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Figure 1. X-ray diffraction pattern and the corresponding Rietveld refinement of ZnO nanoparticles.
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Figure 2. TEM micrograph of ZnO nanoparticles.
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Table 1. Analysis of variance of ZnONPs and bulk effect on Zn concentration and uptake in the root and shoot
and Zn translocation factor in fenugreek.

s S hle S hle Jusl Jele Sos o Sos o
St ae ol alsy e il el o S alsy e il el o
S.0.v Zn conc. in Zn conc. in Translocation Zn uptake in Zn uptake in
df
root shoot factor of Zn root shoot
STl
G0 e 4 11323%* 3125%* 0.02% 0.001 0.0009%*
ZnO NPs
N
ol glas
oS 10 2115 85 0.005 0.0005 0.0001
Error
LSS
S0 : 4 64087** 4019%* 0.06* 0.0007 0.001%*
ZnO bulk
B
ol glas
oS 10 579 134 0.01 0.0002 0.0003
Error
B L. 5N | 9142%* 1497%* 0.13%* 0.0008 0.0004
Nvs. B (+61) (-15) (+0.3) (+0.023) (-0.003)

.JJ:L_‘&-LP)J\}OJL.;:}‘CE.WJJJA&MI{;E‘%;A{ }w

s e 0L 1 SISl sl 56 0 Kile 30 s slasl
* and ** indicate significant at P<0.05 and P<0.01, respectively.
Values within parenthesis indicate difference ZnONPs minus bulk.

(35 SIS 5 $U SUcos s oS s g, JUSH Jele 5 g d 5 e Ol 0 Sibe avylis - g

Table 2. The mean comparison of Zn concentration and uptake and translocation factor in fenugreek affected
by ZnO NPs and bulk.

B

0 mg/kg 125 mg/kg 250 mg/kg 375 mg/kg 500 mg/kg
Treatment
(o SIS 5o S ko) i) s 55y chle
Zn concentration in root (mg/kg)
LS|l .
S ey 48.5° 119.6® 140.1° 189.4° 202.1°
ZnONPs
ST S ;
S : 48.5° 81.8% 88.7% 116.1° 171.9*
ZnO bulk
((;)&sﬁ (qui,.») sl el 5s g, Clle
Zn concentration in shoot (mg/kg)
LS| gl
S ey 22.6° 33.0° 60.7° 71.8 103.7°
ZnONPs
ST S ;
20 : 22.6° 52.3¢ 74.1° 90.9° 118.6
ZnO bulk
&y Jlal Jele
Zn translocation factor
LS| gl
S ey 0.47% 0.29°¢ 0.44® 0.38° 0.53"
ZnONPs
ST S
S : 0.47° 0.67 0.69" 0.85" 0.79"
ZnO bulk
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Continue Table 2.
Sles
0 mg/kg 125 mg/kg 250 mg/kg 375 mg/kg 500 mg/kg
Treatment
(OIS p 5 ) ala) 53 5o 2l
Zn uptake in root (mg/pot)
LS|l .
S0 2 S 0.029 0.062% 0.073" 0.078" 0.083°
ZnONPs
ST S ;
0% : 0.029" 0.042% 0.039° 0.053° 0.070°
ZnO bulk
QIS 0 S o) olom ol s (g5
Zn uptake in shoot (mg/pot)
LS|l ;
S0 2 S 0.034° 0.053 0.070® 0.067" 0.079°
ZnONPs
ST S ;
0% : 0.034° 0.051b° 0.068™ 0.079* 0.086
ZnO bulk

Aol e Ao s 0 Cla”“ BRIy &bl sl 36 LSD ;;},.)'T bl gl o > slls 61'“’@—{3[?‘ 5, A s
Means followed by the same letters in a row are not significantly different at P=0.05 according to LSD.
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Table 3. Analysis of variance of ZnONPs and bulk effect on phosphorus concentration and uptake in

fenugreek.
I e b il b i b i
O s o B
SOV 3! iy s slsn <al.h'l Y iy s slen <al.h'l Y
df P conc. in root P conc. in shoot P uptake in root P uptake in shoot
BRI PHH
B 2y 4 0.891%* 0.135* 0.533** 5.62%*
ZnO NPs
N
ol glas
GRS 10 0.118 0.047 0.035 0.174
Error
LS S
S0 ’ 0.408* 0.403 0.361%** 3.30%*
ZnO bulk
B
ol glas
GRS 10 0.087 0.055 0.045 0.310
Error
B Ll 5N . 0.285* 0.083 0152 3.26%+
Nvs. B (-0.358) (-0.023) (-0.15) (0.752)

.JJ:L_‘&-LP)J\}OJLQ.?}‘CE.,«)JJHL;'MI{;L:‘%JSQ }w

s e 0L 1 SISl sl 56 0 Kile 30 21 slasl

* and ** indicate significant at P<0.05 and P<0.01, respectively.
Values within parenthesis indicate difference ZnONPs minus bulk.

