minimized
environmental impact. This study aimed to investigate the effects of foliar application timing and varying
concentrations of potassium nanoparticles on the growth characteristics and essential oil yield of fennel over two
cropping years (2021-2022 and 2022-2023). By exploring the potential of nanotechnology in fennel cultivation,
this research seeks to contribute to the development of sustainable agricultural practices that can meet the
growing demand for medicinal plants while preserving environmental health.

Materials and Methods
The experiment was conducted as a factorial design in a randomized complete block design with three
replications. The factors included foliar application timing at three growth stages: stem formation, flowering, and
fruiting; and nano potassium oxide concentrations at five levels: 0 (control), 2, 3, 4, and 5 parts per thousand
(ppt). The measured parameters included plant height, biomass yield, seed yield, 1000-seed weight, number of
umbels per plant, seed carbohydrate content, chlorophyll a, b, and total chlorophyll levels, as well as essential oil
percentage and yield.

Authors retain the copyright. This is an open access article distributed under Creative Commons
B Attribution 4.0 International License (CC BY 4.0).
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Result and Discussion

The results demonstrated that foliar application of potassium nanoparticles significantly influenced the
growth and essential oil production of fennel. The application of 3 ppt potassium nanoparticles had the most
pronounced positive effects on plant height, biomass yield, seed yield, 1000-seed weight, number of umbels per
plant, seed carbohydrate content, and chlorophyll levels (a, b, and total). This concentration was found to
optimize nutrient uptake and utilization, leading to enhanced photosynthetic efficiency and overall plant vigor. In
terms of essential oil production, the highest essential oil percentage (4.37%) was observed in plants treated with
5 ppt potassium nanoparticles. However, the maximum essential oil yield (5.69 kg.ha*) was achieved with 4 ppt
potassium nanoparticles applied during the fruiting stage. This indicates that while higher concentrations of
potassium nanoparticles may increase the essential oil percentage, the optimal concentration for maximizing
essential oil yield is 4 ppt during the fruiting stage. The fruiting stage was identified as the most critical period
for foliar application, as it coincides with the peak demand for nutrients to support seed and essential oil
developmentThe findings of this study highlight the importance of precise nutrient management in fennel
cultivation. Potassium, as a vital macronutrient, plays a key role in various physiological processes, including
enzyme activation, osmoregulation, and stress tolerance. The use of potassium nanoparticles enhances nutrient
use efficiency by providing a controlled and sustained release of potassium, thereby improving plant growth and
essential oil production. Furthermore, the application of nanotechnology in agriculture offers an environmentally
friendly alternative to conventional fertilizers, reducing the risk of groundwater contamination and soil salinity.
From an agronomic perspective, the results suggest that foliar application of 4 ppt potassium nanoparticles
during the fruiting stage is the most effective strategy for maximizing essential oil yield in fennel. This approach
not only improves the economic viability of fennel cultivation but also aligns with sustainable agricultural
practices by minimizing input waste and environmental impact.

Conclusion

In conclusion, this study underscores the potential of nanotechnology, particularly potassium nanoparticles,
in enhancing the growth and essential oil production of fennel. By optimizing foliar application timing and
concentration, farmers can achieve higher yields and better-quality essential oils, thereby increasing the
profitability of fennel cultivation. The findings of this research provide valuable insights into the role of
nanotechnology in sustainable agriculture and its potential to address global challenges in food and medicinal
plant production. Future research should explore the long-term effects of nanofertilizers on soil health and plant
physiology, as well as their applicability to other medicinal plants. Additionally, studies on the economic
feasibility and scalability of nanofertilizer use in different agricultural systems would be beneficial. This work
contributes to the growing body of knowledge on sustainable agricultural practices and highlights the importance
of integrating innovative technologies into traditional farming systems to ensure food security and environmental
sustainability in the face of a changing climate and growing population.

Keywords: Carbohydrates, Chlorophyll, Essential oil, Nano potassium oxide
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Table 1- The average of meteorological statistics in the spring of the 1400-1401 and 1401-1402 crop years

Jlw IFe)-VFee IFeY-1F+)

Year 2021-2022 2022-2023
ol a8 Canignd ] 3,5 RYLIYYE] Cudgd ! sl ,5
Month March April May March April May

bod (1 Sle
15.06 20.26 26.14 17.24 20.00 25.65
Average temperature ¢C)
550

o 22.6 13.2 2.4 24.2 20.11 10.50

Precipitation (mm)

Table 2- The physical and chemical characteristics of soil

. . Cylan . [FHY o - .
oo el o Sy S, 1) 5’; ganic Ojor ed el
. Sand Silt Cla % 3 N P K
Year Texture Y EC SE matter
(%) @s.m?y  PH (%) (ppm)
FEJ" b g 1.02 77 079 009 8 16953
Irst Sandy 52 26 22
P9 loam 1.10 7.4 0.83 0.07 8.1 141
Second
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Table 3- Combined ANOVA for the fennel traits affected by stages and levels of nanopotassium foliar application

Ol kS gl 4?)-" Qg gl )l o355 3, Slas ol 3,Shos aild I 59 Aige yd ,So o8 4_\.6!:
SOV &Ml Plant Biomass vield Seed vield Thousand-  Umbles in Seed in
= df height y y seed weight plant umbles
b 1 322.89™ 639983.74" 461003.84™ 1.61" 193.98™ 373.21”
Year (Y)
(.“JL”.) ol 2 15.20 120000.45 85000.32 0.05 18.45 25.12
Replication (year)
o LJ’L’” Sl 2 49.72" 1239066.25™ 424826.42™ 0.17m 149.62** 62.06*
Spraying steps (SS)
2 35.79" 991260.57* 230074.40" 0.08™ 121.86™ 37.62™
Y x SS
eyl “hlp 4 141.91™ 1655105.9™ 5559097.67" 0.29 55.81™ 262.86™
Spray concentration (SC)
Y x SC 4 32.62" 171991.61" 1013189.66™ 0.06™ 8.54"™ 68.98™
SS x SC 8 52.43™ 670012.52" 516494.33" 0.22 63.92™ 82.64™
8 38.47™ 559752.25™ 572354.83" 0.17" 39.70™ 27.07™
Y x SSx SC
uiuLo)-l LSU°5
Errar 58 11.30 157504.38 58490.77 0.08 13.49 14.06
St e 4.64 10.24 16.13 6.27 11.10 2.88
C.V (%)

