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Table 1- Analysis of variance on some traits of two canola cultivars as affected by irrigation, carbon dioxide and ultra violet treatments.
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Table 2- Main effects of cultivar, irrigation, carbon dioxide and ultra violet treatments as well as triple interaction between irrigation,
carbon dioxide and ultra violet treatments.
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*8 > 3 3 3
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@6‘?' w5 258.61a 19.08a 249b  2482.14b < 1082.23b 0.826a 0.648a 0.411a
api
b b 251.66b 16.94b 2.80a 2785.22a 1249.31a 0.806a 0.640a 0.413a
Talaye

Jey sl 277.75.2 21.11a 322a  29586la  1186.95a 0.747b 0.530b 0.454a

Normal irrigation
O 232.52b 14.91b 2.06b 2308750  1144.50a 0.885 0.758a 0.369h

Water stress

U‘;d Mzioo s 257.75a 18.08a 2.41b 2474140  1057.73b 0.806a 0.623a 0.398b
U‘;d méoo s 252.52b 17.94a 2.88a 279322a  12738la 0.826a 0.655a 0.426a
WUV'A)S 288.50a 24.58a 3.25a 2950582 1468.77a 0579 0.247¢ 0.499a
ﬁg 252.41b 17.75b 251b 2612040  1190.19b 0.892b 0.725b 0.430b
WUVIC)ZS 224.50¢ 11.70¢ 2.17¢ 2338.42¢ 838.35¢ 0.976a 0.961a 0.307¢
ir* d400* UV A 317:50a 27.16a 3.41b 3006.80b  1404.32bc 0.416f 0.105f 0.550a
ir* d400* UV B 267.66¢ 22.00b 321b  279320cd  1058.54g 0.891cd 0.728d 0.441c
ir* d400* UV C 244.66de 15.00¢ 27lcd  263L70de  822.89i 0.850d 0.628d 0.333¢
ir* d900* UV A 316.16a 27.66a 3.96a 3568.30a  1680.05a 0.486f 0.123f 0573a
ir* d900* UV B 284.50b 21.00b 3230 2905.30bc  1214.60de 0.966¢d 0.660d 0.491b
ir* d900* UV C 236.00e 13.83¢ 28lc  2756.30cd  941.27h 0.970abc 0.940bc 0.338¢
i2* d400* UV A 2665.16¢ 21.16b 235de  2479.00ef  1299.96cd 0.731e 0.405¢ 0.435¢
i,* d400* UV B 235.00rf 14.33¢ 1.43g 223350g  1140.80ef 0.923bcd 0.805¢d 0.368d
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i,* d900* UV C 200.83h 9.16d 1.81f 2355009  969.38gh 1.06a 1.20a 0.296f
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Values in each column followed by similar letters are not significantly different at 5% probability level, using Duncan’s Multiple Range Test.
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Table 3- Specific values and vectors as well as coefficient of each trait in the first and second component.

wlae Jol 4dlge pgd adlgo
Traits Prinl Prin2
gy 58 e olas 0.044 -0.001
Pod number per plant
a5 53 s Sl 0.007 0.004
Seed number per pod
als 5 03 0.001 -0.0008
1000-seed weight
alo o,Sl.or.- 0.88 -0.46
Seed yield
OE9) 98kes 0.46 0.89
Oil yield
S gigs o -0.0002 -0.0003
Flavonoid
Ol (g2
- -0.0004 -0.0005
Anthocyanin
JeboslS il 5l 0.0001 0.0001
Chlorophyll fluorescence
o5y polie 335368.7 34757.7
Eigen value
(00,2) Zupd 90 9.4
Proportion(%)
ol adlgo g su g S eyl Wlhs (Swsod oo —-F Jouo
Table 4- Correlation coefficient of studied traits and main components.
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Seed yield
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Fig. 1- The first and second components.
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Introduction: Drought, UV radiation and increased carbon dioxide concentrations are the most important abiotic
stress factors threatening human food security. In the recent decades, several studies have been carried out for
understanding the individual effect of each of these factors on crop growth and production. However, there is no
comprehensive study encompassing the interaction between these factors on qualitative and quantitative traits of
canola. Accordingly, an experiment was conducted to evaluate the role of irrigation levels, CO, concentration levels
and ultraviolet levels on two autumn cultivars of canola.

Material and methods: the experiment was carried out as a Randomized Complete Block Design with a Factorial
arrangement with three replications in 2013. The factors in this study included the two cultivars ‘Okapi’ and
‘Talaye’ and the irrigation strategy had two levels: normal irrigation as the control and drought stress from the
flowering stage to physiological maturity (irrigation on base 60 percent of field capacity). CO2 concentration was
allotted at two levels, namely ambient (400 pmol molt) and enriched (900 umol mol?) carbon dioxide (CO,)
concentrations and ultraviolet radiation at three levels as follows: ultraviolet-A radiation (18uWcm2 intensity),
ultraviolet-B radiation (25uWcm intensity) and ultraviolet-C radiation (40uWcm intensity) respectively. In this
study, the number of pods per plant, number of grains per pod, one thousand grain weight, grain yield and oil yield,
flavonoid pigment, anthocyanin pigment and fluorescence were all determined.

Results and discussion: The results showed that irrigation strategy significantly affected all the studied traits except
for oil yield. Water stress significantly decreased the number of siliques per plant, number of seeds per silique,
1000-seed weight, the final yield and fluorescence but increased flavonoid and anthocyanin pigments. An increase
in the CO, level was not significant on siligue number per plant, flavonoid and anthocyanin content but it
significantly increased seed weight, final yield, oil yield and fluorescence in plants. The effect of UV radiation was
significant on all studied traits, and UV radiation decreased all of the traits in this experiment except for flavonoid
and anthocyanin pigments. Triple interaction between experimental factors was significant on seed yield and oil
yield at 0.01 and 0.05 probability levels, respectively. Comparison of means indicated that either under full
irrigation conditions or water stress conditions the maximum seed yield was related to 900 ppm CO; and UVA
treatment.

Conclusion: Overall, elevated CO, could ameliorate the adverse effects of UV radiation in 1000-seed weight, the
final yield, oil yield and fluorescence and improve these traits.
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