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4- Tilia cordata

5- Quercus robur

6- Acer pseudoplatanus
7- Acorus calamus

8- Asteraceae
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2- Fraxinus excelsior
3- Betula pendula
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Table 1- Some physical and chemical properties of soil

Sk cél 03954 iy S ons S PSI Clan
Soil texture N K C EC pH
(%) (%) (ppm) (%) (dS.m)
Sandy - clay —loam
C. 0.242 362.55 2.81 2.02 7.9
o8
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Table 2- ANOVA for the effect of UV radiation on some morphological traits of three Cornflowers cultivars

. o S a8lw
&lbe a3 e Job FERSRA Spdob  Spuse i S oSl Jgb
.. K Gy gl - Sy XV
pevey &3l Heiaht 2 5l Crown Leaf Leaf ’ ]
S O V DF g |ntern0de Diameter Iength Wldth Leaf FIOWer-lng
T area stem height
A 3 1219.410™ 0.294™ 4.359" 0.517m™ 0.584™ 6.573™ 803.450™
Error A 8 26.890 0.015 1.010 2.198 0.078 0.269 32.260
B 2 253.270™ 0.104" 1.881m™ 15.907™ 0.697™ 1.535" 71.470"
AxB 6 17.240™ 0.065" 2.064" 4,209 0.078" 0.647" 32.010m
Error B 15 32.150 0.017 0.043 1.985 0.043 0.166 13.100
C.V (%) - 5.511 7.811 9.707 6.081 8.274 12.520 7.262

(S me pae g 0o 3 0 g ) sl plaw )0 5 dxe i Sy g < (nabl 8 o5y x o8y blite (31 :AXB (8, B ¢ ianl 8 o5y A
A: UV radiation: B: Cultivar: AxB: interaction effect of UV xcultivar: **and *: significant at 1% and 5% of probability levels,
respectively, ": non-significant.
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Table 3- The effect of UV radiation on some morphological traits of Cornflower

13 o Wy gl aBgb ylas EJReges o J5 ailu Job
OV r;';ldie:ti(;n Height Crown Diameter Leaf width Flowering stem height
(cm) (mm) (cm) (cm)
0 115.8892 9.930b¢ 2.7202 61.4442
UV A 116.0832 9.799¢ 2.5802 47.166°
uUv B 100.333> 10.976% 2.121° 455550
uUv A+ UV B 92.000¢ 11.2132 2.429° 39.000°¢

B0 gy e M 2o p3 B Jlein] pdaws 13 LSD g0l bl oy 33 alie g > clyls (el pSlio
Means with similar letters in each column have no significant difference at the 5% of probability level based on the LSD test.
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Table 4- The effect of cultivar on some morphological traits of Cornflower

5 g gl SpJeb Spoe i J5 adlw Job
~) ) . . i
Cultivar Height Leaf length Leaf width Flowering stem height
(cm) (cm) (cm) (cm)
Kornblume pink 110.7292 21.407° 2.373° 46.208°
Kornblume rot 106.3332 23.553? 2.7378 47.583°
Kornblume blau 101.167° 23.491° 2.278° 51.083%

L5 gyl e BM 203 B Jlein! prdaws 13 LSD g0l Lololys ¢y 33 alie g > (gl (cla pSSlie
Means with similar letters in each column have no significant difference at the 5% of probability level based on the LSD test.
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Table 5- The interaction effect of ultraviolet radiation xcultivar on some morphological traits of Cornflower

Ak Jlog ) 2ske Jgb S e
L . Internode Leaf area
UV radiation Cultivar (cm) (cm?)
Kornblume pink 2.000° 4.0832
0 Kornblume rot 1.800bcd 4.3322
Kornblume blau 1.966° 4.7202
Kornblume pink 1.7755d 2.239bc
Uv A Kornblume rot 1.966° 2.826°
Kornblume blau 2.2332 4.1462
Kornblume pink 1.866° 2.611P¢
Uv B Kornblume rot 1.500¢ 2.781%%
Kornblume blau 1.8330¢ 2.386
Kornblume pink 1.500¢ 2.075¢
UV A+ UV B Kornblume rot 1.633cde 2.813b
Kornblume blau 1.6009% 2.7440