2o y> S5 g gy Jlei] zglaw 53 5l gime i a7 o ne et
"s: non- significant, “and **: significant at p<0.05 and p<0.01, respectively
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Table 4- The fennel traits affected by stages and levels of potassium nanoparticles foliar spraying

csbalojl (oo Lo
Experimental treatments g g5 0395 Cannnt j 3 Sl 4ild 5, Slos &> 4152 (39 gy g
byl clile Plant height Biomassyield (kg.h~  Seedyield  Thousandseed  Umblesin
Jl sl Jal e (cm) 1) (kg.h) weight (g) lant
Year Spraying steps Spray g gt P
concentration
Ls Y )
Coﬁtrol 68.02¢ 3468.9¢1 783.3m 4.247¢f 30.53%9
(K .
5;; 6:):) 72.20¢0 3770.3" 1283.6% 4,231¢f 32.43d9
343! I
St;; m;g é;; 6:); 76.41bd 4113.2>f 2798.8" 4.635%" 34.94%%
i;"i 6:) ‘; 72,520 3954.1¢ 1728.2¢ 4.548%f 32.69¢9
(K ) .
Efi 6:)3 70.58¢ 3880.7¢ 1244.5 4.4730f 31.90d9
c;ﬁol 71.25¢%h 3137.01 588.2M 4.163" 29.55¢f
(K ) .
é;; (’;OB 68.57¢ 3668.9% 1468.68" 4,273 32.12¢49
Jgl J NS Ja Y c-e a-c i - def
Firetyour Flowering 311000 74.66 4254.6 136187 45522 34.58¢%
R .
:1;; 6’0‘8 70.97¢ 4080.7">9 1559¢f 4,564 31.43%9
‘.
g;; 6’03 72.59¢9 3937.0¢h 2379.1°¢ 4.601% 30.70%9
Aol ; ;
Control 64.591 2934.9) 576.3™ 3.9059 25.729
(K - .
27; 6’08 66.4491 3504, 2ad 952.1)m 4.273¢f 27.491
(K )
Fﬁ::::g éﬁ 6’0‘; 70.00¢%+ 4313224 1476.8¢f0 4.407"9 34.03¢%f
(K ¥ : :
:17; 6’0 0 66.56 3651.7% 1145.8¢" 4,469 31.64%9
(K . .
é;“i (’)’Og 71.28%h 3495,5¢ 1351.4¢7 4.443¢9 27.24f
CoAr::sol 69.63¢ 3308.197 1111.9¢ 4,497 31.80%¢
I .
5;; (’)’OB 69.53¢ 415410 1228.8 4,693 32.53%9
St:;::;g é‘;‘; 6’0‘; 84.59° 4931.3° 3311.1° 5.099° 45,972
s ¥
:1;; 6°0 0 81.58% 4773.9% 2080.9¢d 4.6572f 42.89%
py3 o éﬁ ())Jog 78.31P¢ 4561.8%¢ 1451.4¢ 448101 42.293¢
Second Lo
year Control 67.74H 3177.5Ni 987.9+m 4,278 32.10%9
5‘/}; (’;OB 72.97¢9 4102.0°f 998.1"m 4.719%f 33.93¢f
I3 Y
o (;;;;fng ;j‘; 6’0 0 74.59¢¢ 4928.7° 2602.8 5.0282 36.09¢de
s o ¥ i
:1;‘1 6’0 0 76.5504 3704.8%1 1576.8¢10 4,859 37.430
S 28 77.93 3481.4% 1245.8 4.947%4 32.01%¢
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CoA:tL;ol 65.88"
3‘;’; S’OB 70.57%
e oo 836"
ij‘i 65‘; 73.25¢
é‘j‘i 653 72.00°

3414.3" 858.6KIm 4.265°7 26.319
3823.4% 1328.8° 4.504° 30.399
4199.1%f 2407.1% 4.9782bc 35.520¢
3841.9% 1701.9¢%f 4.764%¢ 35.30¢%
3664.797 1383.6°%7 4.781%*¢ 31.66%9

5 g3 dime gl Moy gy Jles] prdaw 55 5SSl (lasebiain geil oluly g b jd S i g b (sla pSile #
* Means with common letters in each column are not significantly different at the five percent probability level, based on Duncan's
multiple range test.

(@S5 Alsye ol gad g oy balys > a8 o ol
S 53 Gy kS M+ 3l b Sufglan 3o o 5V
ol Cowd a4 JiSe ;3 59 5u5055 95U p,SoLS FY

dila o ySlac
92 o Abjly a2 Sles (puib)ly 40 ) Job @i 4l
Cilisen zolaw 5 Jole ;b Cod (g )bgine st Ltaleil Jlo
)5 )8 dop S pled Jlasl b mawlyagS ol (8 ol
sdalis (F Joi2) bpSibe awlie Jod> & a2 L (¥ o)
S 55 £ )5k YNV L ol als 5 Slas oy pdin &S 3545 0
2 Aldgbre b ohan (23a8ls dose > Giloil pe> Jlo )
plo bled opl e el Cand 4 punlingSel Hlm o ¥ clale
@ Cams Ghalojl Sl Jls )3 (mdogee doye 53 mrlipdsSl
= Liolesl @ls by s Ll e 55 p,5 LS YYIF/A wals
Bakhshayesh & Sharafuddin) cpul GB,s 5 islice sla
a1 23,5 0o 0l pudgilie g jiiwgid dgm o oo
ol 1wl 5, Slas Wilg o 2gSsils Slo b a3g55ibg ) Suo
5l o= (Rameshaiah et al., 2015) ,ISen 5 oblinl, 2>
5 b Oloy ISPl dmdS el gs) 25 slaghlel
oinlel p sy bS5 Slee (il 1 550 Hln 1) el
(238l 5 G5y o ye 5 kiS5l (3 Jsbe o550
flos dog JB uli8l el (Triticum sativum) pus
J(Jafarzadeh et al., 2013) 15,5  s3laidl

as ol olis (Rezaie et al., 2019) 4, 5 Lo, pols
B al 5Shes sl 5 s (il Jgbre G en
oz 2oy VO e il 0 Slas g (bl (gl me
@5 b a3 Job sl Jise )3 pySokS ¥ + Jpbis

04 9iCsuuy 3 ySlas
O Abjly 0395 0 ,Ses cuibly 25 5l Jols i 4l
Cilisen golaw 5 Jolye b o (oo gine ooty inlojl Sl 93
C)S )8 e S plad Jlisl b ealyagS ol (8b Jole
odalio (¥ Jiz) beShe anglie Jodo 4 d2g9 b (Y Jou2)
P eSS FANY L ply eogican) o,Sles oy b & D
hdslore b olyor (23a8ls abs o 1> Gialesl pgd Jls o )l
bobess cnl om el Cowd 4y maolipdgSgl Jlin o ¥ cdale
4 Comd &5 (gysbody b sdalie (gl gxe Colds ojles b
Jol Jlo 3 (p30gme dloyo )3 easlipdgS U (8L Jgloxe slos
GBS NAVIE (o395 oy 3Skos (5205) Lol
oo paewlndgS 6l ealaiwl &S cuily bl ol o ol lis
05w (Il Slige ol 5l )90 (2lAE polis @y (oo
2 bty maoly ol 03,9 o231y 03gicunss W5 g oty
2y Jbd laide ok jludeds 5 85 0 <8 0lS sl
) Fagid 5l Jols slge JUDI maasly (y2 215 3929 olS 03y Jl
(Patil, 2011) 355 o ol ying Ad) 4 poxie g LS oo oy
9 Sy gdaw il cel (g ) Jrwgd ) Sl 4B eely
Sp b 4 g dlge JEl Gl g () weSled G
Slp a8 i i ATP LSS Coge pawls Cullad 0od 0

