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Table 1. Type and amount of macro and micro solutes in Hoagland solution
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Table 2. Analysis of variance (Mean Squares) of the effects of Zn and Fe nanoparticles and their
concentrations on seed germination indices of guar and chickpea

il gt T O R e S ou I Mu”
Source of Var'iations o1 Germination Speed of Mean time to RESTHPES i
df percentage  germination germination Tso Root tolerance
index
Seed (S) ,& 1 133.33 * 4.44 * 0.005 ns 0.82 ns 228.45 ns
Nanoparticles (N) l,350 1 48 ns 1.35ns 0.45 ns 0.06 ns 12.96 ns
trati f ol 340 clale
Concentrations of 1,55 105.78 ** 6.92 ** 0.29 ns 1.08ns 211653 **
nanoparticles (CoN)
N xS 1 341.33 ** 2.20 ns 0.001 ns 1.31 ns 1562.44 **
S x CoN 3 4.44 ns 0.90 ns 0.02 ns 0.16 ns 40.24 ns
CoN x N 3 29.33 ns 1.90 * 0.15 ns 0.14 ns 46.02 ns
CoN x N x S 3 272.89 ** 1.12 ns 0.02 ns 1.84 * 1110.20 **
Error u:.iuj sl 32 22.33 0.61 0.13 0.56 118.45
C.V. (%) olymss o o 5.58 10.25 8.75 18.67 9.15

a0 ) 50 Jlisl zsha jo g b Jixe 5 (5 lo Fxe pae (ol a5 % NS

ns, *, and **: non-significant, and significant at p<0.05 and p<0.01, respectively
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Figure 1. Interaction of nanoparticles x concentration of nanoparticles on speed of germination.
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Means of each column fallowed by the non-similar letters have significantly difference at p<0.05
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Triple interaction of seeds x nanoparticles x concentration of nanoparticles on germination indices of seeds and morphological and biochemical

seedlings of guar and chickpea
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Ol i ain ). g_';’) Sile> e T fu)fr’ )’u)fu“ (S 5 05 5O esS g
Source of Variations Germination . (G (Sy (Sy - (S
percentage (92 Root Total = Leaf pr
o tolerance Root  Chlorophyll Chlorophyll chlorophyll d p
(%) Tso index (%) length a(mg.g! b (mg.g! ( FEW) Carotenoids (mg.g!
index : : mg.g -1
(Day) o (cm) FW) FW) g.8 (mg.g! FW)
o Nanoparticle Concentration
Control sals 80 de 4.25 ab 100 g 16.54 c 5.18 gh 03g 5.48 fg 198 ¢ 0.86
S9 100 82.67d 4.5 ab 121.93cde  21.29b 6.44 ef 0.37 ef 6.81e 193¢ 1.05
Zn 200 85.33 bed 3.52b 129.52bcd 2437 a 9.21 ab 0.5 be 9.71 ab 3.33 de 1.1
300 90.67 abc 3.52b 140.33 ab 26.53 a 9.35a 0.47 ¢ 9.82a 3.72 be 1.23
) Control wals 80 de 4.25ab 100 g 16.6 ¢ 4.69 h 0.32 fg 501¢g 1.95¢ 0.89
o®! 100 82.67d 4.14ab  118.54cdef 19470 6.97 def 0.44 cd 7.41 de 273 f 0.991
Fe 200 90.67 abc 3.63b 123.44bcde 2428 a 943 a 0.47 ¢ 99a 3.7bc 1.04
300 72 f 5.38a 103.58 f 21.15b 6.14 fg 0.49 be 6.63 ef 28f 0.94
Control sl 84 cd 4.06 b 100 g 15.99¢d 6.2 fg 0.4 de 6.6 ef 2.78 0.39
Y 100 86.67abcd  3.69b  123.71bcde 19.92b 7.56 bed 0.47 ¢ 8.03 cd 3.39 cde 0.51
Zn 200 86.67abcd  3.68Db 131.97 bed 13&:1 8.39 abe 0.48 be 8.87 abc 3750 0.77
300 73.33 ef 4.63 ab 107.9 efg 13.05¢ 6.35 fg 0.38 def 6.73 e 3.48 bed 0.66
a ] Control sals 84 cd 4.06 b 100 g 157 cd 6.16 fg 0.42 de 6.58 ef 28f 0.31
o 100 90.67 abc 392b 118.54 cdef  20.14D 8.05 bed 0.48 be 8.53 bed 3.06 ef 0.66
Fe 200 92 ab 351b 135.15 abce 20.57b 8.27 abe 0.54 ab 8.81 abc 331de 0.76
300 93.33a 3.45b 151.37a 21.01b 9.24a 0.57a 9.81a 4.27a 0.78
LSD 7.85 1.25 18.10 2.50 1.19 0.06 1.18 0.34 0.1

Wbl oo oy O Jloiol mhaw jo lo ge OS] saimolis alive ué By >

Means of each column fallowed by the non-similar letters have significantly difference at p<0.05
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le 4. Analysis of variance (Mean Squares) of the effects of Zn and Fe nanoparticles and their concentrations on growth indices of guar and chick