55 gy e M doys O Jlein pdaw 13 LSD 90l bl ¢y s 53 doliio Gy (sl slo ko

Means with similar letters in each column have no significant difference at the 5% of probability level based on the LSD test.
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3- Cynara scolymus
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1- Lactuca sativa L.
2- Capsicum annum
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Introduction: In the last decades, human activities have had adverse effects on the atmosphere and the
stratospheric ozone layer, resulting in an increase in the ultraviolet radiation on the ground, especially in highlands.
Among living organisms, plants are the most exposed to ultraviolet rays due to their high and unavoidable need to
light for photosynthesis, and are therefore more vulnerable to them. Plants show different responses to ambient
UV radiation. The response of plants to ultraviolet light is manifested in two general ways, including tolerating
the destructive effects of this radiation or/and avoiding it. The present study was conducted to evaluate the effect
of ultraviolet light on growth, morphological and phenological characteristics of three cornflower cultivars under
greenhouse conditions in 2018.

Materials and Methods: The experiment was performed as a split plot in a completely randomized design.
Ultraviolet light was considered as the first factor in four levels (including: control, ultraviolet —A radiation,
ultraviolet -B radiation and ultraviolet A + B radiations) and three cornflower cultivars (including: ‘Kornblume
pink’, ‘Kornblume rot’ and ‘Kornblume blau’) as the second factor. The UV treatment was applied by lamps made
by Q-Lab Co, USA. It should be noted that the 40-watt lamps used in this study were broadband and had the
highest compliance with ultraviolet B (in the case of UV-B lamps) and ultraviolet A (in the case of UV-A lamps)
received from the sun on the ground. So they provided the best possible simulation. During the growth period of
plants, phenological traits were recorded and morphological traits and biomass traits were measured at the end of
the experiment.

Results and Discussion: The results showed that UV-B radiation and simultaneous application of UV-A and
UV-B radiations resulted in the reduction of the most morphological traits and yield traits including plant height,
internode length, leaf width, leaf area, flowering stem length, plant fresh and dry weight, leaf dry weight, flower
dry weight and number of flowers. However, flower yield was not affected by ultraviolet radiations. UV-A
treatment reduced the flowering stem length and fresh and dry weight of plant in compared to the control treatment,
but it had no significant effect on plant height, leaf width, leaf dry weight, flower dry weight and number of
flowers. Plants response to ultraviolet radiation is very different. In many species, it has been observed that UV-
A does not have a negative effect on plant growth, while, UV-B reduced the growth and yield of plants. It seems
that the main reason for the reduction of plant growth and production is prevention of cell division caused by
ultraviolet radiation. Degradation of plant pigments (chlorophyll) is also one of the main reason of photosynthesis
decrease led to plant growth and yield reduction. The results of the present study showed that the application of
UV-A reduced the number of days until the emersion of the first flower bud and the number of days until the
opening of the first flower in cornflower cultivars compared to the control. UV-B treatment forced cornflowers to
earlier flowering than UV-A. However, the fastest entry into the reproductive and flowering phase of cornflower
cultivars was observed with the simultaneous application of UV-A and B radiations. Plants mechanisms against
environmental stresses mainly depend on their origin and genetic factors. These mechanisms include three main
strategies including “avoidance”, “tolerance” and “escaping”. One of the most important ways to reduce the life
cycle is early flowering. It seems that the process of early flowering and completing the growth in cornflower
species is a kind of stress escaping under ultraviolet radiation stress.

Conclusion: In this study, ultraviolet radiation reduced the growth and development of all three species of
cornflowers. However, UV-A treatment showed the least negative effect on flower yield of plants. On the contrary,
UV-B radiation and simultaneous application of UV-A and UV-B radiations reduced the growth and development
of cornflowers, but did not have any significant negative effect on the flower yield (as the main useable organ of
plant). Therefore, it seems that the ultraviolet radiation can be considered as a positive factor due to its positive
effects on the production of secondary metabolites and early flowering and lack of significant negative effects on
plant flower yield. Finally, ‘Kornblume pink’ cultivar, with higher flower yield and earlier flowering, is more
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suitable for cultivation than other cultivars.
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