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Background and Objectives: Increase in ultraviolet radiation (UV),
especially UV-B, as one of the consequences of climate change, can
disrupt the growth of plants. UV light influences plant growth and
metabolism. Various studies have shown that increasing in UV-B can
have detrimental effects on physiological processes and overall growth of
some plants. The use of exogenous plant growth regulators has mostly
been effective in reducing the effects of environmental stresses in plants.
The present study was conducted to investigate the effect of UV-A and
UV-B and foliar application of melatonin and ascorbic acid (ASC) on
growth, biomass and morphological and stomatal characteristics of
fenugreek in 20109.

Materials and Methods: The experiment was performed as a split plot in
a completely randomized design in the research greenhouses of the
Faculty of Agriculture and Natural Resources, Lorestan University.
Ultraviolet radiation was considered in four levels as the first factor
(including: control, UV-A, UV-B and UV-A+UV-B) and application of
osmolytes was used in four levels (Control, melatonin, ASC and
melatonin+ ASC) as the second factor. Finally, plant height, plant width,
number of leaves, leaflet length and width, petiole length, crown
diameter, plant fresh weight, plant dry weight, leaf fresh weight, number
of internodes, number of lateral branches, stomatal gurad cell length and
width, stomatal index, stomatal density, chlorophyll and carotenoid
contents were measured. The data obtained from the experiment was
analyzed using Minitab software. Also, mean comparison was performed
using LSD test method at 0.05.

Results: The results showed that UV-A increased fresh leaf weight,
crown diameter, leafstalk length, leaflet length and width, plant height and
width, plant fresh weight (12.17%), plant dry weight, number of
internodes and content of chlorophyll a (7.4%) and chlorophyll b (3.5%),
but reduced the number of lateral branches (15.63%). In contrast, UV-B
and UVA+UVB treatments reduced most of the studied traits including
plant height (8.09%), leaflet length and width, leafstalk length,
chlorophyll a, chlorophyll b, total chlorophyll, plant fresh and dry weight
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and leaf fresh weight. However, carotenoid content, the number of lateral
branches (6.58%) and stomatal index (11.4%) were increased by UV-B
and UV-A+UV-B. Application of ASC and melatonin reduced the
negative effects of UV-B on fenugreek. In control and UV-A treatments,
ASC foliar application had shown the best effects on the studied traits and
the highest plant height, number of lateral branches, number of leaves,
leaf length and width, chlorophyll, carotenoids, and stomatal index and
density were observed in this treatment. While, simultantious application
of melatonin and ASC led to the best results under UV-B and UVA+B
treatments. Therefore, it can be concluded that the synergistic effect of
these two compounds in modulating the effects of ultraviolet stress on
fenugreek was remarkable.

Conclusion: In the present study, UV-B radiation and simultaneous
radiation of UV-A and UV-B reduced the growth and development
of fenugreek. In contrast, UV-A treatment improved vyield and
morphological characteristics of the plant. In addition, foliar application
of melatonin and ascorbic acid modulated morphological destruction and
growth indices caused by ultraviolet-B treatment.
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Table 1. Analysis of variance of the effect of UV radiation and foliar application of osmolytes on morphological
traits and biomass of fenugreek.
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Fig. 1. Eeffect of foliar application of osmolytes on leaf fresh weight of fenugreek.
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Table 3. Mean comparison of the interaction effects of UV radiation and foliar application of osmolytes on
morphological traits and biomass of fenugreek.

UV radiation "SS5 S e sk oS s oS Jdsb S gl
Osmolytes Petiole length (mm) Leaflet width (mm)  Number of leaves  Plant height (Cm)
Control 27.11¢ 16.3030cdef 17.32% 26.87°1
Ascorbic acid 32.80° 17.31® 18.63% 30.50™
Control .

