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Abstract

Cut rose (Rosa hybrida) is one of the most important commercial ornamental plants, requiring
precise nutritional management under soilless cultivation. Because phosphite and arbuscular
mycorrhizal fungi (AMF) can act as sustainable biostimulants to enhance plant growth and
flower quality, this study aimed to evaluate the effects of potassium phosphite, potassium
phosphate, and three AMF species (Rhizoglomus fasciculatum, Entrophospora etunicata, and
Rhizophagus irregularis) applied individually and in combination. Treatments included 100%
phosphate or phosphite in the nutrient solution, foliar application of 100% phosphate or
phosphite, combined foliar application (50% phosphate + 50% phosphite), and nutrient
solutions with 25% phosphate or phosphite with or without foliar spray and with or without
mycorrhizal inoculation. A total of 116 experimental units were used. The experiment was
conducted in a greenhouse in pots containing a mixed peat moss and perlite substrate, arranged
in a completely randomized design with four replicates. Results showed that applying
phosphite, phosphate, and mycorrhizal inoculation, particularly in combination, significantly
enhanced growth traits by approximately 25-50% compared with the control, including leaf
number and area, plant biomass, flowering stem length and diameter, and flower diameter.
Photosynthetic pigments (chlorophyll a, chlorophyll b, total chlorophyll, and carotenoids)
increased by around 50%, potentially improving photosynthetic capacity. Uptake of nitrogen,
phosphorus, and potassium, as well as root colonization, were higher in mycorrhizal treatments.
Overall, the nutrient solution containing 25% potassium phosphite combined with foliar
spraying of half-strength 50% phosphate + 50% phosphite, along with mycorrhizal inoculation,
produced the best results for most traits. In conclusion, the findings highlight the effective role
of combining potassium phosphite and phosphate with AMF as environmentally friendly
biostimulants for improving the growth and flowering quality of cut roses under soilless
cultivation.
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Table 1. Qualitative properties of the water used in the experiment

Total hardness (CaCOs) K" Na" Mg? Ca? CI' HCOy CO0;* pH EC
(mg LY (meq L) (dS m™)
421 0.11 1.2 2.8 63 24 4.3 0.1 6.95 0.610
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Table 2. Amount of elements used in Stock 5X

KNO; MgSO4 NHiNO;3

(2) (2) (2)

Stock A 11.45 49 41.4
Ca(NOs), Fe-EDDHA (6%)

(8 (2
Stock B 25.5 20
Stock K2SO4 28.8
Stock KH2PO4 44.4
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Table 3. Amount of micro elements used in Stock 40X

Components CuSO4 H24M07N6O24. 4 H20 ZnS04 MnSO4 H3BOs
Amounts (g) 10 16 12 240 122
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Table 4. Analysis of variance results for some morphological traits of leaves and roots in Rosa hybrida cv. Dolce
Vita as affected by phosphorus treatments and mycorrhizal inoculation

Mean squares

Sou.r ce of df Leaf FW. Leaf D.W. Leaf number Leaf area Root F.W. Root D.W.
variation
Treatment 16 412" 0.102 ™ 3.29 s 4590587.7 ™ 1126.17 ™ 1243 ™
Error 51 0.0109 0.012 3.10 894082.6 57.10 7.36
CV (%) - 12.13 17.82 21.33 13.23 13.41 9.41

ns, #%: non-significant, significant at 1% probability level
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Table 4. Analysis of variance results for some morphological traits of flowers in Rosa hybrida cv. Dolce Vita as
affected by phosphorus treatments and mycorrhizal inoculation

Mean squares

Source of df Petal Flower Flower Flower  Flowering Flowering Flowering Flowering

variation number diameter F.W. D.W. stem length stem stem F.W. stem D.W.
diameter

Treatment 16 225.57 ™ 315.38 ™ 48.79 ™ 0.79 419.10" 1.54™ 6.15™ 0.21"s

Error 51 48.92 88.54 7.20 0.15 9.10 0.443 1.46 0.27

CV (%) e 12.10 10.97 15.75 15.79 3.30 9.33 159 18.9

ns, **: non-significant, significant at 1% probability level

a5



VEO bl oY oyl N F al> S (0,5 Slidxs

339500 Tuli 9y b slowd oo Ly gands o8 55 (2 59l98 )90 oS Ll (1Silie duslio -7 Jgur
Table 6- Mean comparison of morphological traits of Rosa hybrida ‘Dolce Vita’ under phosphorus and mycorrhizal treatments

Flowerin Floweri Floweri
Treatments Leaf Leaf Leaf Root Root Petal Flower Flower Flower o stem ng stem ng stem
FW. D.W. area F.W. D.W. number  diameter F.W. D.W. ) diamete
ength F.W.

