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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.
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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

Tagaudgd’ o8, 5) IS (LS pos 9 (UGS ) Olbo 5 Soglgbanal 9 (55900 jlowi (55 F1-F Jga
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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i oddode Jsle ol (FUAL 9 YAIYA) gyt ot
dol s g Sygdgbasl 1) )3 p )5 o A0 550 4y bgiyo slos
A1l g olS (ld Cundg 290 pogde Sglgdacal (B Jga)
Gl ) Fhe yale Glyisd S Wil Gl pole Ol
Olysar J5 8 il 8l ay oo oy p a8Ld JS jas plyd 9 cueS
bLsyl 4o 205 b ppizman 23,5 00 oS 3 a1 ole
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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)
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Dot gull e o Fawsid b )8l 4 e g 0dly il
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J315 53 31 T3l %3 (b Sl Jgbo 31 il
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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

Tagandgd’ o) 5; 5 (21 polis Cia ol 2 Suglgdanl 9 )90 G5 25U -1 Jgoar
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)
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