


s :&m

Gl pole casisls

b Sy 095
PLS S50 8 ALl 4o ol (bl )l 4z yo B3l e 4ol (L
:O|9';"°
s B 59, R lanST Ol 36l calise slacdale [l
BLs olS Su5elg: 58 sla

Lol o bins!
* > . :' & rzso
63bleg 0315 Jnmons! aly o 355

:)3L~I~o OL\-M)‘

oé‘} @&o&) W‘)

:J’)@ 9 o “n P
o 9k

VPV 59 poe



oS
oS Su3slsned loatly (F sy (plaeS] Dldgl bz ekl S1 ol e
¥ 5o g sbesd e V L (Solas als oAb ab p JoysSl Ojsods bojles opl el ol
b (b 5 oRils psle ousiasls (2LS siglsa i oBialejl jo (als olS (55, 2 LS
o35 5 ol 3 ealiiad b Liale)] cpl 4 sad Jlael slolas ot 2l VE-Y_VE-Y el
Oygo a0 Coles 40 9 Sogul gl aids FO ow 4 alanST 0,350 050505 augs palans]
ek Ve Be YO o) bl gl ¥ gl sl solital 5, bl sl
BB gl sme toli8l cel jid e 8 o YO cdale ool Cows & b b s (2
obS 4 o s JB D) g Cesload oald aSle g s ()39 9 Ble g Ao Job 4z
3 ool g oalasT gl b slacdale b jles @l S o Sle awslio mls o)l vals
3 5P WSeg 5 (b lS clale (p VL a5 ls plas Ve b YO e le e
o gme S o jles sl 5 aals 4 Cand o5 del Cews @ 1) 65 Lo YO slo e
5 Seidn i (Ssletiee o She ool SldEl Jlade lBl L SIS b 4 sl las
215 b oVl o lAle g B3I 5 36 Wlgie o5 il Ll ol LS lariion
slo ol 51 (S wlgs o ol @ldgl g ool ) 5 e S o YO 0,5 ggomma j0 0l al
VO chle o aty, S Gl ot w3l ool olS s ad; s lp aey S
5 Ordsn Gl Ol Gyt Bl (Rl sald a4y cd o sl ey 1) S e
o5 ko Vov o 0 509 ol CIS g el alST gL YO [l a4 by e asaT 6o oy5lle
s 1y asall o gglle 5 oelan Oliee Gy O U o SS1 Lo 4 2
A Sk YO Sl a4 abgrye slacuSTy JoSLE 5 slannsT 8 (b (lie on tien

obS lp colhe s cavss Glp s eSS e YO mhaw 398 bl @ 4>y b g wllow



Sy Sl 4 alin Slidllas 5 ol G | Jols @S 4 az g bl oad &ly e
sgas ail) 65 mele b Oy oSS Slalllas alosl b a8



abstract

The aim of this study is the effect of different concentrations of iron oxide
nanoparticles on some physiological indicators of watercress. These treatments were
carried out factorially based on a completely randomized design with 7 treatment
levels and in 3 replications on the watercress plant in the plant physiology laboratory
of Zabul University Faculty of Science during the 1402-1403 crop year. The
treatments applied in this experiment were prepared using iron and iron oxide
nanoparticles. The iron oxide nanoparticle was ultrasonicated for 45 minutes and
finally used as a foliar spray. Nanoparticles had 4 concentration levels (0, 25, 50, 100
mg/liter). According to the obtained results, the concentration of 25 mg/liter has
caused a significant increase in root and stem length and root and stem weight of
watercress and has significant growth compared to the control plant. The results of
the comparison of the averages of the effects of treatment with different
concentrations of nano iron oxide and iron in concentrations of 0, 25, 50, 100 showed
that the highest concentration of chlorophyll, carotenoid, flavonoid was obtained in
the treatments of 25 mg/liter, which compared to the control and Other treatments
showed significant differences. In general, with the increase in the amount of iron
nanoparticles, the morphological, physiological and biochemical characteristics of
watercress decreased, which can be caused by the adverse effects of high
concentrations of iron nanoparticles. In total, the application of 25 mg/liter of iron
and iron nanoparticles can be one of the recommended ways to improve growth in
watercress. The highest amount of root phenol was obtained at a concentration of 25
mg/liter, which was higher than the control. The highest amount of reduction of
proline and malondialdehyde was related to the treatment of 25 nano iron oxide and
iron chelate, and at the level of 100 mg/liter, due to the toxic effects of nano chelate,
it had the highest amount of proline and malondialdehyde. The maximum amount of
polyphenol oxidase and guaiacol peroxidase related to the treatment is 25 mg/liter,
and according to the above results, the level of 25 mg/liter is effective for obtaining
the desired results for the plant. According to the results of the present research and
similar studies, it seems that more comprehensive results can be presented by
conducting additional studies.
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