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ABSTRACT

The Lippia genus which has over than 200 species and Lippia citriodora L. is medicinally important. In order to
evaluate the quantitative and qualitative characteristics and elements of Lippia citriodora L. under the influence of
plant growth promoting rhizobacteria (PGPR), vermicompost and biochar, a factorial experiment was conducted in a
randomized complete block design with 3 replications in the Research Institute of Forests and Rangelands, Alborz
Research Station in field conditions, was implemented in 2017 on one-year seedlings. The first factor included
factors: vermi-compost at three levels (0, 6 and 12 ton/ha), the second factors was biochar at three levels (0, 5 and 10
ton/ha) and the thirs factor was plant growth promoting rhizobacteria at two levels (non-inoculation and inoculation
with combination of Azotobacter chroococcum strain 5, Azospirillum lipoferum strain OF and Pseudomonas putida).
Comparison of means demonstrated that the highest essential oil percentage (0.86 %) was acquired from control
treatment and the highest essential oil yield with 3.74 kg/ha was observed in treatment 12 ton/ha vermicompost, 10
ton/ha biochar and inoculation with plant growth promoting rhizobacteria. The highest Fe (377.06 ppm) was observed
in 12 ton/ha vermicompost, 10 ton/ha biochar and non-inoculation. Generally, application of 6 ton per hectare
vermicompost, 10 ton per hectare biochar and PGPRs on Lippia citriodora can improve yield and qualitative traits of
the plant through increasing growth, developing root and better absorbing water and nutrients from soil.
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Table 1. Results of Soil Analysis of Lemon Verbena Field

Saturation

Depth Saturation EC acidity or pH T.N.V Sand Silt Clay Texture
(cm) percentage (%)  (ds/m) (ri]lv) p (%) (%) (%) (%)
0-30 34.98 1.09 7.81 10.02 61.6 224 16 slandy
oam
. Available . . .
Organic hosphor N (%) Available Iron Zinc Manganese ~ Magnesium
carbon (%) p(mg?kg) potassium (%) (mg/kg) (mg/kg) (%) (%)
0.73 11.32 0.08 451 3.79 1.07 8.92 0.03
Table 2. Results of vermicompost analysis.
Potassium Potassium EC
OM P POs N CN as" o ﬁo/ oS KO Fe Zn Mn Mg pH 10% Humidity
%) (%) (%) (%) (%) on/) 0 (0/2) (mg/kg) (mgkg) (%) (%) (mv) weight/volume (%)
° o ratio (ds/m)
27.82 0.16 038 0.56 24.84 0.24 0.29 10590 157.29 664.89 0.81 7.48 0.26 3.61
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Table 3. Results of biochar analysis.

Sample EC pH oM Available P Available K P205 K20 N
P (ds/m) (mv) (%) (%) (%) (%) (%)
Biochar 0.26 7.83 27.82 0.24 0.38 0.29 0.54
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Table 4. Results of variance anlysis effect of vermicompost, biochar and PGPR on morphological traits and essential
oil yield of lemon verbena.

Mean of squares

> >
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Source of variation d.f. 2 < ) %3 S ° k= g
-« (= é:_, = 95' QL Gt G
= 2 0 5 ) |5} ° o
5 £ g £ — g g 5
) = — =~ |5} k5
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A [a)]
Block 2 369.4ns 122.6** 0.09ns 0.04ns 1923.7%* 0.93ns 2051.4%** 1.9ns
Vermicompost (V) 2 1403.7%* 140.6** 10.4%* 0.8%* 329.6%* 1.8ns 2931.8%* 7.2%*
Biochar (B) 2 181.7ns 16ns 1.3ns 0.04ns 31.09ns 20.8%* 78.9ns 0.4ns
PGPR (P) 1 2504.8%* 42.3% 0.05ns 0.008ns 48.9ns 0.1ns 459.02ns 0.3ns
V*B 4 38* 44 9% 1.5* 0.03ns 70.6* 0.9ns 150.3* 3.9*
V*P 2 2.6ns 37.8*% 0.4ns 0.003ns 136.04* 1.1ns 132.2%* 0.9ns
B*P 2 62.9% 7.9ns 0.2ns 0.03ns 46.8ns 14.2* 32.4ns 0.02ns
V*B*P 4 48%* 4.6ns 0.1ns 0.09* 51.1%* 9.3* 50.6ns 3.4%*
Error 34 14.5 15.1 0.5 0.04 25.4 3.6 69.6 1.1
C.V.(%) - 13.16 25.6 11.3 14.7 25.6 23.08 254 15.9

Aoy ) g0 Jliol mhaw jo jls pme Dglds g Mo pime Dgldl Sgu ol 5 4y s

s

ns, *, **: Non significantly difference and significantly difference in 5% and 1% levels of probability, respectively.
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Continude table 4. Results of variance anlysis effect of vermicompost, biochar and PGPR on morphological traits and
essential oil yield of lemon verbena.