1835 HST S 5 G T dbzd oS 3 Jad Sl e Ol Kl aglis -8 Jgtr

Table 4. The mean comparison of phosphorus concentration and uptake in fenugreek affected by ZnO NPs

and bulk.
B
0 mg/kg 125 mg/kg 250 mg/kg 375 mg/kg 500 mg/kg
Treatment
(05 7o Ske) adas o3 iud Chle
P concentration in root (mg/g)
STl . .
S ey 2.69° 2.0° 1.71% 1.36° 1.39%
ZnONPs
LSS
0% : 2.69° 218" 2.03° 2.01° 1.68°
ZnO bulk
(Ql.,\lfﬁ(;&.») len il s i cble
P concentration in shoot (mg/g)
STl . ;
S0 2 s 3.18 3.30° 3.03 2.96" 2.75°
ZnONPs
LSS
20 ’ 3.18° 3.17° 3.09° 2.95° 2.93%
ZnO bulk
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Continue Table 4.
Sles
0 mg/kg 125 mg/kg 250 mg/kg 375 mg/kg 500 mg/kg
Treatment
(OIS s 05 o) 4y 5o i
P uptake in root (mg/pot)
LS|l . §
G0 e 1.58° 1.04° 0.90* 0.561% 0.56°
ZnONPs
ST S . . .
20 : 1.58° 1.17° 0.89" 0.93% 0.67°
ZnO bulk
(OIS 5 p 8 o) alsm pll 3 i Cdor
P uptake in shoot (mg/pot)
LS| gl . .
S ey 4.86° 5.33° 3.55% 2.75¢ 2.10°
ZnONPs
ST S . .
S : 4.86" 3.15° 2.88% 2.59% 2.10°
ZnO bulk

Aol e Ao s 0 Cla”“ BE ey &bl sl 3L LSD ;;},.)'T bl gl o > slols 61'“’@—{3[?‘ 5, A s
Means followed by the same letters in a row are not significantly different at P=0.05 according to LSD.
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Table 3. Analysis of variance (mean square) of ZnONPs and bulk effect on number and biomass of nodule,
length of root and shoot, and weight of root and shoot of of fenugreek.
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* and ** indicate significant at P<0.05 and P<0.01, respectively and ™ indicated non significant.

Values within parenthesis indicate difference ZnONPs minus bulk.
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Figure 3. Mean comparison of rhizobium nodule number affected by ZnO NPs (A) and bulk (B).
Means with the same letter are not significantly different according to LSD (P<0.05).
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Figure 4. Mean comparison of rhizonium nodule biomass affected by ZnO NPs (A) and bulk (B).
Means with the same letter are not significantly different according to LSD (P<0.05).
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Figure 5. Mean comparison of shoot length affected by ZnO NPs (A) and bulk (B).
Means with the same letter are not significantly different according to LSD (P<0.05).
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Table 3. Analysis of variance (mean square) of ZnONPs and bulk effect on number and biomass of nodule,
length of root and shoot, and weight of root and shoot of of fenugreek.
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* and ** indicate significant at P<0.05 and P<0.01, respectively.
Values within parenthesis indicate difference ZnONPs minus bulk.
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Figure 6. Mean comparison of root fresh weight affected by ZnO NPs (A) and bulk (B).
Means with the same letter are not significantly different according to LSD (P<0.05).
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Figure 7. Mean comparison of root dry weight affected by ZnO NPs (A) and bulk (B).
Means with the same letter are not significantly different according to LSD (P<0.05).
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Figure 8. Mean comparison of shoot fresh weight affected by ZnO NPs (A) and bulk (B).
Means with the same letter are not significantly different according to LSD (P<0.05).
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Figure 9. Mean comparison of shoot dry weight affected by ZnO NPs (A) and bulk (B).
Means with the same letter are not significantly different according to LSD (P<0.05).
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Figure 10. Mean comparison of root/shoot ratio affected by ZnO NPs.
Means with the same letter are not significantly different according to LSD (P<0.05).
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