Gardner et al., ) cal p3¥ (iS0T K5l 55 (¢ iwgid dlgo e
(2011

b ol 3 (Kazemi et al., 2019) ¢, Sen oL s

2 berd @3 g b gladgs g ol i (S ey &S
3,5 )b xe (SOorghum bicolor) poS ) ew olS s 3 Slas
335 + okl bulyd 53 e el g (s sl Shoe oYL
Cawd 2 355 5L 950 + 3555 Slo + Jgeme (5)ll 5 (pleond
Astaneh et al., ) ,Ken ¢ alinl Lislosl gt uioen Lol

C5gre Mgl 295 g 0)9l (i Jlite $l )y > (2020
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Y B 5 (3l Joloce b olyan el als o il pgd
gl )l plo bl opl opo el Cownd 4 muliodgS il 130
2 pelindeS ol Bl Jole a5 (5)sbay b samlie (5l s
s VY Loy ks 4 cond Gilol ol Jlo j3 ad0gme dls yo
Astaneh et al.,) o, Ken g slul islojl gl ol ol i3l
2 Olare OMPL 38 5 o9l (A5 Jlite S o)y ) (2020
doge 3 ool gl g Jloy bylyd 5 a5 o olis puiS oS
bals 3 )Slas g &l lia ()59 g)l dxty S oyt (23S
039355 5L p)S5kS ¥V g LS 3 ()35 £)S kS WV 2 )8
Harsini ) o, 1S 5 duw o zols pioren Aol s 4y,
3555k S sl Jsbee a5 by lis puiS (g5, (et al., 2014
Mawi yp doyd o Jlinl paw 3 (gbliae 5 axg JB @l
3 Sas bl yad bl > ails sl il Hlia y5e i
Bayati et ) l,\Ken g sl goli .cuib a5, Sles 5 SS55lam
a3 Shes ol 3686k sximdrgo il 5l Sk ;o (al., 2014
Mas denpy ey ami opl &S 54 (Brassica napus) I;ls

el Cawd 4 b 5 (59 9 95

RO dAly alaas

om AUl e 50wl slawy (il ly w50 3l ol bt 4l
Cilisen golaw 5 Jolpe 3l o (gl gtna sobes pinlajl Jlo 93
65 Y aop Ko s Jlais) b ueslidgS 5 il Jsbeo
oS 290 odnlie b Sile auslie Jodo 4 a2 b (Y Jgi2)
338 WY/-A Lyl iolojl pgs Jlo p3 g 53 4ild dlaw o i
~Jsore Lol o (23e8ls alsyo 3 (ioren (B Jgaz) Cusl 035,
22 WWYA L by eewlidgSel Hlia o ¥ oclale » b
ol sme gl bajlas plo b Hlews opl cpw 5 Joda) del o
b oae ¥ lo,d Giolosl Jol Jho dy Comd &S (55bay b st lice
doye 3 eslidsS 5 b Jslne b anls & a5 i
b obee Ylaasl cdl Ll s 55 4l sae YY adogwe
Js] 35 9 gy (g b s p b b | maslyss b
Ohi ) cudly dy b glay w4 (gt dlge
g by o) lSG cute Sllaaly ud g M ©pSol> by
abyolass Giol38l o olde las 5 039y dlgo JWES! 1D pawlis yids &
5 s by ey Gl b sy o 5y late (] B pmo I
Wby Jo 3 slayn 4 gptwgd 03y Slse plin (anass

P9 M (S yida g SR sl

Gl sl S i 3 as (Bbgbe ol St
la.,] (Ghahremani et al., 2014) .5 (Ocimum basilicum)
by (lié polie Gl g0 pipan 5 it d9ate |y of i
5 S oalj] amasly ol > wy Ll ol Jlda ¢ oS
Sl )y b (Aghazadeh-Khalkhali et al., 2015) l,\Son
o3hal 3,Skas 5 48, ks 5 o] S 35 2 Jolons
w355 90 (pl (0,8 ol as s, (5158 (Plantago ovata)

W3, 0yl olS cpl il 5 Sas cold jo g Ay Ay iul38l

RS IRT)

53 o wbjly ab e s (eib)ly 4 5l Jols @ls by
Gilis s g ol b o5 gfasine ssbar Ginlef] JLs
85 )5 sy g s Jll b eeslidsSylb 3L sbce
sdnlis (F Jou) bpSibe awlie Jod> & a2 L (¥ o)
P> Jlo 3 )5 014 b ply &l Jlia g (ppidi o 3580
P Y cble 3 b e boolyen addile dbsyo > Liolesl
gl bnjla plo b jled ol o el Cawd 4 uawlondgS'gil ljm
JRRPOURLISE 2% CRI ) NECgp A M ERE S AN E RS
£S5 W wals a4 cuws Gislejl Jgl Jlo > mdogee dls e
039 363} Blgee GBS 2 prelty 5B 350 31l s il
D5 o mawly 355 Byae 1Y (Tavan et al., 2014) sas .
Selva-Preetha & ) 5o ), SKimsh sl i)li5 50 pewlt
Oj9 uwlsél > (Balakrishnam, 2017; Tavan et al., 2014
Amirnia) o) Kes Lol (6,55 Gimgd ;3 03,5 [il55 ab
0359 oD sixe yobods oyl 395 63l &S Widges 3,15 (et al., 2014
ool sledgS b auwslis jo 1) (Crocus sativus) olyac; |5 5
Sl isliel sl

g ya o olasd
Om Sl Gy ol bl el el mls aly
lises golaw 5 Jolpe 3l Coni 3 sine yebar Gialel Jlo 3
S 8 sy S plas Jlaol b prslpdgSgil (ol Jalre
sdalio (¥ Joio) bpSile auwglio Joi> & g b (Y Jou>)
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Gliseo g Jlw > &bl ba 45 aild daxs -0 Joua
Table 5- The number of seeds in fennel umbrellas in different years

Jw S > &l dlaxy
Year Number of seed per umbel
Jsl 128.015"
First
ps> 132.088°
Second

L5056l xe oglis sy gy Jlain] gaw ) (SOl glatelsniy (yg0il (bl (gt y8 33 S e Bg o b (slo 5 Silee 3
* Means with common letters in each column are not significantly different at the five percent probability level, based on Duncan's

multiple range test.
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Table 6- The number of seeds in the umbrella under the interaction effects of stages xlevels of nano potassium foliar

application
winlojl (o jlows Fo g0 &y slasy
Experimental treatments Number of seed per umbel
gl Uy gl il Jol Jo ©93 Jlw
Spraying steps Spray concentration First year Second year
Jals .
a’ a
Control 137.57 143.08
Mo ¥ b
129.90°° 127.48°
2/1000 990 8
2l Jsa 2T 126.47 130,91t
Stemming 3/1000 ' '
e ¥ cd cd
411000 124.86 126.21
I o0 d d
5/1000 120.89 120.45
Aol
cd a
Control 125.43 141.99
)‘)‘h’ 2 Y bc a
) 21000 130.45 140.64
» I Y
H ab bc
Flowering 3/1000 136.26 132.09
¥ d b
126.37°¢ 131.44°¢
4/1000
0 d
124.24°¢ 127.25°¢
5/1000
L
- 126.91¢ 136.97%
Control
)‘}"’ »Y cd bc
21000 128.09 131.85
ENIYS JUtE A "
127.44°¢ 129.25°¢
Fruiting 3/1000
JUtErA d b
127.85°¢ 131.507¢
4/1000
N3 30 cd bc
5/1000 127.50 130.22