Mean of squares
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Block 2 611.2ns 77.01* 45.2% 17.2%* 137.8%* Ons 499.9%*
Vermicompost (V) 2 4876.4%* 95.9%* 98.3** 22.7%%* 211.01%* 0.1%** 79.6ns
Biochar (B) 2 328.6ns 125.08%* 10.9ns 1.4ns 95.1* 0.04** 1314.2%*
PGPR (P) 1 1353.6%* 24.3ns 5.2ns 0.09ns 24.8ns 0.006** 278.3ns
V*B 4 680.8* 41.5ns 34.8ns 4. 7** 58.3* 0.1%** 337.7%*
V*P 2 610.5*% 55.4% 10.2ns 1.4ns 69.6* 0.03** 220.6*
B*P 2 241.1ns 35.6% 38.2% 0.4ns 79.2* 0.02** 282.9*%
V*B*P 4 639.6* 38.3* 32.5% 2.5% 54.3* 0.07** 246.1%*
Error 34 218.2 17.2 11.7 0.9 20.7 0.005 53.9
C.V.(%) - 25.1 22.6 20.3 15.1 18.4 4.2 21.8
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ns, *, **: Non significantly difference and significantly difference in 5% and 1% levels of probability, respectively.



VY

VE) 5l F 8 Les OF 5,90 ol SLEL psle

et SU3els8y00 Dlio (B 2 larem g CemgreS o0yg Jlite ST (Sl alie D Jgox
Table 5. Mean comparing interaction effect of vermicompost and biochar on some morphological traits of lemon verbena.

Vermi-compost and Biochar (V*B)

Means of Traits

Number of leaves (n/p) Length of leaf (cm) Small diameter of canopy (cm)
VBy 218.2¢ 4.4b 55.4b
V(Bs 276.8bc 5.8ab 66.6ab
VoBio 278.8bc 5.9ab 69.5ab
VsBo 393.5abc 6.9a 88.7a
VBs 509.5a 6.8a 91.07a
VeBio 457ab 6.7ab 87.8a
V]zBo 2758bC 663.]3 757&]3
V12Bs 304.2abc 6.7ab 71.4ab
ViBio 258.6bc 6.6ab 74.5ab
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In each column, means followed by at least a common letter, are not significantly difference at 5 percent probability level.
(V = vermi-compost. 0, 6, and 12 ton/ha)
(B =biochar. 0, 5, and 12 ton/ha)
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Table 6. Mean comparing interaction effect of vermicompost, biochar and PGPR on some morphological traits and
essential oil yield of lemon verbena.
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VoBoPy 78.6cde 1.1d  426.7bc  6.6bc  36.6bc 76.4¢ 93.9d 189.2¢ 21.3d 3045¢  0.86a  819.1f
VoBoP;  91.3a-d 1.2bcd 6029abc 83abc 41.7abc 100.labc  114.5d 1703¢  26.6cd  311.5de 0.53ef  607.7f
ViBsPy 669¢  1.3a-d 344.7¢c 9.5ab 25.4c 76.1c  322.5a-d  198.6¢c 253d  546.5ade 0.62d 2011.4b-f
ViBsP;  88.7a-e 1.5a-d 13463a 9.0labc 40.2abc 103.3abc 491.4abc 306.4bc 33cd 830.8abc  0.5f 2480.2a-e
ViBioPy 81.7b-e 1.3a-d 589abc  7.8abc  38.3abc 102.labc 253.7cd  202.2c  35.6bcd 491.6cde 0.56e 1408.3def
VoB1oP;  90.7a-d 1.2cd  744.6abc  8.6abc  40.5abc 106.2abc 440.7abc 332.6bc  26.3cd  799.7a-e  0.79b 3480.8ab
VeBoPy  77.3de 1.7ab  13079a 7.03abc 47.6abc 119.2abc 393.4a-d 380bc  42.3bcd 815.8a-d 0.3h  1184.3ef
VeBoP1  92.6a-d 1.7ab 10.94abc 8.05abc 46.07abc 121.2abc 274.1bcd  268bc 51.6abc  593.7cde 0.54e 1489.4def
VeBsPy  8l.1b-e 1.6ab  1386.1a 10.4a 65.6a 124.6abc 4639abc 355.3bc  68.7a 888abc  0.39g  1830c-f
VBsP; 93a-d 1.7 12849ab 99ab  55.7ab  135.6ab 576.6ab  601.5a 67.9a 12462a  03h  1768.7¢c-f
VeBioPy 82.8b-¢ 1.6ab 976.5abc 8.4abc  55.6ab 112.2abc  586a 495.1ab  S2abc  1133.1ab 0.63d 3736.3a
VeBioP1  95.8a-d 1.6ab 932.8abc 7.labc  55.8ab 1439a 461.4abc 283.6bc  58.9ab 804a-c  0.63d 2926.7a-d
ViBoPy  92a-d  1.6abc 1092.9abc 7.3abc  42.3abc 101.7abc 311.4a-d 274.6bc  68.3a 654.4b-c  0.33h  1066.7ef
VioBeP;  108.5a  1.6ab 1036.5abc 8.7abc  44.6abc  99.6abc 371.3a-d 34lbc  37.6bcd  750b-¢  0.38g 1407.7def
ViBsPy  87.5a-e 1.6ab 1110.5abc 10.5a  44.5abc 126.3abc 294.7a-d  250c  42.07abd 586.7cde  0.69¢ 2027.1b-f
ViBsP;  103.6ab  1.6ab 1012.2abc 7.2abc  43.8abc  100.2abc 395.3a-d 273.03bc 42.07bcd 710.4bcde 0.81b 3228.7abc
VioBioPy 100.8abc  1.7a 1169.2abc 7.9abc  44.4abc  87.4bc 335.4a-d 300.6bc  255d  661.5b-e 0.41g 1365.1def
ViBioP; 107.1a 1.6ab 1025.8abc  7.5abc  48.labc 105.8abc  346a-d 195.3¢ 24.6d 566¢de 0.5f  1756.5¢-f