FESR ; . s 2059 . . . O
e e 7 Blo Jsb  ada; Sk (lse S a J35,l8 b Judg ks F B s P
S fV i t' syl Shoot Root Dry weight of -2 Chlorophyll  Chlorophyll Total C X tenoid /
ource of variations df length length  the aerial parts ~ Dry weight a b chlorophyll arotenoids Lea
of the root prote
Seed (S) L& 1 285.33**  169.3%* 0.79%%* 0.14%* 1.52 ns 0.028%** 1.96%* 4.08%* 1.84
Nanoparticles (N) &l,34L 1 1.84 ns 10.38*  0.00001 ns 0.0003 ns 0.02 ns 0.024%** 0.08 ns 0.01 ns 0.01
oneentrations oS, <BlE sy e 55w 0.59+* 0.08%%  2220%%  0047%%  2427%%  410% 021
of nanoparticles (CoN)
N xS 1 4483 %  89.59%* 0.16 ns 0.0006 ns 7.25%* 0.0051 ns 7.64%* 0.01 ns 0.08
S x CoN 3 2873 %  41.51%* 0.29*%* 0.02* 3.28%* 0.0054 * 3.49%* 0.48%* 0.022
CoN x N 3 14.68 ns 10.01 * 0.04 ns 0.0004 ns 0.34 ns 0.0055* 0.33 ns 0.06 ns 0.013
CoN xN xS 3 15.72ns  27.31%* 0.13 ns 0.008 ns 6.98%* 0.008%** 7.35%* 1.22%%* 0.02:
Error il slas 32 8.94 2.25 0.06 0.005 0.52 0.001 0.50 0.04 0.0C
CV. (%) &lpss oo 17.35 7.34 20.73 11.27 9.76 8.50 9.10 6.66 9.4

do 0 ) 50 Jiol ok ;o (il goe g 5 b cire pas oS Sy i g % NS
ns, *, and **: non-significant, and significant at p<0.05 and p<0.01, respectively
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Figure 2. Effects of interactions of seed x nanoparticles (a) and seed X nanoparticle concentrations (b) on
shoot length index of guar and chickpea seedlings
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Means of each column fallowed by the non-similar letters have significantly difference at p<0.05

5 (o V) aals s x 5T 5 (o5 VPN 5
CoS A Al Sl Gjg (FeS 9 ORoRe
(5 V) 2 oS shes Yoo x leS lopiSon
Slaslre 0 Jols (0,5 +10)) sals Jlog x Lls5
X s SiiSanp aF canl ol 5l S ¥ Ss )Ll
X )5S sl iiSen p b awlie jo 1 5 e S Lo Yo
R R I
) e S ke Ve x 0955wl x 3955 1 e S
Sk Vo x93 g 2 e S dee Voo x 3550
VY XYAYR YA Jobee a5l o g
S (s Sl oy DAY 5 BVAL KO0 AVIYY
FIAE AFEY DA Jolee sl 5 Llsn slaply
Sid 39 &l aeys YAFY § YARY FA/LA OF

(Y Ss) clls ady,

YZA

Slydel cdale x al,36b x A GruSed Bl oy

Jdob epcie o ol Gl (V) Jouz) ade; Job
x 69y 5l x 5T LhiSany o (el YHIOY) aty)
ST 5 ol sl e T il
$U x LlsS SlaiiSeny o aty; Job b s)lo s
5 Gl YEIYY) 2 oo Shee Vo v cale x (g,
YEIYA) gl y oSl ¥oo clile x ool gl x lsS
aloy dsb (rieS (Bob il e Bk el e il
iy Jsb b (g o aine OS] &5 (jo il VY/-0)
ol x 0g50 LiaSad g Cod bl b iiSen p ple 4o
Jouz) adeamline i a5 oo Yoo cale x (g,
Ol gl oY US) a5 olee slaplasl Sae 59
slaplal Sas 055 (e 9 (AU &S wes e
PRk Yoo x IS sloiiSen p cod e lse



(YOTYVEIN F+ +fpgms o)lad [piin Jlo /]l S Sl o pgle

Dry weight of aerial parts s sls iz S 5
B Root dry weight «.2,, <25 5y

2
o oy 15 % be
3 ?
- %
LI Z
g " N
~ 7 05 ,4/’« :
‘\n\ b ¢ ﬁ "
<A 0 1 4 f
\ Y. Y. ) Y. v.. ‘
Gmar Chicknea

dg50 g ,lg8 razals als ) 9 e pluil KiS (y39 p @3l cdale x Hdu JoSod o Ol J1-F S
Figure 3. Effects of interactions of seed x nanoparticle concentrations on dry weight of aerial parts and
root indices of guar and chickpea seedlings
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Means of each column fallowed by the non-similar letters have significantly difference at p<0.05
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Abstract

In order to investigate the effects of nanoparticles and their concentrations on the stages of
germination, growth and development of crop plants, experiments were performed using a factorial
experiment based on the completely randomized design on guar and chickpea seeds as the Petri dish
and pot. In the present study, the effects of different concentrations of zinc and iron nanoparticles
(control, 100, 200, and 300 mg.I"") were examined on seed germination indices in petri dish cultivation
and growth, physiological and biochemical traits of the mentioned plants in pot cultivation. The results
of the Petri dish experiment showed that the highest percentage of germination, root resistance, and
the lowest T50 were obtained under the interaction of chickpeas, iron nanoparticles, 300 mg.1"". Also,
the highest germination rate was obtained for guar and chickpea seeds at a concentration of 300 mg.1"!
of the iron nanoparticle. The results of the pot experiment also showed that the maximum shoot length,
dry weight of aerial part and root were achieved for the plant exposed to a concentration of 300 mg.1"!
of zinc nanoparticle. Also, the content of chlorophyll a, total chlorophyll and leaf protein increased by
300 mg.l" of zinc nanoparticle. On the other hand, the amount of chlorophyll b and carotenoids
increased under a concentration of 300 mg.I"" of the iron nanoparticle. In general, it is concluded that
zinc and iron nanoparticles in the range of concentrations of 100-300 mg.I"" had positive effects on
germination, growth, physiological and biochemical indices of seeds and seedlings of guar and
chickpea in these conditions.
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