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Abstract

Introduction: Coriander (Coriandrum sativum L.; Apiaceae), an aromatic annual herb, is known as an important
medicinal plant. It has been recommended due to its significant nutritional and medicinal properties. The fresh shoots
of this plant are used as a food condiment in many places in the world. However, the application of agrochemical
fertilizers is a main source of soil, water and environmental pollution which can harmfully affect human health. Plant
growth promoting bacteria (PGPB) can be considered as an effective way to meet sustainable agriculture by reducing
agrochemical fertilizers usage (Bakhshandeh et al., 2015). Since a limited number of studies are available to investigate
the effects of PGPB on coriander growth, thus, this study aimed to evaluate different treatments of zinc sulfate on
coriander along with and without zinc solubilizing bacteria.

Material and methods: Two separate experiments were carried out under greenhouse conditions to study the effect
of native zinc solubilizing bacteria (Burkholderia cepacia) and zinc sulfate (ZnSo4) on the emergence, some vegetative
and phytochemical characteristics of coriander. The first experiment was conducted based on a completely randomized
desig?n to evaluate different methods of inoculation (non-inoculation as control, seed inoculation and soil inoculation).
While the second was performed as a factorial experiment in a completely randomized design. The factors were two
inoculation methods (non-inoculation as control and seed inoculation) and five treatments of ZnSo4 (99%) application
(without application of ZnSo4 as control, 1.5 and 3 g/L for foliar application and, 5 and 10 mg/kg soll for soil
application). Three replications were made in both experiments. The experiment was carried out under optimal
conditions. The seedlings were harvested when they had six fully expanded leaves. Emergence characteristics,
photosynthetic pigments, plant dry weight, phenol content, flavonoid content and antioxidant enzymes activity were
measured in this study.

Results and discussion: Based on the results obtained in the first experiment, the amount of all studied traits were
remarkablg increased by applying B. cepacia, except for antioxidant enzyme activity which was not significantly
affected. Since there was no significant difference between the inoculation methods (soil and seed inoculations), thus,
the seed inoculation method was selected as the best treatment for imf)roving coriander growth in experiment I. In
experiment 11, the maximum emergence percentage and rate, chlorophyll a, b, total and carotenoids, phenol content in
the leaves, flavonoid content in the leaves and root, guaiacol and superoxide dismutase enzymes activity increased by
16.5, 7.73, 9.63, 17.7, 3.94, 11.1, 3.24, 31.6, 23.5, 61.1 and 7.18% in the presence of B. cepacia as compared to the
control (non-inoculation). While among the ZnSo4 treatments, higher amount of the studied traits was found in the
foliar application at a concentration of 3 g/L and soil application at a concentration of 5 mg/kg soil. Furthermore, the
interaction effect between the B. cepacia inoculation and ZnSo4 treatments was not statistically significant. In general,
PGPB can improve plant growth and productivity in several ways: nitrogen fixation, solubilizing insoluble minerals
such as phosphorus, potassium and zinc, plant hormone production, decreasing the inhibitory effects of biotic and
abiotic stresses. The mechanisms mentioned above are fully described in Ahemad and Kibret (2014).

Conclusions: Our findings indicated that B. cepacia could be used in both inoculation methods (seed and soil
inoculations) to improve the growth of coriander. Furthermore, foliar application at a concentration of 3 g/L and soil
application at a concentration of 5 mg/kg soil by ZnSo4 along with B. cepacia inoculation were the best treatments for
increasing quantitative and qualitative characteristics of coriander.

Keywords: Antioxidant enzymes, Coriandrum sativum, Germination and vegetative traits, Plant growth promoting
bacetria, Photosynthetic pigment.
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Table 1- Physiochemical analysis of the pot soil.

Soil texture Clay Silt Sand Organic carbon H EC TNV

(%) (%) (%) (%) P (ds m?) (%)

Loam 17 34 49 3.25 7.36 1.22 145
CU Available ZN Available Mn Available Fe Available M Available K Available P Available Total nitrogen

(mgkg!)  (mgkg') (mgkgh)  (mgkg") (mg kg) (mgkg?)  (mgkg?) (%)

1.10 0.87 7.28 8.26 160 345 16.1 0.32
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Table 2- Analysis of variance of the experimental treatments on the studied traits of coriander in experiment 1.