(€] (mm?) (2 (mm) (2 (mm)

PoFoMo 12.53 ¢ 12.53¢ 12.53 ¢ 12.53¢ 12.53 ¢ 12.53 ¢ 12.53 ¢ 12.53 ¢ 1.82°¢ 65.9¢ 5.94¢ 545"
PoFoM; 12.82 ¢ 12.82 ¢ 12.824¢ 12.82¢ 12.824¢ 12.82 ¢ 12.82¢ 12.82 ¢ 1.87b¢ 65.93 ¢ 6.2 b 5.73"
CiookphFoMo 1565+ 1565*4  1565*4  1565*¢  1565%¢ 15.65%¢ 15.65%¢ 15.65%¢ 230 9735 7 abe 7.94 @
Ciookph FoMo 14544 145454 145454 145454 145454 145404 (45404 (45404 ) e3abe g9 75bd 6048 744
(Ciookphi FoM1 20.16*4  20.16*¢  20.16%¢  20.16%¢ 20.16*¢ 20.16*¢ 20.16*¢ 20.16*¢ 2733 94 15*d .83 716
CiookphiFoMo 13.34 « 13.34 < 13.34¢ 13.34 < 13.34¢ 13.34 < 13.34 ¢ 13.34 < 1.90%  91.53%d 81  £95®
PoF100kphiMi 16.69%¢  16.69%¢ 16.69*¢ 16.69*¢ 16.69*¢ 16.69*¢ 16.69*¢ 16.69%¢ 209 9477+d (8  736®
PoF100kphM1 1576 %4 1576%¢  1576*4 1576*¢ 1576*¢ 1576*¢ 15.76%¢ 157634 2558 97 43ac 7 75ac g Qg3ab
PoF50kph+50kphiM 12.9¢ 12,94 1294 12.94¢ 12.9¢ 12.94¢ 12.9¢ 1294 2278 964 dbc 7.45%¢ 746
Cas%kphiFoM 21.46 ® 21.46 21.46 21.46 21.46 21.46® 21.46 21.46%® 2833 9773 7]3abe 5.90°

Cas%kphiFso%kphMi 21.23@¢  21238c  2]23ac  p]p3ae  p]p3abe  pjp3abe  ppp3abe ] 3abe 3 (4 98.15% 8.372 8.1
(Cas%kphiFso%kphiMi 172284 172284 17224 172224 17224 1722%d  [722@%d  |72pad D 53abe 87254  6.59% 762
CasvkphiFs0%50kphi+50kphMi 23.522 23.522 23.52¢2 23.522 23.52¢2 23.522 23.52# 23.522 321¢® 99.8 2 7.66 % 10.43 ¢
(CaswkphFoMi 16454 16454 16454  1645%¢ 1645*¢  1645*4 1645*4 1645*4 237ac 9q458*d  7458c g 54
CaswkphFsokphMi 154554 154504 154504 154504 15450d 154504 54504 [5450d D pabe 88.5«d 6.87%c 747
CaswkphFsoxkphiMi 21.88® 21.88® 21.88 @ 21.88® 21.88 @ 21.88® 21.88 @ 21.88® 3.182 98.75 %2 7.97 7.93 @
CasukphFs00)50kphi+50kphM;  18.1224 181224 18124 18124 18.12*¢ 18.12*¢ 18124 18124 2.89abc 95 ad 747% 891

ay
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Table 7. Analysis of variance results for some physiological traits of leaves in Rosa hybrida cv. Dolce Vita as
affected by phosphorus treatments and mycorrhizal inoculation

Mean squares

Source of df Chlorophyll index Chlorophyll a Chlorophyll b Total Chlorophyll Carotenoid
variation

Treatment 16 59.69 ** 2.86 ™ 0.105 ™ 3.60 ™ 0.0072 **
Error 51 15.03 0.00012 0.000008 0.00015 0.0000057
CV (%) e 8.83 0.41 0.45 0.37 1.45

**: significant at 1% probability level
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Figure 1. Effect of different phosphorus treatments combined with mycorrhizal inoculation on the chlorophyll
index in rose ‘Dolce Vita’.