(B = biochar. 0, 5, and 12 ton/ha)
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In each column, means followed by at least a common letter, are not significantly difference at 5 percent probability level.
(V = vermi-compost. 0, 6, and 12 ton/ha)

(P =PGPR, 0 (non- inoculation) and 1 (inoculation))
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Table 7. Simple correlation between some traits of lemon verbena under application of vermi-compost, biochar and PGPR.

Trai Number Leaf Circumference Leaf Stem Inflorescence Essential oil
raits . . .
of leaves area of canopy yield yield yield percentage
Number of Leaves 1
Leaf Surface 0.09ns 1
Circumference of Canopy 0.68** 0.25ns 1
Leaf Yield 0.44%* 0.29%* 0.25ns 1
Stem Yield 0.50* 0.25ns 0.32% 0.77** 1
Inflorescence Yield 0.41* 0.45* 0.40* 0.41* 0.42% 1
Extract Percentage 0.08ns -0.26ns -0.17ns 0.18ns -0.25ns -0.31%* 1

oy ) g0 Jleixl mhaas 1ol g Sglad 5 Iy Se Dgli 09 oS 5 Ay s g % s
ns, *, **: Non significantly difference and significantly difference in 5% and 1% level of probability, respectively.
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Table 8. Results of variance anlysis effect of vermicompost, biochar and PGPR on some elements of lemon verbena.

Mean of squares

[
Sou.rcc': of af §n % § § é - g o ﬁg
variation ° @ ] g = S 5 £ )
=] S 8 ) 2 = = N o
Z = o g N S &)
Block 2 0.1%* 0.006** 0.007**  0.005** 0.008%*  59.02%* 66.2%%  51.5%F | 5%
X/efm'comp"“ 2 042%%  0.005%%  0.005%*  0.009%*  0.006%*  1147.8%*  4828.6%*  55.6%*  22.4%*
Biochar (B) 2 0.04% 0.001** 0.000lns  0.01*%*  0.01**  1569.3%*%  2045.6%*  3509%% 0 5k*
PGPR (P) 1 04%  0.01%* Ons 0.01%%  0.01%*  20718.1%%  829.1%*  96.8*%*  49.5%*
V*B 4 0.04%%  0.003**  0.0003*  0.001%*  0.01**  1675.8%*  858.6%*F  §3k*  7g*x
V*P 2 0.03%* 0* Ons 0.0002ns  0.02%*  60801.9%*  525.8%%  74%x 50«
B*P 2 0.0lns  0.001** 0.0006%* 0.0006%* 0.01%*  8812%*  1503.6%% 117.6%* 16.7%*
V*B*P 4 0.02% 0**  0.000lns  0.0003*  0.01%*  4078.8%%  791.9%*  [2.0%x 4 5%
Error 34 0006 0.0007 00001  0.0009  0.0003 0.5 1.03 0.19 0.02
C.V.(%) - 39 427 1.8 4.7 9.4 0.25 0.62 159 1.8
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ns, *, **: Non significantly difference and significantly difference in 5% and 1% levels of probability, respectively.
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Table 9. Mean comparing interaction effect of vermicompost, biochar and PGPR on absorption of some elements in lemon

verbena.

