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Table 1- Physical and chemical properties of the farm soil at a depth of 30 cm

S b S o e ke el OO il il
Soil Sand Silt Clay N (ppm)  P(ppm) K (ppm) Organic H EC (ds/m)

texture (%) (%) (%) PP PP PP carbon p

S 30.8 537 155 0.06 11.83 202.5 0.44 7.9 2.68

(Silt-

1S olowdign g o)y Slao p pgidugl g Gadse ansSTyl ‘LS)L:-?—‘ syl 36 Guibly 450 =Y Jgue
Table 2- Analysis of variance the effects of irrigation, molybdenum oxide and selenium
nanoparticles treatments on agronomic and biochemical traits of oilseed rape

. AL slaxy Slaxy o &ilo oluws . S Slos
u';.u.u CJLLO a0 Agy el.a}ﬂ . ] . ) . als )|}§ OJ9 ”
SOV sl Bush = il o*F” 1000-seed “
UV df height Number of ~ Podsper  Grains per weight Seed
branches plant pod yield
Block) os'sby 2 2.907 0.4146 13.008 0.9812 0.0037 973.38
Irrigation (1) &, 1 929.1™  105.84™ 5387 359.34™ 403" 4238081
Error a Lol glbs 2 10.27 1.721 9.626 9.797 0.027 18692.01
Nanoparticles wl,3 gt 8 260.03™  6.232"° 14462  38.685™ 0.217"  387656™
X NPl g3t x g )bl 8 11.89" 0.421" 31.905™ 8.635"™ 0.059" 68511
Errorb e 6 glbs 32 7.44 1.337 9.195 4,779 0.022 6917.97
(%) C.V. &l yuis o 3 - 6.8 13.21 8.15 9.49 4.06 4.47

BBl oo I Fae pnf 5 oy SO o0 iy Jlaisl e (o (55le pixe i 4 INS g
*, ** and ns are significant at a probability level of 5%, 1% and non-significant, respectively.

Y Jous axlsl
Table 2- Continued

o oy OO w351 Cadlad w31 Cadlad s-*os’fo e wslyine
Ot 2ol @sl5i &ls el oS WP Proline
S.0.V. of Seed Catalase Peroxidas MDA content
oil enzyme enzyme
Block) <s'sb 2 2.388 0.6664 50.477 0.00133 0.00000032
Irrigation (1) sk 1 59.51" 32958 12295 0.3627 0.006416 ™
Error a Lol slbs 2 3.610 9.911 6.132 0.000743 0.0000036
Nanoparticles «l,3 4t 8 7.523" 3187 655.5 0.4612 ™ 0.00004 ™
Ix NP3 gt x g5kl 8  1.835m™ 40.98 ™ 35.354 ** 0.00162™  0.000022 ™
Errorb 5 glbs 32 1.22 3.810 4532 0.000854 0.0000030
(%) C.V. &l yuis sy - 2.78 8.13 7.79 5.28 1.79

Al e S sire sl 5 o )0 SO o) gy Jlio ] s j ()l pre S A INS g s e
*, ** and ns are significant at a probability level of 5%, 1% and non-significant, respectively.



oler SIS oleordisn 9 £ly5 Gl Sy (T2 2 Oddae 9 porile SIS g Glejen 0I5 LG - ) Sen g jn cat, V¥ I

ol 8 5lle lime g Als (g conum yo5 40 Al dlaws o 8 Al slawd g gl )] Sile duslio —F Jou

LIS 50 Gadge 90aST5l 5 poatbugil (s lol slajlos pibicos

Table 3- Mean comparison of Bush height, Number of branches, Seeds per pod, Seed oil and
MDA affected by irrigation and selenium and molybdenum oxide nanoparticles of oilseed

rape
£l asLs olaws 50 @10 dlawy
B Lo . £ RIS als e, apdll 68 oylle
- N i Seed oil MDA
Treatments Bush  Numberof  Seeds per (%) (umol g Fw)
height
branches pod
Jyoms ol 1055 10.14° 2561 40.80° 0.47120
Normal irrigation
Caaad 9751°  7.34° 2045°  38.70° 0.63512
Drought stress
(she) wals 89.18¢  6.83° 19.45¢  37.92¢ 0.7204°
Control (0)
O gocnS ol i 50 0,8 no YO
25(mg I+ molybdenum nanooxide (Nano- ~ 97.16° 8.30™ 23.03 39.30¢d 0.5784¢
Mo)
O goumSTgil i 55 0,5 no B . ) , .
50(mg 1Y) molybdenum nanooxide (Nano- ~ 97.70° 8.65 19.35 38.77% 0.6161%
Mo)
Pyl sl 52 15 oo T 9830 7.3 22110 39,76 0.6096"
25(mg IY) Nanoselenium (Nano- Se)
Pyl 2l 52 5 oo 80 1054° 9,05 2411 4042 0.5086%
50(mg I'Y) Nanoselenium (Nano- Se)
P oo YO + pouilugl il 50 0,5 (Aro VO
OV FPVUNC{ P A 106.2 b 9.2 2417 40.83% 0.4978¢
25(mg 1Y) Nano- Se + 25(mg I-*) Nano-Mo
2 )5 o O +pgridwgl il j0 0,5 (Jro YO
ot yid 1038°  9.07% 2333 40.25%° 0.5365¢
25(mg 1Y) Nano- Se + 50(mg I-*) Nano-Mo
20 P55 V0 +pguidugil yid 50 0,5 Lo B+
el goisnSTl i 1106% 1053 26.93? 4151° 0.4301°
50(mg I'Y) Nano- Se + 25(mg I'Y) Nano-Mo
2 eSSk b +pguidugil yid )5 0,5 (uo
G godnSTeil yicd 106.5° 9.202 25.13% 39.07¢de 0.4806°