Melatonin 29.71> 17.02% 21.53® 29.83>

ASC+MT 28.31° 15.88%f 17.17% 27.97°%f

Control 30.06*° 16.64%0ce 16.20° 29.90

Ascorbic acid 30.52% 15,92bedef 23.19° 33.19°

UVA )

Melatonin 30.44% 17.35° 17.57% 27.83%f

ASC+MT 30.80% 17.20%° 17.93% 32.13%

Control 24.20° 14.04° 17.30% 24.819

Ascorbic acid 27.59% 16.4320cdef 17.40% 27.00°%

UVB H bed f Nl
Melatonin 28.91% 15.30°¢ 16.43° 26.20"

ASC+MT 30.01%¢ 15.61% 18.60% 27.83%f

Control 28.93% 15,9ge0edef 18.80% 29.07°%%

Ascorbic acid 27.93™ 15.07% 15.93¢ 28.57%f

UVA+UVB ) e e . .
Melatonin 29.56™ 16.58%¢ 16.97% 26.80%9

ASC+MT 30.03"* 17.19% 20.03" 26.97°0

I (Sl e M| s y3 0 Jlez mla 53 LSD 0 ge5T el s 58 3wl G sl sla o Sole
* Values within the same column followed by the same letter are not significantly different at the 5% probability level.

-y J}.\q' aalsl

Continue Table 3.

UV radiati oS JudsS S 5 S A0l SOkl sl sl b
raciation Osmolytes Plant fresh weight (gr) V\Z{Z}nﬁtd(g) Iatglr::nbbrz;cc);es Crow?mdrina)meter
Control 4.11°0 6.17% 2.77™ 1.74%%
Control Ascorbic acid 5.66% 8.15 2.73" 2.69
Melatonin 6.47° 10.19% 2.60* 1.90°®
ASC+MT 4.20°1 6.51°%% 1.63 1.89%%
Control 4.10°% 6.80%% 1.53 2.03
UVA Ascorbic acid 6.05%® 10.822 2.97® 2.06"™
Melatonin 5.133cde 8.63%° 1.93%f 2.07°
ASC+MT 47300t 8.54™ 1.77° 2.020
Control 3.38¢ 5.34° 2.18%f 1.76>%
Ascorbic acid 4,33%f 6.98% 2.40% 1.70%%
uve Melatonin 3.42% 5.49° 2.17°%%f 1.86%%
ASC+MT 4.00°0 7.46% 3,637 1.89°®
Control 4,715 6.80%% 2.70™ 1.59¢
UVA+UVB Ascorbic acid 4,030 557 1.80° 1.73®
Melatonin 4,34%f0 6.43v¢ 257 1.65%
ASC+MT 5.96%* 8.41"¢ 2.90° 1.68%¢

A (gl e BV 1o 0 Jlez| a5 LSD Oe3l ool gt a3 alie g shls sla ke ™
* Values within the same column followed by the same letter are not significantly different at the 5% probability level.
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Table 4. Analysis of variance of the effect of UV radiation and foliar application of osmolytes on stomatal
characteristics and pigments of fenugreek.

Sla e S0k
N e Means of Square
?/Zl;i;(:t?o%f = €, bdlwe Jyke 5,0 5y bdlews Jshe Jsb S, perls Sl SIS
df Stomatal guard cell width Stomatal guard cell length Stomatal index Stomatal density
(um) (um) (%) (mm?)
A 3 2.85™ 5.25™ 18.12** 747.83*%*
A Error 8 6.16 3.94 111 5.00
B 3 32.21** 18.92** 2.65™ 356.99**
AB 9 39.21%* 15.91** 8.46%* 221.83*
B Error 24 491 3.15 2.82 77.43

OJ..QJJJ.Q QL,S}.: L;.»L-lem_; W.L_vb_% sz_v/.v J;LA.\.AJ.:. :AB c.L,SJ;.Lu uL.SJ.» mbdjlm B w:....!).e 6};/.')L°.q A

Lt \;‘;Mf;\;r.l:«}.r\.p)>0J-Lp)>\c]a.~)_ )\}JMQMQQL«JWJJMSL%L%»:

A: UV radiation¢ B: foliar application of osmolites; AB: interaction effect of UV and foliar application of osmolites
** * " show significant differences at 1% and 5% levels and no significant difference, respectively

-¥ J}.\q' aalsl

Continue Table 4.