5 gl re glas Moy iy Jleis] o 53 Sl (sl 03l (bl (gt by S yidie Ligys b (sla 1y Sibe %
* Means with common letters in each column are not significantly different at the five percent probability level, based on Duncan's
multiple range test.
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VFed 5l o) ojlous Fe o (55,9l @b g pale) LSl pole @yl N YY

Shdslre aald 4 Cond &S (g ysba W stalie (g e
2l ¥/08 isleil Jgl Jlo 55 a3a8lo als e 1 quulndgS il
Sy las iul3el
(2S00 dlo i 3 ;S5 ol cils > puly
scdplio g 1 550 Glaje Cosl cuw g )b LB
yolie ool (Hassanpour Aghdam, 2008) s¢i 0 44
P e (S ) dm ogada e Jalye )3 (5)905
PSS G g 0rd (g5tg 03jl (I8l g S paw cullad
[(Briat, Dubos & Gaymard, 2015) 5,5 yuilwl l5ee (iol58l
Dracocephalum kotschyi) Us 4 550,00 olS wilwl (i158]
Mentha ) ,leeedisy 5 (Khanizadeh et al., 2024) (Boiss
2sS'$il o0 o (EI-Naggar & Osman, 2024) (pulegium

a0 3|5

oW )38l ds > FY wald 4 Cod oS 0 Jols oliyagSsil
5 ua (Jafarzadeh et al., 2013) ., Ken 5 o,z b
23,5 bl cute |y pAiS alius > aild slaws iol58l 13 el ol

A paiS il 0 Slas ioli8l 4 oie colps o oS

Al il wis 4o
o bl al uilel 22> puibly 4325 5l ol mls by
alis g 5 oo 38l 2 (g o gne ooty slefl Jlo 53
o 5 nops gy b Jlain] U el sSyls (il o
(¥ Jg2)

Sgde odalie (A Jgio) lapSile duglie Joio & 2295 L
ped Jhw 0 dopd FIYY L ply aby ulel asyd iy oS
3w 3 0 cdale )3 b sl b olyen mogee Al po 53 iolo]]
Gold jlos plo b jles opl o el Cund 4 pawldsSeil

ool 395 93U (WSl Jglone ol g Jol o ;i Cod Al il (S Ol o8 o il g 42525 -V Jgi
Table 7- Combined ANOVA for the fennel quality traits affected by stages and levels of nano-potassium foliar

spraying
a 2 o= =3 5 = = =
- §. BT dZ: %R, wE wl i,
o & -5 = 5= :‘EE g:og %Em e NSRS %eg
SOV = 3% 3gs s e oS w S 2
) 88 L83 1 8 o o 3)
o 1 4394™  6037.01" 0.2060"  0.1106° 0.0508™  49.03"
Year (Y)
L) )5
()l 2 0305 150.32 0.052 0025 00032 0045
Replication (year)
5l | * * ok wx
thbstee Jolye 2 0.319% 70.86™ 0.0923 0.0555°  0.0118™  0.1046
Spraying steps (SS)
| . : .
G”EJ*;‘XJ; . b 2 1.068 42.93" 0.0428" 00356 0.0075°  0.0864
lsbre L 4 6517 1051.02 0.5956 0.2852"  0.0363™  0.3506
Spray concentration (SC)
Yx SC 4 0.468™ 310.61° 0.0897" 00399 0.0028™ 0.1273"
liglone B x oo 8  0.683" 208.18" 0.1336™  0.0901 0.0106™ 0.1123"
SSx SC
Yx SSx SC 8 0519 213.38" 01151 00723 0.0081  0.0926™
Fo 58 0.229 91.071 0.0207 0.0173  0.0019  0.0202
o 16.53 26.06 5.57 5.56 10.63 6.77

2o y3 S5 g gy Jlein] ggbaw 53 gl gime iyt 7T g T o et 1S
"s: non- significant, “and **: significant at p<0.05 and p<0.01, respectively
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Table 8 - The fennel quality traits affected by the stages and levels of potassium nanopatrticles foliar spraying
inlojl (5l Lo - -
Experimental = o e S E
> ] c D o =
treatments a < =, = s2 =% 58
ve 3 . i3 42z iz aE: aife ui:
2 & z S - = n _ 3,:- ":Q_u) N -ﬂj£$
'A«\"J; % = .3g 3951 .,og) ‘%Ee %Smg Q O
38 = _,1?; ’}‘)E 53 B> 5€v c ©F o= w £
P "i S s g 2 E 2 ] T < E=RrN
= Y 8 4 73 O O 5 a 5 2
35 7 S L g g
S-S - £ g
aald i* i i ijk hi ij
Control 1.81 13.31 2.45% 2.09Y 0.337 1.317Y
2;26:)5 1.91Y 21.25" 2.56% 2.32¢ 0.363" 1.357"
o é‘/};(’)g; 2.38% 22.31" 2.87%¢ 2,470 0.463%¢ 14390
ing
i/ﬁ&)g 2404 29.01% 2.47% 2.28" 0.460+ 1.357
i T 24w 2.45% 231+ 04031 13270
comol 22" 20.16 2.27 2.03* 0.320/ 1.283i
5;;6;)5 2.339) 23.68hii 2 57d-i 2,15k 0.340h 1.347ii
Jot Jl lim s ¥ _ ) _
. 5 UL 2 84d-| 25 68h|] 2 77bcd 2. 470 0 42709 1.463!
First . . . . ) ) .
year Flowering 3‘/105)\(:)
:1/);())00 3099 35.91¢ 2.62%9 2.36%" 0.413%" 1.387
I; . . . ,
&)3/);62)8 3.51%¢ 29.23 2.56™" 2.28" 0.403% 1.3501
ch:];ol 2.2591 27.21% 2.08¢ 1.98 0.320i 11771
5;162); 2.249) 26.60Mi 2 .28k 2.25F 0.320' 1.300i
‘. j .
F@??ﬁ 3?1655 2.99° 29.25%) 2.62°9 2.55%¢ 0.427"9 1510
ruiting
i/’iéBE 3.32 48.28" 2.61°9 2.429 0.393¢% 1.423i
éﬁéég 3570 4621 2.37" 2.33¢ 0.3479" 1.3671
C;ﬁol 2.07" 24.13M 2.3691 2,231 0.387¢ 1.303"
5??1655 2.23¢ 34.21% 2.70¢d 2.32¢ 0.470%¢ 2.470%
5 I _
Sf“”‘”?‘“ é/);(;):) 2.77% 51.960< 3128 273 0.540° 3.273
emming
‘.
:1/’;6;); 3.88%¢ 41.16°" 2.88%¢ 2.56¢ 0.4832¢ 3.0572¢
P> Jl s 50
Second 00 362 41.30°" 2.69% 2.18%% 0.480% 2.5231"
year 5 1u
contol 212" 33.50* 2.32m 2.36% 0.407¢1 2753
I; _ _ _
Js 5/);()););) 2.58% 41.06°" 2.47% 2.36%" 0.377¢ 2.880cde
R
Floverng éf/’IéBB 2.379 65.40% 2.98% 2.65% 0.573 3.197°
s 2 ¥ 3.52ad 45.83%9 2.65%" 2.61%¢ 0.387¢ 3.0972¢