V*B* P Nitrogen Phosphor Potassium Magnesium Sulfur Iron Manganese Zinc Copper

(%) (%) (%) (%) (%) (ppm) (ppm) (ppm) _ (ppm)
VoBoPy 1.93gh 0.13g 0.56cde 0.15h 0.09h 302.7f 173.8f 30c 7.6f
VoBoP, 1.94gh 0.18e 0.55efg 0.16gh 0.2cd 295h 167.06h 27.06g 7.1g
VoBsPy 2efg 0.17ef 0.54fg 0.16gh 0.27b 247.06m 105.1n 22.5j 6.6h
VoBsP; 2.2a-d 0.21cd 0.55efg 0.22d 0.26b 298.1g 157.6j 28.1e 8.2¢
VoB1oPo 1.92fgh 0.21cd 0.55d-g 0.17g 0.12gh 282.2j 144 .4k 23.1j 6.071
VoB1oP, 2.05def 0.23b 0.53¢g 0.2¢ 0.27b 301.5f 126.2m 25.1h 72g
VeBoPy 2.12cde 0.2d 0.58bc 0.17g 0.15efg 322.4d 177.2¢ 34.6a 72g
VsBoP; 2.35a 0.21cd 0.57bcd 0.18fg 0.17de 252.71 170.5g 27.9ef 7.2¢g
V¢BsPy 2.19bcd 0.21d 0.57cde 0.26b 0.22¢ 291.3i 139.11 24.6hi 6.9g
V¢BsP, 2.24abc 0.27a 0.6a 0.28a 0.18de 321.7d 173.2f 30.5¢ 14.3a
VeB1oPo 2.17bcd 0.21d 0.59ab 0.20e 0.12gh 245n 162.4i 25.1h 9.4d
V¢BioP) 2.31ab 0.23b 0.59a 0.24c 0.36a 377.06a 188.8b 33.2b 11.1b
V1:BoPo 1.78hi 0.18¢ 0.55def 0.18fg 0.2cd 272.9k 198.8a 27.2fg 72g
V12BoP; 1.9gh 0.23b 0.56cde 0.20e 0.14fg  347.06b 184.1¢c 27.2fg 8.3¢
V1:BsPy 1.73i 0.17ef 0.56cde 0.23cd 0.12gh 223.2p 180.5d 24.1i 72g
V1,BsP; 2.06def 0.22bc 0.57cde 0.26b 0.12gh 309.1e 175f 29.1d 10.1¢c
V12B1oPo 1.86ghi 0.16f 0.57cde 0.19ef 0.27b 234.30 158.4j 22.9j 6.5h
Vi2BioPy 2.27abc 0.2d 0.56¢cde 0.20e 0.16ef 341.2¢ 167.9h 30.1¢c 8.3¢
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In each column, means followed by at least a common letter, are not significantly difference at 5 percent probability level
(V = vermi-compost. 0, 6, and 12 ton/ha), (B = biochar. 0, 5, and 12 ton/ha), (P = PGPR, 0 (non- inoculation) and 1 (inoculation))

Table 10. Simple correlation between measured elements in leaf of lemon beebrush under application of
vermicompost, biochar and PGPR.

Traits Nitrogen  Phosphor  Potassium  Magnesium Sulfur Iron Manganese Zinc Copper
Nitrogen 1
Phosphor 0.58%* 1
Potassium 0.47* 0.54%* 1
Magnesium 0.41%* 0.65%* 0.56%** 1
Sulfur 0.29* 0.20ns 0.11ns 0.20ns 1
Iron 0.39* 0.47* 0.17ns 0.25ns 0.14ns 1
Manganese -0.04ns 0.11ns 0.40%* 0.16ns -0.26ns 0.32%* 1
Zinc 0.52%* 0.42* 0.55%* 0.26ns 0.05ns 0.69** 0.57** 1

Copper 0.45* 0.63** 0.57** 0.67** 0.06ns 0.48%* 0.36* 0.51%* 1

Aoy ) g0 Jlil mhaw ;o jls g Dglds 5 4l pire Dgldl Sed o 5 4
ns, *, **: Non significantly difference and significantly difference in 5% and 1% level of probability, respectively.
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