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Abstract

Introduction: Fertilizer management is utmost important factor in success of pharmaceutical
crops cultivation. Application of biological fertilizers is important in production of these plants .
Therefore the use of this type of fertilizers in the production of medicinal plants is expanding
and seems to be becoming a global approach.

Material and methods: The effect of humic acid and nano-chalate zinc fertilizer on activity of
catalase, peroxidase, superoxide dismutase enzymes and essential oil of savory plant was
investigated using a factorial experiment based on completely randomized design two factors
and with four replications in a greenhouse at Zabol University in 2014, The factors were humic
acid with four levels (zero, 5.0, 1 and 1.5 mg/L) and nano-chalate zinc fertilizer with four levels
(0, 50, 100 and 200 g/L).

Results and discussion: The results of variance analysis showed that humic acid, nano zn
chelated fertilizer and the interaction of factors had significant effects at 1 % probability level
on leaf length, leaf area index, chlorophyll index, essential oil content and zinc conten,
phosphorus, catalase enzyme, peroxidase enzyme and superoxidase dismutase enzyme but the
interaction of nano zinc chelated and humic acid fertilizers was not significant on plant dry
weight. The treatments showed significant effects on chlorophyll index, leaf length and area,
enzyme activity of catalase, peroxidase, superoxide dismutase, zin contentc and percentage of
essential oil. At all levels of humic acid, application of nano fertilizer increased the activity rate
of catalase and peroxidase enzymes, zinc, phosphorus and essential oil percentage in the
application of 1.5 mg/L humic acid and 200 g/L nano fertilizer increased 58, 34, 75, 26 and
77%, respectively. Application of 1.5 mg/L humic acid and 200 g/L of nano fertilizer had the
greatest effect on leaf area index (4), plant dry weight (16.15 g), leaf length (3/20 cm), zinc
conten (0/950 mg/kg) catalas enzyme (1.88M9" Protein.Min™) and peroxidase enzyme (0.18 M¢*
Protein.Min™).

Conclusions: Based on the results, the combined application of nano-chelate fertilizer of zinc
and humic acid (N4H4) showed a significant advantage over the separate application and non-
use treatments of nano-chelate zinc and humic acid (N1H1).

Keywords: Organic acid, plant nutrition, nano fertilizers.
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Loam clay 1.36 0.78 1.8 250 12 0.288 0.03 7.20 3.4
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Figure 2. Interaction of humic acid and zinc nano-chalate on essential oil percentage of Savory plant (Duncans

Multiple Range Test)
Hi, H,, Hi, and H, were 0, 0.5, 1 and 1.5 mg.L of humic acid, respectively, and Ny, N,, Nsand N, were 0, 50, 100 and 200
g.L nano-zinc, respectively
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Figure 3. Interaction of humic acid and zinc nanoclates on chlorophyll index of Savory plant (Duncans Multiple
Range Test)
Hi, H,, Ha, and H, were 0, 0.5, 1 and 1.5 mg.L of humic acid, respectively, and Ny, N,, Nsand N, were 0, 50, 100 and 200
g.L nano-zinc, respectively
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Table 2. Mean squares effect of experimental treatments on the quantitative and qualitative traits of savory

Mean Squares

Superoxidas

SOV Df Leaf Plan_t dry Leaf Chlorophy Catalase Peroxidase e dismutase  Zinc Es_sence Phosphorus
length  weight surface Il Index enzyme Enzyme oil (%)
enzyme
humic acid 3 2.39** 39.32** 4.16** 4556** 0.65**  0.00** 0.13**  0.18** 1.77**  0.00**
Na”%;gﬁ;ﬂamd 3 413%% 177.91%%12.04%% 1259%% 085%%  0.00%%  0.22%% 0.95%* 1.94%%  0,00%*
humic acid *
nano zn chelated 3 0.07** 4.49ns 0.21** 8.29**  0.04**  0.00** 0.05** 0.02** 0.06**  0.00**
fertilizer
Erorr 48 0.15 2.57 0.05 0.01 0.01 0.000 0.00 0.00 0.01 0.00
C.V (%) - 561 1436 7.93 1.39 5.57 3.23 2.80 1.92 6.28 2.88

ns, * and **: are non- significant and significant at 5 and 1 % probability levels, respectively
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Table 3. Comparison of the mean effect of different ratios of humic acid and nano-chalate zinc on the quantitative and
qualitative traits of savory

Superoxide dismutase

Treatment Leaf length  Leaf sugface Citalas E_nzym.e . Pergfidase.Enzyrng Enzyme Zinc

(Cm) (Cm?) (Mg~ Protein. Min™) (Mg™ Protein. Min™) (Mg™ Protein. Min') (mg/kg)
HiN; 1.150] 1.000 ¢ 0.750 ' 0.118 ¢ 0.463" 0.215"
HiN, 1.550 2.000 ¢ 1.300° 0.133° 0.830° 0.580"
HiN; 1.825 9" 2.500 © 1.425 % 0.135 ° 0503 0.690 '
HiN, 2075 2.000" 1.575° 0.140° 0.845° 0.790 ©
HoN; 1.500" 2.000° 1.150 ¢ 0.125 " 0.810° 0.300"
HoN, 2.050 & 3.000°" 1.525" 0.140° 0.908 © 0.430’
HoN, 2.325 ¢ 3.000°" 1.600" 0.155 ¢ 0.940 0.800 °
HN, 2.600 ¢ 4.000 1.650" 0.165 0.955 ™ 0.905
HaNy 1.675" 2.000 ¢ 1.375¢ 0.135° 0.648 ¢ 0.330 %
HsN, 2050 2.750 ™ 1.625" 0.155 ¢ 0.973° 0.630 ¢
HsN3 2.700 3.750 1.775° 0.163°¢ 1.023° 0.800 °
HaN, 2.900" 4.000° 1.800° 0.170" 1.028° 0.940®
HaN, 1.900™ 2.000° 1.550 ™ 0.140 0.738" 0535
HaN, 2.175% 3.000°" 1.625° 0.150 ¢ 0.928 0.830 ¢
HaN, 2.950° 4.000 1.825° 0.168 ™ 1.040° 0.930°"
HaN, 3.200° 4.000 1.875° 0.180 0.657 ¢ 0.950 ¢

Hi, H,, Hs, and H, were 0, 0.5, 1 and 1.5 mg.L of humic acid, respectively, and Ny, N, N3and N, were 0, 50, 100 and 200
g.L nano-zinc, respectively
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