Different letters indicate significant differences at the 0.01 probability level according to the SNK multiple-range test.
(P = Phosphorus, KPhi = Potassium phosphite, KPho = Potassium phosphate, M1 = With mycorrhiza, MO = Without mycorrhiza, F = Foliar
application, C = Nutrient solution).
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Figure 2. Effect of different phosphorus treatments combined with mycorrhizal inoculation on the leaf

chlorophyll a in rose ‘Dolce Vita’.
Different letters indicate significant differences at the 0.01 probability level according to the SNK multiple-range test.
(P = Phosphorus, KPhi = Potassium phosphite, KPho = Potassium phosphate, M1 = With mycorrhiza, M0 = Without mycorrhiza, F = Foliar
application, C = Nutrient solution).
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Figure 3. Effect of different phosphorus treatments combined with mycorrhizal inoculation on the leaf
chlorophyll b in rose ‘Dolce Vita’.

Different letters indicate significant differences at the 0.01 probability level according to the SNK multiple-range test.
(P = Phosphorus, KPhi = Potassium phosphite, KPho = Potassium phosphate, M1 = With mycorrhiza, MO = Without mycorrhiza, F = Foliar
application, C = Nutrient solution).

95 ol o “ (plas
Gl s (CasoKPhiF(%4)soKPhi+sonK PhoM,
e 00l S jland 09 b )led ples 5l Giow JST 89,15
b asolie ;o S Jdo)lS Oliee s 0ln VIOV (aljl &

(F JS8) o anls

\-.

5 dasls
S les slod aS slo las bools 1Kl dusin gl
S [ J5 39,15 lie eyl G935 59 (o 9590
750 oy 1 0550 Sl Lo (o il iuli8l aall 4
b delre + (2138 Jelome ;o il catnd wojs YO



VEO bl oF oyl ) F al> S (0,5 Slidzs

»
(G2 ]
1 )

w
w o~
1

=
BooN
1

Leaf total chlorophyll (mg/ g F.W.)
N
(6]

o
ol
1

S S S
S & & & K ¢
D S N S S SN

ROV AR RN SR

o\° o\° ol 9l N Q

\QQ \QQ \QQ R &
OO R \
«z@%

il it Gy g dndgd 03 5y 5 50 S IS g S (a2 325950 el b of o yhand ko sl jlous 3 -F UK
3le (S5 0sa3l b aoys ) Jlotol e 50 (5 5 sine
(Coalié Jolono F= 8ldslone MO=5 5580 (900 M1=3 59500 b KPHO =g elynlind KPhI =l cnind P = j0nd)
Figure 4. Effect of different phosphorus treatments combined with mycorrhizal inoculation on the leaf total

chlorophyll in rose ‘Dolce Vita’.
Different letters indicate significant differences at the 0.01 probability level according to the SNK multiple-range test.
(P = Phosphorus, KPhi = Potassium phosphite, KPho = Potassium phosphate, M1 = With mycorrhiza, M0 = Without mycorrhiza, F = Foliar
application, C = Nutrient solution).
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Figure 5. Effect of different phosphorus treatments combined with mycorrhizal inoculation on the leaf carotenoid

in rose ‘Dolce Vita’.
Different letters indicate significant differences at the 0.01 probability level according to the SNK multiple-range test.
(P = Phosphorus, KPhi = Potassium phosphite, KPho = Potassium phosphate, M1 = With mycorrhiza, M0 = Without mycorrhiza, F = Foliar
application, C = Nutrient solution).
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Table 8. Analysis of variance results for leaf element contents and root colonization in Rosa hybrida cv. Dolce
Vita as affected by phosphorus treatments and mycorrhizal inoculation

Mean squares

Source of df Leaf nitrogen Leaf phosphorus Leaf potassium Root colonization
variation

Treatment 16 0.099 ** 0.0063 ** 0.51* 237373 **
Error 51 0.0079 0.00041 0.072 29.99

CV (%) — 7.62 6.85 12.83 9.28

**: Significant at 1% probability level
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Figure 6. Effect of different phosphorus treatments combined with mycorrhizal inoculation on the leaf nitrogen
in rose ‘Dolce Vita’.