4/1000



VFed 5l o) ojlod Fe ol (539l @alius g pole) SLEL pole 4y plid  VYY

éﬁ&)g 3.81%° 36.25%" 2.65° 2.400" 0.4430 2.847¢de
ch:ﬁm 2.69 36.01° 2.14k 2.28" 0.337M 2.5009
;/}1655 2.78+ 49.87% 243 2.35¢M 0.363" 2 693¢10
Fﬁ;::g I)’J/}z(;:):) 3.96% 54.14%¢ 2.78™ 2.64% 0.537 3.177%
ifié:); 4.00 69.50° 2.98% 2,550 0.497% 2 ga7be
é/};(;:)g 437 47.80° 2.60°" 2.39°" 0.3479N 2.833¢%

5 g3 me aglds Mo yd iy Jles] prdaw 53 5SSl (lasebiin geil olul s g by S i g b (sla pSile %
* Means with common letters in each column are not significantly different at the five percent probability level, based on
Duncan's multiple range test.

Capns 855 ygbos b oamliie (61 sime gl ylass plo b lows
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5 awlis Mg ey b olis il ssly V¥ ikl
Koy by 365l oslatul 1 amd o (il 1) s lamg S
gl (g 3 1) iy dope > legS (e (ol
5 Ady Lilpl (Tavan et al., 2014) wib o e Sy 0
GF 35 oy 5 ety O b cos LS 5 Slae
Zahedifar & Najafian, 2016; Ghahremani et ) cuol oai

[(al., 2014

Sydsgbads,,ls
89 b @ Jdg)ls (e ouilly @ )l ol @l aly
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S gl Jlisl b molidgS gl (b Jobre cilie zolaw 4
boSlhe dulie Joio & dag LoV Joi2) €85 )8 2oy
9D @ Udo)lS Gl cnyiie & 3580 osalie (A Jgiz)
pod o 15 5 5 S des YIYY o +/0F XIVY L il sy
P Y eble pn b g boolyen addble dbsye > il
gl bjless ol bl ) o ool Cawd 0 rawlodgS'gil jl5m
AU 9b @ ddg)ls Glie Spsboa bl sdalie (gl sine
Jol Jlo 5> (pr0gee dl>po 13 mulipsgSoil (L Jsloxe 3,18
i3l anly Y/oq g < /YY /YD Cus g wald 4 cud Liole]
&S a5l olie olae ds ilidl Loas Wlgs o yol cpl oy lis
olS a8y Bo)b cnl 5l g 0ad olS siwgid 9 Ji3g)lS ul ¥l cge
ol 031> iul3al |,

256 Jedo)lS o 5 (Sijs olise 2 SB (9550 5 weliy
oRlPl ohSangn Gl (Sp GBIE @l » b sl
Cunl 00 ()]3S ol A5 dlawlyds S 53 Jodg IS (slgime

il il o Slac
bl al uilel 5 Slas (uib)ly 4550 51 Jols zuls olaly
ek 5 Jolye il s s sine sty Gialefl Jlo 53
I 2ops iy csllas Jlozs! by i3Syl ol oo cilisen
(A Jsia) boeSle amlis Joio & axg L (Y Joio) <85
P Ly b ulel 5,Sles oy ytiny &S D98 0 sdalin
L olyen (mdogee dl>yo 55 Gialel pod Jls )3 lSa 53 p SolS
Ol O el Cewd @ malipagS gl Sl ) ¥ cdale ) (8L Jglore
Capd 455y b 0l ()1 sine gl ajlas ol b lows
Jl Jlo 55 (2368l alo o > alia S 515 (ool Joloxo 2015 &
ElbdsS & i e o olis Ll wly 05 Ltbej]
Oial33) i 15,58 o ol 3 Shas yial33l 5 oS (65T b il
~Jsbre 5o halojl cnl )3 48 B oe ol 3Slas 5 bl 30
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Introduction

Eucalyptus essential oils are among the most commercially important plant-derived oils due to their high
content of bioactive terpenoid compounds, particularly 1,8-cineole and a-pinene, which are widely used in
pharmaceutical, food, cosmetic, and hygienic products. In recent years, the increasing global demand for natural
and plant-based ingredients has further enhanced the industrial significance of eucalyptus essential oils.
Although various Eucalyptus species have been introduced and cultivated in different regions of Iran,
comprehensive comparative information on the yield and chemical quality of locally produced oils, especially in
relation to international standards, remains limited. Among the cultivated species, Eucalyptus globulus and
Eucalyptus camaldulensis are of particular economic and industrial importance. Evaluating their essential oil
characteristics under local climatic conditions is crucial for assessing their suitability for industrial applications
and their potential competitiveness in global markets. Therefore, the present study aimed to analyze and compare
the essential oil yield and chemical composition of E. globulus and E. camaldulensis cultivated in Northern Iran,
with special emphasis on their conformity with 1ISO 770:2002 and 1SO 3065:2011 standards and their potential
industrial value.

Materials and Methods

Fresh leaves of E. globulus and E. camaldulensis were collected from mature trees grown in the Behshahr
region of Mazandaran Province, Northern Iran, an area characterized by a humid temperate climate. To minimize
the loss of volatile compounds, the leaves were shade-dried under controlled conditions at 24 °C and 40%
relative humidity. Essential oils were extracted by hydrodistillation using a Clevenger-type apparatus for three
hours, and oil yield was calculated on a dry weight basis. The chemical composition of the extracted essential
oils was determined using gas chromatography (GC) and gas chromatography—mass spectrometry (GC-MS)
equipped with a DB-5 capillary column. Compound identification was carried out by comparing mass spectra
and retention indices with those reported in the Wiley7 and Adams spectral libraries. The resulting chemical
profiles were evaluated and interpreted in accordance with the requirements of ISO 770:2002 and 1SO
3065:2011 standards.
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Results and Discussion

The results demonstrated a clear difference in essential oil yield between the two species. E. globulus
exhibited a higher oil yield (2.6%) compared with E. camaldulensis (1.2%), indicating superior productivity
under the studied environmental conditions. In both species, oxygenated monoterpenes constituted the dominant
class of compounds; however, their relative proportions varied substantially. In the essential oil of E. globulus,
1,8-cineole was the predominant compound, accounting for 83.19% of the total oil composition. This value fully
satisfied the minimum cineole requirements specified in both 1SO 770:2002 and ISO 3065:2011 standards,
confirming the high quality of this oil and its suitability for pharmaceutical, food-grade, and medicinal
applications. Comparative evaluation with previously reported data from other regions indicated that the
chemical profile and yield of E. globulus essential oil produced in Northern Iran are highly competitive at the
international level. In contrast, the essential oil of E. camaldulensis contained a lower proportion of 1,8-cineole
(39.46%), which did not meet the cineole thresholds defined by the ISO standards. Nevertheless, this oil
exhibited a more chemically diverse composition, characterized by notable amounts of a-pinene (13.28%), p-
cymene (11.83%), spathulenol (7.38%), and caryophyllene oxide (2.33%). The broader distribution of
monoterpene and sesquiterpene compounds suggests that, despite its lower cineole content, E. camaldulensis
essential oil may be advantageous for specialized industrial applications requiring a more complex terpene
profile, such as fragrance formulation, antimicrobial products, and functional additives.