50(mg I'Y) Nano- Se + 25(mg I'Y) Nano-Mo

Dl e 9o ys O Jleil gl 50 5Sils ygejl bl s o e S saims lts gt o p0 Sglite g >
The different letters in each column indicate a significant difference by the Duncan test at the 5% level.
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Table 4- Comparison of average irrigation and foliar application of nanoselenium and
molybdenum nanooxide treatments on the pods per plant, 1000 Seed weight, Seed yield,
Catalase enzyme activity, Peroxidas enzyme activity and praline

Ol FUL A Jslre olasi L8 059 oSdes milcalled il colled

Application nanoparticles ozt (@l RPTR V6L ST, o

okl mg.L* Wy 1000- &g Catalase Peroxidas  Praline
irrigation w51 iU poele 6 podsper Seed  Seed activity activity  (ug/gDW)

Olgo nano plant  weight yield per unit/mg) unit/mg )
nano oxide  selenium (@) plant(g)) (protein (protein

0 0 88.99 3.710d  2084.6f 9.33 12.36K 0.00408¢

25 0 108.56¢ 3.94% 27872 13.231 15.764 0.0055¢

bl 50 0 100.51F  3.93% 2217.6%f  10.78k 13.89% 0.0047¢
Jsoze 0 25 115.6°  3.823c 2292 3¢ 13.351 19.031 0.00456¢
Normal 0 50 129.61°  3.92% 24736 16.28N 27.1% 0.00489¢
irrigation 25 25 127.43°  4.01* 2599.6°  17.49" 24.96"  0.00642°
50 25 119.83¢ 3.97% 2356.3%  21.021 21.16M 0.00470¢
25 50 144312 4.08* 2830.32 23.65° 37.32¢ 0.00585¢
50 50 124.93 3.94% 2500.6"  20.52% 31.31¢ 0.00649¢
0 0 71710 2.669  1463.6/ 17.55 18.78i 0.02038¢
25 0 91.239  3.42¢F  1806%" 29.924 23.719n 0.02589¢

50 0 86.039 3.31F  1595i 18.029" 21.16M 0.0242°¢

S S 0 25 86.869  3.39¢F 1736M 26.02¢ 23.999n 0.0241°¢
Drought 0 50 109.61¢  3.44%F 2121 .6f 34.62°¢ 37.28° 0.02895P
stress 25 25 104.6%f  3.58¢cdef  2104f 34.55¢ 31.85¢ 0.02893°
50 25 102.55F  3.48%f 1907.69 38.33° 27.88¢f 0.02443¢
25 50 119.16¢ 3.61%%  2334% 44.182 54.072 0.035042
50 50 107.48%  3.520  2126.6¢f 432 49.98° 0.03158°

Al e suoy3 O Jleol gl 50 5Sils yga3] (wlel sl e BB saims lid gt o 0 Sglite g >
The different letters in each column indicate a significant difference by the Duncan test at the 5% level
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Abstract

Foliar spraying of nanoparticles is one of the most useful and efficient solutions in
drought stress conditions, which increases the plant's tolerance to drought stress and
increases yield. This study was to investigate the effect of foliar application of nano
selenium and nano molybdenum on some agricultural and biochemical indices of spring
rapeseed (Hyola 401) under drought stress. The experiment was carried out as a split-
plot experiment was conducted in a randomized complete block design with three
replications at research farm station of University of Mohaghegh Ardabili in cropping
years of 2016-2017. The irrigation factor includes normal irrigation and and irrigation
stoping at flowering stage as the main plot and the foliar spraying with nanoselenium
and nano-oxide molybdenum, including not usmg nanoparticles as a control treatment
(spraying solution with pure water) 25 mg.L? nano-oxide molybdenum 50 mg.L? of
nano-oxide molybdenum, 25 mg.L™ nano selenium, 50 mg.L? nano selenium, 25 mg.L
! nano-oxide molybdenum + 25 mg.L* nano selenlum 50 mg.L* nano molybdenum +
25 mg.L? nano selenlum 25 mg.L? nano-oxide molybdenum + 50 mg.L? nano
selenium and 50 mg.L* nano-oxide molybdenum + 50 mg.L* nano selenium) were set
as subplots. Foliar spraying of rapeseed plants was done at both vegetative and
flowering stages. Drought stress decreased the average height of the bush, the number
of pods per plant, the number of seeds per pod, the weight of 1000 seeds, yield of seeds
and Percentage of seed oil by 7.84%, 19.3%, 20. 15% 28.33%, 29.79% and 5.02%
respectlvely Foliar spraying of plants with 25 mg.L™? nano-oxide molybdenum + 50
mg. L nano-selenium increased the number of pod, 1000-seed weight, and seed yield
by 66.16, 35.7, and 59.47 percent, respectively, under drought stress and increased 62.7,
33. 9 and 11.96% in normal irrigation conditions also caused a significant decrease in
the amount of malondialdehyde and a significant increase in the amount of proline and
activity of catalase and peroxidase enzymes. Therefore, foliar spraying of rapeseed
plants with this concentration of nanoparticles was found to be useful and effective for
reducing the destructive effects of drought stress and improving seed yield.

Key words: Antioxidant enzymes, Malondialdehyde, Proline, rapeseed, Selenium
and molybdenum nanoparticles.
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