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Extended abstract

Introduction

Oilseed rape (Brassica napus L.) is one of the most critical oilseed plants ranked third in oil production
after soybeans and palm. Drought stress, especially at the end of the growing season, is the most critical
environmental stress affecting the growth, development, and production of crop plants. The
development of practical strategies for increasing drought tolerance is crucial to sustaining crop
production, particularly in arid and semi-arid regions. The utilization of micronutrients such as
molybdenum is one of the best strategies to increase drought stress tolerance in plants. This
micronutrient is one of the most valuable and practical approaches for improving plant growth and plant
adaptation under drought-stress conditions. The present study aimed to investigate the effect of foliar
application of molybdenum oxide nanoparticles on the photosynthetic indices and biochemical traits in
oilseed rape under end-season drought stress conditions.

Materials and methods

To investigate the effect of molybdenum oxide nanoparticles on the photosynthetic indices, some
biochemical traits, and grain yield of winter oilseed rape under the end-season drought stress, a split-
plot experiment based on randomized complete block design (RCBD) was conducted with three
replications at a research farm station of the University of Mohaghegh Ardabili in 2018-2019. The
experimental treatments included irrigation (regular irrigation until the end of the season (control) and
omitting irrigation from the flowering stage) as the main plots and molybdenum oxide nanoparticles
foliar application (0 (control), 25, and 50 mg.Lt) as sub-plots. Drought stress was applied through
irrigation stopping at the flowering stage (50% flowering). One week after the second spraying, the
chlorophyll fluorescence including minimum fluorescence (Fo), maximum fluorescence (Fm), variable
fluorescence (Fv), and maximum quantum efficiency of photosystem II (Fv/Fm) was measured.
Furthermore, chlorophyll pigments (chlorophyll a, chlorophyll b, and total chlorophyll), carotenoid, and
proline content, and the activity of antioxidant enzymes (peroxidase and catalase) were measured in the
leaf samples of treated and control plants. Analysis of variance and comparison of means was carried
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out using SAS 9.1 software. The means were compared using Duncan’s Multiple Range (DMRT) tests at
the 5% probability level.

Results and discussion

The results showed that irrigation and foliar application of molybdenum oxide nanoparticles treatment
significantly influenced the photosynthetic and biochemical properties of winter oilseed rape.
Furthermore, Fo, Fv/Fm, proline content, and grain yield were significantly influenced by irrigation x
molybdenum oxide nanoparticles interaction. The end-season drought stress significantly decreased the
chlorophyll a, b, and total chlorophyll, carotenoid, Fm, Fv, Fv/Fn, and grain yield and increased Fo, the
activity of peroxidase and catalase enzymes, and the proline content in winter oilseed rape leave.
Chlorophyll pigments, Fm, Fv, Fv/Fm, proline content, and peroxidase and catalase enzyme activity in
oilseed rape leaves were increased with the application of different concentrations of molybdenum oxide
nanoparticles. Foliar spraying with 25 mg.l* molybdenum oxide nanoparticles caused a significant
increase in the content of the photosynthetic pigment, including chlorophyll a, b, total chlorophyll, and
carotenoid content (about 25.81, 24.88, 25.57, and 17.78 present, respectively) as compared to the
control treatment. Under regular irrigation and drought stress conditions, molybdenum oxide
nanoparticles improved the maximum quantum efficiency of photosystem II and grain yield by
decreasing the Fo (about 11.37%) and increasing the Fv (about 7.22%). The highest activity of the catalase
and peroxidase enzymes was obtained with the application of 25 mg.l* molybdenum oxide
nanoparticles, which was significantly higher than that of the control. Under drought stress conditions,
proline content in the foliar sprayed plants with 25 and 50 mg.l"* of molybdenum oxide nanoparticles
was significantly higher than that of the control plants.

Conclusion

The results of the present study showed that end-season drought stress significantly reduced the
photosynthetic pigments and chlorophyll fluorescence including Fu, Fv, and Fu/Fv, and increased Fo in
oilseed rape plants. Molybdenum oxide nanoparticle reduces oxidative damage of drought stress, by
improving the enzymatic (activity of catalase and peroxidase enzymes) and non-enzymatic (metabolites)
antioxidant systems. Furthermore, molybdenum oxide nanoparticles increased the content of the
photosynthetic pigment and decreased the minimum fluorescence (Fo) of chlorophyll under drought
stress, which ultimately significantly increase the maximum quantum efficiency of photosystem II.
Generally, although the foliar application of different concentrations of molybdenum oxide
nanoparticles reduced the damage caused by the end-season drought stress oilseed rape, the highest
increase in the photosynthetic and biochemical traits was obtained with 25 mg.l"* molybdenum oxide
nanoparticles. Therefore, the application of 25 mg.L-* molybdenum oxide nanoparticles on oilseed rape
plants can be used for reducing the destructive effects of drought stress and increasing crop tolerance to
end-season drought stress.
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Table 1. Physical and chemical characteristics of the farm soil
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Table 2. Analysis of variance of the effects of irrigation and molybdenum oxide nanoparticles (Nano-MoQs3) treatments
on chlorophyll a, chlorophyll b, total chlorophyll and carotenoid of oilseed rape leaves
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st a Judg,ls b Judg s Total Agidg,ls
5.0.V ©olm® @b gf  Chlorophylla  Chlorophyllb  chlorophyll Carotenoid
Block el 2 0.0028 0.015 0.031 0.025
Irrigation (I) Wl 1 4,128 0.551"" 7.696™ 0.524™
Error a ol sz 2 0.055 0.0028 0.082 0.025
Nano-MoO3 O 90 B 1936 2 0.378™ 0.103" 0.875™ 0.194™
IxNano-MoO3 oo go x 5yl 2 0.077™ 0.007m 0.109™ 0.064 ™
Error b <2 slbs 8 0.018 0.018 0.054 0.019
CV (%) Ol g o 6.35 11.57 7.07 7.61
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* ** and ns: significant at a probability level of 5% and 1% and non-significant, respectively
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Table 3. Mean comparison of chlorophyll a, b, total chlorophyll and Carotenoid content of oilseed rape leaves
under irrigation and molybdenum oxide nanoparticles (Nano-MoQs3) treatments