Conclusion

This study demonstrates the high potential of Iranian Eucalyptus essential oils. E. globulus showed superior
yield and composition in line with global quality standards, rendering it suitable for pharmaceutical and food
industries. E. camaldulensis, with its chemically diverse profile, offers promising opportunities for broader
industrial applications. Given Iran’s availability of suitable cultivation zones and the growing demand for
sustainable plant-based raw materials, the expansion of Eucalyptus farming and essential oil production could
strengthen Iran’s position in the international essential oil sector. Further research is encouraged to improve
cultivation practices and support industrial-scale development.
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| S (aoys YA/FF) E. camaldulensis Jsiuw—YA lads
L olho o) YIVY Jlade 4 E. globulus cyolall .3gr 3,laikul

E. camaldulensis E. globulus
8,lowd Sy Sk padls o3 I35k pasls o 53
Number Compound Retention index (RI) Percentage Retention index (RI) Percentage
1 a-Thujene 928 0.8
2 a-Pinene 939 13.28 940 7.24
3 B-Pinene 982 0.63 983 0.23
4 Myrcene 987 0.56 989 0.25
5 a-Phellandrene 1009 0.47
6 p-Cymene 1030 11.83
7 Limonene 1035 4.32
8 1,8-Cineole 1041 39.46 1045 83.19
9 v-Terpinene 1062 0.35
10 Linalool 1099 0.52 1103 0.24
11 Dihydro Sabina Ketone 1124 0.36
12 Trans-Pinocarveol + Trans-Sabinol 1139 0.66 1140 1.16
13 Trans-Verbenol 1142 0.27
Pinocarvone 1156 0.27
14 Borneol 1164 0.65
15 Terpinen-4-ol 1169 1.8 1169 0.26
16 Cryptone 1176 5.88 1174 0.5
17 a-Terpineol 1179 1.62 1180 1.24
18 Verbenone 1213 0.35
19 Cumin Aldehyde 1249 1.15 1250 0.33
20 Dihydrolinalool Acetate 1283 0.56
21 Methyl Myrtenate 1296 0.35
22 a-Terpinyl Acetate 1338 0.8 1338 0.53
23 Aromadendrene 1441 0.67 1441 0.53
24 Allo-Aromadendrene 1462 0.39
25 Bicyclogermacrene 1490 0.6
26 Spathulenol 1568 7.38 1566 0.31
27 Caryophyllene Oxide 1574 2.33 1574 1.51
28 Viridiflorol 1581 0.47 1580 0.32
29 Guaiol 1606 0.33
30 B-Atlantol 1610 0.49
31 Allo-Aromadendrene Epoxide 1634 0.39 1633 0.22
32 Unknown 1657 0.67
e 38550 99.7 24575 99

Total




WO e g il b &LaS 5 dunglie 1yl 3 Jlois 55 (EUCAIYPLUS SPP) (wsied 51 bl oy Kod § a>go Sloi

E. globulus 4 E. camaldulensis _wilw! gl3a! oy S -Y Joia
Table 2- Compound groups of essential oils from E. camaldulensis and E. globulus

i E camaldulensis E. globulus
Compound
oyl &> oyl &
Percentage Total Percentage Total
S B B igise
A1 7.
Monoterpene hydrocarbons 30 8 8 3
IR IR
B0l gz 51.72 12 88.7 8
Oxygenated monoterpenes
S 9MB (25 IS
. 1. . 1
Sesquiterpene hydrocarbons 06 3 05
Posesl s 5 10.92 6 2.3 4
Oxygenated sesquiterpenes
P 19.6 2 0.8 2

Non-terpenes

Wyl g g 5T ilul BS ISO 3065:2011 81,5 55keg,S Jsldg s 9 5 laibiw! =Y Jous
Table 3- Standard and chromatographic profile of australian eucalyptus essential oils according to BS ISO 3065:2011

S Slasule
Characteristic Description
2l Jlw 5 S35 mlo
Appearance Clear and fluid liquid
) S 255 b Sy
Color Colorless to pale yellow
N Jsm VA dasiie 5 jlaes o)l
Odor Fresh, aromatic, ar_1d characteristic of
1,8-cineole
AS e dxd Ve o s J&s JAVA 1S las /A5 fBlas
Relative density at 20°C Minimum: 0.906, Maximum: 0.928

)5 il dyd Vo ) Cannslds G b
Refractive index at 20°C
IS lo 23 Ve )3 )9 (S 2
Optical rotation at 20°C

oS il dxyd Yo o Ve ol o (gl Il
Solubility in 70% ethanol at 20°C

VSO Shas N¥aV : Jslas
Minimum: 1.457, Maximum: 1.465
0 % Slas ol Jilus
Minimum: 0°, Maximum: +5°

oo daly ¥ Sl (bl o sly Y Mol sl

ol 5l 290 doyd Ve il
To dissolve 1 volume of essential oil, a
maximum of 3 volumes of 70% ethanol

is required
o823 b 0 g puS0jlusl FA® C : bzl abaiis 1 ilso
Jus! dlais o Sty
Flash point Average flash point: 48 °C measured
using Pensky-Martens apparatus
S glegS Ll
Chromatographic profile
Sy Jolas - S s
Compound Minimum & maximum
o=l 0.1-9
a-Pinene
iz 80-85

1,8-Cineole
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Table 4— Standard and chromatographic profile of E. globulus essential oil according to ISO 770:2002

S5 o uileo! TNV oabiasiual  pilwl LA —AD b iddas il
Characteristic Raw essential oil Refined oil 70-75% Refined oil 80-85%
sl &l &l el
Appearance Liquid Liquid Liquid
5, SSypS 3)565)5 Sy Sy
Color Yellow to pale Colorless Colorless
yellow
dasuie ;).‘a.‘m xbjU
N Jotis Jothes dasls olare Jotias dasile ¢jlara
o d.or Fresh,aromatic Aromatic,cineole Aromatic, cineole
, characteristic characteristic characteristic
of cineole
P Ve s JBs
ISl 0.905-0.925 0.904-0.920 0.906-0.920
Relative density at 20
°C
Ve Casld o
S 1.457-1.475 1.460-1.468 1.458-1.468
Refractive index at
20°C
Ve 206y g
o5 sl -2°-+8° 0°-+10° -2°-+10°
Optical rotation at 20°C
. " . . p Sl ) ) )
() Joil 2 sk b Y (s iy o] e Pl g Sl 10 (s p sl o 51
Solubility in 70% i Max volume required: M | ired: 5
Ethanol at 20°C Max \_/olume 10 ax volume required.
required: 7
Ll alais
J . 44C- 51C° 51C°
Flash point
S gleg,S” Jolbg
Chromatographic
profile
Pl bl . N . e
L,‘,S)) R t I AR RN Y] uwl.wl AN [RWEW Y u.u[w\
Compound aw eosisle” ' Refined oil 70-75% Refined oil 80-85%
() pSloo (%) Jeloo AR (%) Jeloo (7) yS1oe () Jolse
Max (%) Min (%) Max (%) Min (%) Max (%) Min (%)
o) 22 10 10 1 10 1
o-Pinene
Js VA
Cineole-1,8 T 60 o 70 o 80
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Introduction

Tomato (Solanum lycopersicum L.), belonging to the Solanaceae family with a chromosome number of
2n=2x=24, is recognized as the second most cultivated vegetable worldwide after potatoes. Despite its global
importance, a significant proportion of tomato seeds used in Iran are imported. To address this, a comprehensive
breeding program has been undertaken, resulting in the development of over 1,500 inbred lines. The most
promising lines have been selected for hybrid development. This study focuses on evaluating and comparing 26
selected hybrids out of a total of 180, intending to identify superior varieties in terms of yield and fruit quality.
Gaining insights into the advantages of these superior hybrids can contribute to the development of varieties that
better meet consumer demands while also promoting agricultural sustainability.