Sources Maximum  Emergence Total Leaves Root
of df 9 IChla Chlb Carotenoid  dry dry 2FCL  SFCR  Guaiacol “SOD
. emergence Rate Chli . .
variance weight  weight
Inoculation . . - . - . . . . . 0 .
methods 2 379.1 0.00181 6377°.0 176°.0 2.385 5.173 0.011 0.00040" 0.0481" 0.0020° 0.000004™  0.040™
Error 6 82.14 0.00036 0.047 0.019 0.034 1.01 0.002 0.00006  0.0070  0.0005 0.000001 0.091
CV (%) 12.2 16.4 6.94 10.1 4.15 14.6 12.8 16.4 11.5 13.5 10.6 14.1
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1. Chl, Chlorophyll; 2. FCL, Flavonoid content in leaves; 3. FCR, Flavonoid content in root and 4. SOD, Superoxide dismutase

enzyme.

** and * significant at 1 and 5% probability level, respectively. ns: non-significant
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Table 3- Mean comparison of the studied traits affected by different methods of Burkholderia cepacia inoculation
in coriander in experiment I. Values in parentheses indicate percentage change in the respective studied traits in
comparison with the control condition.

Treatment IChl a Chlb Total Chl Carotenoid 2ECL SFCR Guaiacol  “SOD
reatments mgg'FW)  mgg'FW)  mgg'FW) mgg'FW)  (mgquerceting®DW) (mgquerceting?DW) (g FW) Cs0)
Control 2.46° 1.02° 3.11° 4.92° 0.645° 0.043° 0.0020°  6.64°
3.39 1.50 4.90 7.242 0.880 0.093 0.0042 666
i - - ' - : - - +030
Seed Inoculation 7 0. (+47.0)° (+575)° (+47.2)° (+36.4)° (+116.2)° (+120p (1030
6.85
: : 3.37 151 4.89 7.75 0.665 0.063 0.0032
Soil Inoculation 7 s (+48.0)° (+57.2)° (+57 5)° (+3.10)® (+46 5)® @600y  (t3.16)
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1. Chl, Chlorophyll; 2. FCL, Flavonoid content in leaves; 3. FCR, Flavonoid content in root and 4. SOD, Superoxide dismutase
enzyme.

The columns followed by a similar letter are not significantly different according to the Duncan's Multiple Range Test at 0.05
probability level.
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Fig 1- Mean comparison of the maximum emergence percentage (a), emergence rate (b), leaves dry weight (c) and
root dry weight (d) affected by different methods of Burkholderia cepacia inoculation in coriander in experiment I.
Values in parentheses indicate percentage change in the respective studied traits in comparison with the control
condition.
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Table 4- Analysis of variance of the experimental treatments on the studied traits of coriander in experiment II.

B gamsd dmST 500 251 SOD 5 iy 15 aigigdlé Jlako FOR 15 5 1o asgiglé ke FCL saiy, Jid ke PCR 15, L Jlaie PCL ¢ Ly l5 Chl

Dbl go 0 gae e NS g 0o )0 w1y 9 SO Jleixl mhaw jo o pxe o Ay g e

Sources

Maximum  Emergence Total . .
of 9 IChla Chlb Carotenoid ~ 2PCL SPCR “FCL  SFCR Guaiacol ~ 8SOD
. emergence Rate Chli
variance
Inoculation
1 597.3" 0.00072" 0.063™ 0.377™ 2.04" 3.98™ 0.0001™  0.00010™ 0.228™ 0.0005™  0.0000056°  3.056™
(M
ZnSo4 o N N N « * o o
(2ns) 4 214.4 0.00031 0.204 0.087™  0.65™ 3.01 0.0038 0.00010™  0.090 0.0006™  0.0000035 1.730
| x Zns 4 175.3™ 0.00018" 0.124™ 0.080™ 0.49™ 1.99™ 0.0010™  0.00008™  0.009™  0.0008™  0.0000045"™  0.669"
Error 20 103.4 0.00001 0.120 0.091 0.44 1.76 0.0008 0.00010 0.021 0.0010 0.0000012 1.680
CV (%) - 13.8 9.60 10.9 11.8 14.6 15.2 10.5 16.5 13.8 11.5 16.8 14.9