Different letters indicate significant differences at the 0.01 probability level according to the SNK multiple-range test.
(P = Phosphorus, KPhi = Potassium phosphite, KPho = Potassium phosphate, M1 = With mycorrhiza, MO = Without mycorrhiza, F = Foliar
application, C = Nutrient solution).
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Figure 7. Effect of different phosphorus treatments combined with mycorrhizal inoculation on the leaf

phosphorus in rose ‘Dolce Vita’.
Different letters indicate significant differences at the 0.01 probability level according to the SNK multiple-range test.

(P = Phosphorus, KPhi

= Potassium phosphite, KPho = Potassium phosphate, M 1

= With mycorrhiza, MO = Without mycorrhiza, F = Foliar

application, C = Nutrient solution).

Sad 8L sla,les b aS ol cnmlice walis o (ws )y
cslas 6)“56;-""‘ QsLb.'i (PoF1000,KPhiM;) P (PoFoM 1)
slo,les o (e, YIOA) )\..\.5.« Oyt FLY u>.ll.'> 5

3 (Ci00%KPhi FoM1)
Qo] Cawd 4 (Czs%KPhiF(1/2)50%KPhi+5o%KPhOM1 )
A JS5)

\-

oads o lad iy aS ol lid ool .Sl auslio
Loolyon olde Jolxe ;o pumliycotnd o0 YO los
el el iy i 0 (S 5 8l ol

RyPee C-JJ-’ 9
o |)3| e ‘(Czs%KPhiF(Vz)so%KPhi+5o%KPh0M1 )

VIOF) ool yl3ume (33 S 00l sty (glgizns



\f*& uLuw.ilA AY O)LQ.:J s\f A.l}

S 60,5 Sladss

Leaf potassium (%)

il it Gy g dndgd 08 5 JS 50 Sy ey, CABLE 2 5950 gl b o o yiand o sla Lo i - A JSCH
3le (S5 0se3l b aoys ) Jlotol e 50 (5 5 sine
(Coalié Jslone F= oilJslons MO=5 )5S0 (g0 M=50 56500 b KPHO —pslylinsd KPhi —esliycnind P = j00d)
Figure 8. Effect of different phosphorus treatments combined with mycorrhizal inoculation on the leaf potassium

in rose ‘Dolce Vita’.
Different letters indicate significant differences at the 0.01 probability level according to the SNK multiple-range test.
(P = Phosphorus, KPhi = Potassium phosphite, KPho = Potassium phosphate, M1 = With mycorrhiza, MO = Without mycorrhiza, F = Foliar
application, C = Nutrient solution).
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Figure 9. Effect of different phosphorus treatments combined with mycorrhizal inoculation on root colonization
in rose ‘Dolce Vita’.

Different letters indicate significant differences at the 0.01 probability level according to the SNK multiple-range test.
(P = Phosphorus, KPhi = Potassium phosphite, KPho = Potassium phosphate, M1 = With mycorrhiza, MO = Without mycorrhiza, F = Foliar
application, C = Nutrient solution).
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Figure 10. Representative image of rose roots in response to mycorrhizal inoculation.
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Figure 11. Pearson correlation plot of morphophysiological traits, leaf mineral contents and root colonization of

cut rose cv. Dolce Vita.
Elongated ellipses indicate strong correlations, while more circular ellipses represent weak correlations between the measured traits.
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Figure 13. Heatmap of morphophysiological traits and leaf mineral contents of cut rose cv. Dolce Vita under

different potassium phosphite and phosphate treatments with or without mycorrhiza.
Warm colors indicate higher values, while cool colors indicate lower values of the measured traits.
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