Material and Methods

This research was carried out at the Agricultural Research Station in Mohammadshahr, Karaj City, Alborz
Province, involving the evaluation of 26 selected tomato hybrids from the Abouraihan Campus of Tehran
University. The experiment was arranged as a randomized complete block design (RCBD) with eight plants per
plot. The hybrids were compared to three commercial cultivars—‘Matin’, ‘Brivio’, and ‘Bedero’—as well as an
old hybrid, ‘H12’, used as a control. Seedlings were prepared in February 2024, with 32 seeds from each
genotype sown into trays filled with a 1:1 mixture of peat moss and perlite. The spacing between rows was 2
meters, and the distance between two plants within a row was 50 centimeters. Throughout the trial, standard
agronomic practices, including irrigation, fertilization, and pest management, were implemented. Evaluations
encompassed both field and laboratory assessments, focusing on quantitative and qualitative traits. Over a single
growing season, the hybrids were assessed for attributes such as fruit size, weight, color, and biochemical
parameters including pH, total soluble solids (TSS), and titratable acidity. After the experiment, raw data were
organized using Excel, followed by normality tests, analysis of variance (ANOVA), and mean comparisons via
Duncan’s method in SAS software. Qualitative traits were analyzed using the Kruskal-Wallis test and principal
component analysis was performed with R software.

Results and discussion
The analysis of variance revealed significant differences among the hybrids across various traits. Key
quantitative traits evaluated included fruit yield per plant, fruit weight, number of fruits, calyx stability, and
ripening index. Results showed that hybrid ‘H114’ produced the highest number of fruits (83), while ‘gH74” had
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the lowest (38). The average fruit weight ranged from 62 grams in ‘gH15” to 136 grams in ‘gH47’. Calyx
stability was notably higher in hybrids ‘gH54’ and ‘H95°, which is important for maintaining post-harvest
quality. Regarding ripening, hybrids ‘H186°, ‘H165°, ‘H163’, and ‘H114’ were among the earliest to mature,
requiring less than 95 days to reach harvest readiness. In terms of shelf life, hybrids ‘gH168’, ‘gH181’, and
‘gH54" exhibited superior durability, lasting up to 13 days. The study also identified significant correlations
among traits; for instance, a positive relationship between fruit firmness and overall yield suggested that denser
fruits are often associated with higher productivity. Qualitative assessments, which included fruit firmness, shape
uniformity, and taste, showed a wide variation in firmness levels, with commercial varieties ‘Brivio’ and
‘Bedero’ displaying the highest firmness. Additionally, meaningful correlations among traits—such as the
positive relationship between the number of fruits and total yield—were observed. The discussion emphasizes
the implications of these findings for breeding programs, highlighting the potential to select hybrids not only for
higher yield but also for improved quality traits like flavor and shelf life.

Conclusion

In conclusion, this study emphasizes the importance of hybrid selection for optimizing tomato production.
The results revealed significant differences among the evaluated hybrids in several key quantitative and
qualitative traits. Some hybrids demonstrated the potential to rival commercial varieties used as controls. To
identify the superior hybrids, comprehensive evaluation and analysis of the measured traits were performed, with
prioritization based on their relative importance. All traits were assessed simultaneously across all hybrids, with
certain hybrids excelling in specific characteristics. Based on the overall findings, hybrids ‘H163’, ‘gH55’, and
‘gH57’ were identified as the top-performing options. Further research involving long-term field trials under
diverse environmental conditions is recommended to enhance the adaptability and practical viability of these
hybrids in agricultural production.
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5- Heterosis
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Table 1- ANOVA for some quantitative traits related to the studied tomato hybrids

Olasyo (ke
Mean of squares
- aye S e e - dgmo dury 3 Slos o
i 2l &3] Sl (5 N o)) # b g ol
S.0.vV df) S pls dgs0 S 923 sl;::l::t” 4,.9{ » EVR9)
Calyx Fruit Percentage Number weight Yield Earliness
stability cracking of deformity of fruits per index
per plant plant
ok 3 888.1™ 19.43" 19.43 2578.75™ 300.47" 23.34™ 54.05™
Block
w53 29 933.52™ 28.23™ 109.84™ 502.1™ 1249.55™ 1.36" 10.06™
Genotype
. 87 187.33 7 30.06 184.13 309.47 1.41 4.66
Error
et - 49.04 119.86 66.36 13.57 19.62 27.56 2.21
C.V (%)
Doy gy 5 S Jlein ] pdaws 53 (5,5 xe (I xe pas iy g FF S

ns **
)

and *: non-significant, and significant at p<0.01 and p<0.05, respectively

i sS anllho 3)90 (Sl yud &) by po (oo Slio I (B 1 il jlg 41525 - g ol
Table 1- Continued- ANOVA for some quantitative traits related to the studied tomato hybrids

Slasyo (ke
Mean of squares
x -
3 > ’; ‘3\) qé c o 3 ,’;3‘\ = é’
) 7 ’ Y S E = < s = > “ 9
2o =5 73S ap 28 3F 2 I B
%w 7 VD23 Do Y= Ny, S w 8 I & %-— 3 <
9 % &C % e = .3 O ), 8 8 [ ES) -
28 5 k3 & 93 s W |
} '§'73 L ° - E & ’\—; — '1
: f t3
3 3
ok 3 5.49™ 12.92"  16.32" 1117 12.86™  0.74”  1.02" 0.13™ 0.97™
Block
w53 29 0.677  139.13™ 104.48™ 1.22" 20.2™ 0.15" 0.4 0.0005™ 0.002™
Genotype
Error s 87 0.31 13.69 19.63 0.83 7.87 0.08 0.22 7.7 0.006
oyl
i - 6.75 6.3 7.4 12.52 28.49 5.22 9.3 19.75 20.75
C.V (%)
oy gy g S Jloin ] e 53 (6,5 e (615 gxe piae s gy g FF S
ns **

and *: non-significant, and significant at p<0.01 and p<0.05, respectively
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Figure 1- The fruit number per plant in tomato hybrids (DMRT, p<0.05)
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Figure 2- The fruit weight in tomato hybrids (DMRT, p<0.05)
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Figure 4- The weighted average days to fruit harvest in tomato hybrids (DMRT, p<0.05)
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Figure 6- The fruit juice pH in tomato hybrids (DMRT, p<0.05)
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Figure 7- The TSS content of fruit juice in tomato hybrids (DMRT, p<0.05)
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Figure 8- The titratable acidity of fruit juice in tomato hybrids (DMRT, p<0.05)
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Figure 9- Principal component analysis of quantitative traits in the studied tomato hybrids
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Table 2- Kruskal-Wallis test for ordinal traits among the studied tomato hybrids
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Figure 11- Principal component analysis for qualitative traits in the studied tomato hybrids
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Figure 12 - Superior hybrids (top) and commercial hybrids (bottom) of tomato.
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Introduction