1. Chl, Chlorophyll; 2. PCL, Phenol content in leave; 3. PCR, Phenol content in root; 4. FCL, Flavonoid content in leaves;
5.FCR, Flavonoid content in root and 6. SOD, Superoxide dismutase enzyme.
** and * significant at 1 and 5% probability level, respectively. ns: non-significant
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Table 5- Mean comparison of the studied traits affected by Burkholderia cepacia inoculation and different treatments
of zinc sulfate in coriander in experiment 1. Values in parentheses indicate percentage change in the respective
studied traits in comparison with the control condition.

3

iChla  Chib  Total Chl Carotenoid -PCL PCR ~  YfCL SFCR  Guaiacol °SOD
Treatment . N N N (mg gallicacid (Mg gallic acid (mg quercetin  (mg quercetin

(mgg'FW) (mgg'FW) (mgglFW)  (mgg’FW) o DW) ¢1DW) ¢ DW) ¢ DW) (g FW) (ICs0)
Inoculation methods
Without
. . 3.01° 1.30° 4.32° 6.542 0.2782 0.0282 0.547° 0.0512 0.0018° 8.36%
inoculation
With 3.30 153 4.49 7.27 0.287 0.025 0.720 0.063 0.0029 8.96
inoculation (+9.637  (+17.7)*  (+3.94F  (+11.1) (+3.24) (-10.7)2 (+31.6)®  (+23.5)° (+61.1)° (+7.18)°
ZnSo4 treatments
0 (Control) 2.87° 1.23° 4.142 6.14° 0.252° 0.0272 0.461° 0.048?2 0.00222 7.91%
15gL 3.32 149 4.83 7.10 0.271 0.025 0.590 0.045 0.0023 7.72
Foliar application (+156)F  (+21.1)¢ (+16.7)  (+15.6)° (+7.54)° (-7.41) (+28.0y%  (-6.25)° (+4.55)%  (-2.40)*
3gL 3.29 1.52 4.89 7.99 0.280 0.021 0.650 0.066 0.0030 8.86
Foliar application (+14.6)*  (+23.5)* (+18.1)? (+30.1)2 (+11.1)° (-22.2) (+41.00®  (+37.5)° (+36.3) (+12.0)®
5mg kg 3.09 1.35 4.32 6.46 0.285 0.036 0.875 0.068 0.0030 6.65
Soil application (+7.67)® (+9.76)*  (+4.35)F  (+5.21)® (+13.1)* (+33.3)° (+89.8)F  (+41.7)°  (+36.3)° (-15.9)°
10 mg kg 3.22 1.48 4,73 6.82 0.321 0.026 0.610 0.060 0.0011 9.92
Soil application (+12.2)F  (+20.3)F (#1427  (+11.1)® (+27.4) (-3.70) (+32.3)® (#2500  (-50.0)° (+25.4)

Bgonmd 0nST oo v 31 SOD g aiy; ;0 aSgigdh jlaie FCR ¢ 50 aigighs jlaie FCL sy, Jib Jlaie PCR «5 ) Ji8 Jlais PCL ¢ Ly 15 Chl
Al e
5,105 (g0 sre gles duoyo gy Jlei] mhans 5o 5SSl (gldsaloiz yge3] Lell 1 g 52 50 wline By S JBlax L Lo Silo
1. Chl, Chlorophyll; 2. PCL, Phenol content in leave; 3. PCR, Phenol content in root; 4. FCL, Flavonoid content in leaves;
5.FCR, Flavonoid content in root and 6. SOD, Superoxide dismutase enzyme.
The columns followed by a similar letter are not significantly different according to the Duncan's Multiple Range Test at 0.05
probability level.
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Fig 2- Mean comparison of the maximum emergence percentage (a) and emergence rate (b) affected by Burkholderia
cepacia inoculation and different treatments of zinc sulfate in coriander in experiment 1. Values in parentheses
indicate percentage change in the respective studied traits in comparison with the control condition.
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