Lole 2 fudg,ls b Judg s 5 by s g gyls
Treatments Chlorophylla  Chlorophyllb  Total chlorophyll Carotenoid
mg g Fw
Normal irrigation JolS' 55kl 2.602* 1.352¢2 3.954¢2 1.997 ¢
Drought stress ShS s 1.644° 1.002° 2.646° 1.656°
LSD 0.476 0.107 0.584 0.320
L 9060 1053 2.960 1728
Control
Orelge gl Sl 22 o YO 5 30,0 1.315° 3.717° 2,035
25 mg.L! Nano-MoO3
Orelge Il 2 2 p S sheo b g5 1.163 3.228" 1718
50 mg.L"! Nano-MoO3
LSD 0.176 0.181 0.310 0.185
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In each column, means 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 effects of irrigation and molybdenum oxide nanoparticles (Nano-MoO3) treatments
on chlorophyll fluorescence, the antioxidant enzymes activity, and grain yield of winter oilseed rape.
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sob! ageS e o il gld I s 923
5.0.V Olpdi gl gy Fo Fm F Fu/Fun
Block Sebb 2 6.16 58.722 33.722 6x10°¢
Irrigation (I) sl 1 587" 18304.2* 25387.5™ 33x10*
Error a ol gl 2 22.16 364.05 540.72 88x10°
Nano-MoOs Oodge daSTgil 2 220.5™ 2145.7" 3725.72™ 7x10°6*
Nano-MoOsx I uadsox gkl 2 67.16" 79.388™ 276.38™ 2x10#*
Error b A bs 8 13.01 109.63 162.38 37x10°
CV (%) O S g i 2.34 12.3 1.83 7.4
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* **_and ns: significant at a probability level of 5%, 1%, and non-significant, respectively.
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Fig. 1. The effects of irrigation and molybdenum oxide nanoparticles treatment on initial fluorescence (Fo) (a) and
maximum quantum yield of photosystem II (b) of winter oilseed rape leaves
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Table 5. Mean comparison of maximum fluorescence (Fm) and variable fluorescence
(Fv) of oilseed rape leaves affected by irrigation and molybdenum oxide nanoparticles

(Nano-MoOs3) treatments

Lol aulion milygld gerio (il y ol
Treatments Fm Fy
o8 st 880.66 * 73267
Normal irrigation
el 816.8" 657.65"
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LSD (5%) 38.7 47.65
el 827.5" 667.3"
Control
O g0 dnSTg5l i j0 035 o YO 863.66 2 71554
25 mg.I"! Nano-MoO3
Ol g0 danS 1950 i 58 0 55 o B+ 855.16 2 702.5 @
50 mg.I"! Nano-MoO3
LSD (5%) 13.94 16.96
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In each column, means followed by the same letter are not significantly different at the 5%

probability level
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Table 6. Analysis of variance of effects of irrigation and molybdenum oxide nanoparticles (Nano-MoO3) treatments on
the antioxidant enzymes activity and grain yield of winter oilseed rape.
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s e &3 Catalas? enzyme Peroxida.s enzyme Proline Grain yield
S.0.V Ol s 29 df activity activity content
Block Sels 2 5.429 1.664 95x10°8 6504.1
Irrigation (I) sl 1 1289.3™ 155.29™ 17x104 80264™
Error a Lol gl 2 11.91 5.511 14x107 665.16
Nano-MoO3 Ol go dansSTgil 2 30.75" 33.351™ 3x10-5" 10667
Nano-MoOsx I gadgex sylel 2 0.276" 2.105" 11x10°6™ 120060"
Error b SRk 8 5.786 2.682 47x1078 20707
CV (%) Ol ot g g 15.05 11.36 4.88 6.22
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* ** and ns: significant at a probability level of 5%, 1%, and non-significant, respectively
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Table 7. Mean comparison of activity of catalase and peroxidase enzymes of oilseed rape
leaves affected by irrigation and molybdenum oxide nanoparticles (Nano-MoQ3) treatments

Bylesd YU o 3T collad STy 1 357 e
Treatments Catalase enzyme activity Peroxidase enzyme activity
unit/mg protein unit/mg protein
Normal irrigation o5 5Ll 751" 11.47°
Drought stress (S S 24432 17.31*
LSD (5%) 7.002 4.76
— 13.52° 12.19°
Control
sy 90 SIS 1950 §
Ol 0SS 1530 il 50 0,5 (Lo YO 17.99 @ 16.88 2
25 mg.L! Nano-MoO3
sy 90 donS 1930 § .
ol g0 S 19l i 50 0,5 Lo O 16.39 ab 14.14 b
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LSD (5%) 3.206 2.18
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In each column, means followed by the same letter are not significantly different at the 5%
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Fig. 2. The effects of irrigation and molybdenum oxide nanoparticles on proline content (a) and grain yield (b) of winter

oilseed rape leaves
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