The Persian walnut (Juglans regia L.) is a valuable commercial crop with high economic and nutritional
value. Nutrition management is one of the most important factors affecting the growth and performance of
modern walnut orchards. The demand for high-quality walnuts is increasing day by day in the national and
international markets. Horticultural production has undergone tremendous changes in recent years due to the
development of innovative technologies, including nutrient management practices. Nutrient management of
walnuts is one of the important factors for increasing yield and improving the quality of walnut kernels. The use
of nitrogen, phosphorus and potassium fertilizers is essential for tree growth and the production of fruits such as
walnuts. The enhancement in the use of fertilizers in an irrational manner has led to a decrease in soil
productivity and multiple nutrient deficiencies. Minimizing the use of chemical fertilizers in fruit cultivation is
the goal of integrated fruit production. The gravity of environmental degradation caused by the faulty cultivation
practices has led to focus on ecologically sound, viable and sustainable farming systems. In this study, in order
to investigate the efficiency and feasibility of replacing sulfate-containing fertilizers with thiosulfate-based
fertilizers, the effect of calcium thiosulfate and potassium thiosulfate fertilizers on increasing the yield and
quality of walnut fruit was evaluated in an experiment.

Materials and Methods

This experiment was conducted in 1402, in a randomized complete block design with three replications and 5
trees per experimental unit in an orchard with 6-year-old Chandler trees grown from tissue culture seedlings in
the Khoramdareh Agro-Industrial Complex. The experimental treatments included T1: regular orchard nutrition
(control) including 50 kg.ha™* potassium nitrate calcium + 200 kg.ha* potassium sulfate, T2: 100 L.ha* calcium
thiosulfate plus 200 kg.ha* potassium sulfate, T3: 50 kg.ha? potassium nitrate and calcium plus 100 L.ha*
potassium thiosulfate plus 125 kg potassium sulfate, T4: 100 L.ha? calcium thiosulfate plus 100 L.ha*
potassium thiosulfate plus 125 kg potassium sulfate. After applying the treatments, after observing signs of
ripening, the fruits of the tree were harvested and transferred to the laboratory for evaluation of biochemical and
physical traits.

Results and Discussion

Authors retain the copyright. This is an open access article distributed under Creative Commons
B Attribution 4.0 International License (CC BY 4.0).
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Analysis of variance for fruit and yield traits showed significant differences at the 1 and 5 % levels.
Comparison of the means of these traits showed that the highest fruit dry weight, fresh and dry kernel weights,
and kernel percentage were obtained in the calcium and potassium thiosulfate treatment, and the highest tree
yield and yield efficiency per trunk cross-section were obtained in the calcium thiosulfate treatment. Calcium
increases the growth of hairy roots, root cell division, root length and also enhance the absorption and transfer of
nutrients and water to the plant, This led to an improvement in fresh and dry weight of the plant and yield.
Calcium also increases the fresh and dry weight of the plant by increasing the transfer of carbohydrates from
leaves to fruit. On the other side, potassium increases fresh and dry weight and yield by enhancing
photosynthesis, carbohydrate formation and transport, maintaining intracellular pH, and absorbing nutrients from
the soil. In addition, the results of the comparison of means showed that all treatments used increased the total
phenol and flavonoid content of walnut fruit compared to the control, so that the highest total phenol and
flavonoid content were obtained in the potassium thiosulfate and potassium and calcium thiosulfate treatments.
Calcium reduces oxidative stress in the membrane through membrane strength and delays the degradation and
reduction of phenolic compounds by strengthening the membrane and cell wall. Moreover, Potassium increases
plant growth and photosynthetic activity, increasing the allocation of additional carbon to the shikimic acid
pathway, thereby increasing phenolic substances such as phenols and total flavonoids. Potassium also increases
phenolic compounds and antioxidants by increasing the activity of the enzyme phenylalanine ammonia lyase,
which is a key enzyme in the synthesis of phenolic compounds. Analysis of variance of data related to crude
fiber, total protein and crude fat of fruit showed significant difference between treatments at 1% level, but the
effect of treatments on ash content of samples was not significant. Results of mean comparison showed that the
highest amount of crude fiber was related to potassium and calcium thiosulfate treatment. Increased absorption
and transport of nutrients is one of the important factors in increasing crude fiber in plants, and it seems that
rapid absorption and transport of thiosulfate-containing compounds has led to improved fiber production.
Analysis of variance of data related to linoleic and oleic acid traits of walnut fruit showed significant difference
between treatments at 1% level and results of mean comparison also showed significant increase in linoleic acid
content in fruits under calcium and potassium thiosulfate treatment and potassium thiosulfate treatment. There
are two important sources for assimilation and oil formation. The first is the carbohydrate pathway that is
produced in the leaf after photosynthesis and transferred to the fruit, and the second is the carbohydrate pathway
that is formed during photosynthesis in the walnut fruit, which is converted into fatty acids after enzymatic
processes. In this study, increasing sulfur, potassium, and calcium and increasing the absorption of trace
elements due to thiosulfate consumption increased photosynthetic activity and increased the production of plant
metabolites, which increased the fatty acids in walnuts. Therefore, the obtained results indicate high efficiency of
calcium and potassium thiosulfate fertilizers in increasing quality and yield of walnut fruit.

Conclusion
Our findings indicated that calcium thiosulfate - potassium thiosulfate combination were the best treatments
for increasing quantitative and qualitative characteristics of walnut fruit. These findings demonstrate the
potential of calcium and potassium thiosulfate fertilizers to enhance walnut orchard productivity and fruit
quality, making them a recommended choice for nutrient management strategies.

Keywords: Fatty acids, Flavonoid, Nutrition, Yield efficiency
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Figure 1- The kernel fresh weight (a), kernel dry weight (b), yield (c), fruit weight per trunk sectional area (d), fruit fresh
weight (e), and fruit dry weight (f) of ‘Chandler’
walnut affected by calcium and potassium thiosulfate and their combination(DMRT, p<0.05)
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Figure 2- The total flavonoid (a), total phenol (b) total antioxidant (c) content of ‘chandler’ walnut fruit affected by calcium
and potassium thiosulfate and their combination(DMRT, p<0.05).
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Table 4- The fatty acid contents of ‘Chandler’ walnut affected by calcium and potassium thiosulfate and their combination
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* In each column means with one common letter are not significantly different based on Duncan's multiple range
test at the 5% probability level.
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Figure 4- The linoleic acid (a) and oleic acid (b) content of ‘Chandler’ walnut fruit affected by calcium and potassium
thiosulfate and their combination (DMRT, p<0.05)
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