Sl e Sk
Sl e PRI Means of Square
Source of df o ] -
variation s s < Jbss <ol s A5 55,8
Chlorophyll a Chlorophyll b Chlorophyll a+b Carotenoid
A 3 12.52** 4.07** 30.53** 1.18**
A Error 8 0.35 0.52 0.97 0.11
B 3 11.88** 3.13** 25.58** 0.70*
AB 9 3.50** 0.78** 6.48** 0.38™
B Error 24 1.10 0.18 1.39 0.24

AJWSJJ.,L’U ULS): u“"L’J)J""‘JJ““’““)ﬁ Lsfj J;Lw):i :AB cJ..SJ;JJu uL\SJJ ‘;ALJ}J-W‘ B . y..a.u‘)ﬁ d}‘j )Lo.u A

M)\s‘_;mﬁb ple 5 Ao 30 5ty ) claﬁ)skgjlswa.wuqlm.w,.m P

A: UV radiation¢ B: foliar application of osmolites; AB: interaction effect of UV and foliar application of osmolites
** * ™ show significant differences at 1% and 5% levels and no significant difference, respectively
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Fig. 2. Eeffect of UV radiation on carotenoid of fenugreek.
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Fig. 3. Eeffect of foliar application of osmolytes on carotenoid of fenugreek.
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Table 5. Mean comparison of the interaction effects of UV radiation and foliar application of osmolite on
stomatal characteristics and pigments of fenugreek.

bS5

o slasas oS5 slas, el @35y Bl Jsho 50 s, Bl Jsle I b
UV radiation oS Jydas Stomatal density ~ Stomatal index Stomatal guard cell Stomatal guard cell

Osmolytes (mm?) (%) width (um) length (um)
Control 58.33 17.77° 39.81° 51.41%®
Ascorbic acid 69.16% 18.68" 43,34 52.82%
Control . b et wh b
Melatonin 84.33%° 20.34°%f 39.15% 52.28°
ASC+MT 75.33% 20.4651 44.89%* 49.62>
Control 62.500°" 20,970 46.28%° 53.36°
Ascorbic acid 76.00% 21.150¢0f 43.35%% 52.54%

UVA i
Melatonin 71.67%% 20,890 40.83%0 52.20®
ASC+MT 68.67% 19.16%9 38.229" 51.37®
Control 76.33%¢ 22.75%¢ 45.82% 53.59°
Ascorbic acid 73.00%f 19.21°9 41,9110 52.77%
UVB H def defi b
Melatonin 67.83% 19.72%% 48.03% 52.07%
ASC+MT 95.00°% 24.38° 35.95" 45.12¢
Control 78.00° 21.81%c 42,6300 52.19®
Ascorbic acid 94.00° 23.25% 41.09%f0 50.66°
UVA+UVB ) \ et o

Melatonin 91.17% 21.21°€ 43,94 48.32°
ASC+MT 86.00° 22.23" 40.51%% 53.11°

AL (gl e M 1o 5 0 Sz a5 LSD O3l ool st a3 alie Gy ghls gla Sl ™
* Values within the same column followed by the same letter are not significantly different at the 5% probability level.

-0 J}.\q' aalsl
Continue Table 5.
oS Lo oS 5 T Ls ; T L
UV radiation S e LS J2sSs St ol d2ak
Osmolytes Chlorophyll a Chlorophyll b Chlorophyll a+b
Control 8.23%1 4.08% 12.31°%
Ascorbic acid 11.64% 5.12? 16.76%®
Control ]
Melatonin 9.97Pede 439 14.20%
ASC+MT 10.512< 4,34 14.86"
Control 9.65%f 433" 13.98%"
UVA Ascorbic acid 12.10° 5.27% 17.38°
Melatonin 11.11%¢ 5.15° 16.26%*
ASC+MT 10.47% 3,820 14.29%
Control 8.50°f 3.64%f 12.14%
UVB Ascorbic acid 11.14%° 4.86% 16.01%°
Melatonin 6.539 2.679 9.19"
ASC+MT 10.31 3.54% 13.85%F
Control 7.99 2.709 10.69%"
Ascorbic acid 8.47% 4.,0304f 12.50°%%
UVA+UVB )
Melatonin 8.86%f 3.35% 12.21%
ASC+MT 8.78%f 3,775 12.55%9

A (gl e BV 1o 0 Jlez| a5 LSD Oe3l ool gt a3 alie Gg o shls sla ke ™
* Values within the same column followed by the same letter are not significantly different at the 5% probability level.
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