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Table 1. General properties of the studied soil

parameters Value
Soil texture Loamy Clay
pH 7.41
EC (dSm™) 1.19
OC (%) 0.96
Total Nitrogen (%) 0.084
P (ma ka™) 8.14
K (mg kg?) 274
Zn (mg kg?) 0.49
Mn (mg kg™ 4.53
Cu (mg kg 0.98
Fe (mg kg?) 741
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Table 2. Analysis of variance (mean square) the effect of (A) Biochar and (B) Biological fertilizer on studied
traits of Chamomile

o N AR o SO SO
per plant flower)
Block 2 1336™  0.372™  0.046"™  27.11"™ 211" 25.11 1 0.0008 "
Biochar (A) 2 109.02*  21.81*  0.829™  19414™  15325™ 1441 0.047 **
Biological fertilizer (B) 3 26.44 ™ 1411 0.127" 14136 ™ 4272 481" 0.031™
A*B 6 38.25 " 762" 0119 3728  1747" 90.98 ** 0.003 *
Error 22 16.54 0.545 0.029 68.77 28.26 9.82 0.0005
CV (%) - 11.65 15.63 8.02 16.36 6.79 10.77 6.65

085 ) gixe NS g (P /2 0) Jloil s )5 ls gine et (P /0 V) Jlosio ] mhans jo Jlo ge ase (DS /00 V) Jliol mhan jo s e ais
ns, nonsignificant; *, significant at P<0.05; **, significant at P<0.01 and ***, significant at P<0.001.

wigoly axlllan 5590 Slao 3 (B) (cuw 3 sladsS 9 (A) jlzgm Jilise 51 (uSileo dunliio -F Jou
Table 3. Mean comparisons of main effects of (A) Biochar and (B) Biological fertilizer on studied traits of

Chamomile

Plant No Anthodia No. Biological Egliing‘glsch Essential oil
Treatment height : diameter flower yield (g y percentage

(cm) branch (cm) er plant lant?) flower) (g (%)

perp P plant?)

AiB1 0.193f 13.66 39.33" 67.331 1.71f 2.33f 34.00 &d
A1B2 0.267 € 20.66 ¢ 45.66 9 103.66 " 2.13¢¢ 4.40 % 33.33 &
A1B3 0.238 ¢ 18.00 °f 43.66 9" 57.661 2.31 % 4.16% 29.66 «
AiB4 0.390 be 20.66 ¢ 52.66 9 107.00 9" 1.68f 3.20 ¢ 28.66 ¢
AzB1 0.253 ¢ 16.30 ¢f 48.66 ¢ 66.00 2.16 ¢ 2.20f 33.33 &
AzB2 0.380 « 35.66 b¢ 89.66 ¢ 188.00 ¢ 1.86 ¢f 3.20 ¢f 37.66 %
AzB3 0.3384¢ 28.66 ¢ 71.33¢ 157.33 9 2.09 ¢¢ 4.13% 40.66 2
AzB4 0.393 be 35.00 k¢ 82.66 4 203.66 ° 1.99 ¢f 8312 35.66 ¢
AsB1 0.369 « 30.33 62.33f 135.00 ¢f 2.34 8¢ 6.20° 30.33 &
AsB2 0.426 % 39.33° 99.66 © 119.66 f 24258¢ 473 37.00 ¢
AsB3 0.356 ¢ 34.66 b¢ 128.66 ° 137.33¢ 2534 5.93 be 38.662
AsB4 0.4402 56.33 2 174332 231662 248 % 7.86%2 39.662

Axib e doys g Jleis o o lo e GMST 086 (LSD) Slo sime iglis Jolas yg03] Gillas oy 50 40 S e By > ghls sla i Sile
Means in a column followed by the same letter are not significantly in Least Significant Difference (LSD) test at P<0.05.
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Table 4. Analysis of variance (mean square) the effect of (A) Biochar and (B) Biological fertilizer on studied
traits of Chamomile

S.0.vV df Camazolin  Total flavonoids ~ Carotenoid  Essential oil yield
Block 2 0.35"m 0.032"s 0.326 " 12.324 ™
Biochar (A) 2 0.354"s 0.362 " 0.085 " 25.324 ™
Biological fertilizer (B) 3 0.204 0.965™ 0.053 " 21.362 ™
A*B 6 0.024 " 0.085 ™ 0.058 ™ 32.356 ™"
Error 22 0.059 0.051 0.032 18.325

CV (%) - 2.354 3.325 3.12 9.325

085 Yo gixe NS 5 (P +/+0) Jlozs| o )5 lo gine et (P +/0 V) Jlosol o 5o jlo gae s «(PS /0 ¢ V) Jlio ] o jo s e

ns, nonsignificant; *, significant at P<0.05; **, significant at P<0.01 and ***, significant at P<0.001.
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Table 5. Mean comparisons of main effects of Biochar (A) on flavonoids and Carotenoid of Chamomile
Total flavonoids

i -1
Treatment (%) Carotenoid (mg g1)
A 0.33°¢ 1.33°
A 0.37° 1.32°
Az 0.432 1.562

Al e vy mty Jloiol s jo ls g OS] W36 (LSD) o sine @olis J8laz 9051 ollae (gm0 10 S yidn Bgyo shls slo Sl

Means in a column followed by the same letter are not significantly in Least Significant Difference (LSD) test at P<0.05.

gl aigid y 5 9 JS wigighld lgilols’ p (B) (w3 095 (Lol 1 pufiloo dumnsliio —F Jgur

Table 6. Mean comparisons of main effects of biological fertilizer (B) on Camazolin, flavonoids and Carotenoid

of Chamomile

Treatment Car?(;oz)olln Total flavonoids (%) Carotenoid (mg g )
B1 0.02°¢ 0.28°¢ 1.27¢
B2 0.04° 0.35° 1.33¢
B3 0.05° 0.442 1512
B4 0.09? 0.46° 1.41°

Bdl ge do 0 i Jio] mhaw jo ls gixe B W3 «(LSD) o sime glas JBlas (s3] Billas oygim ,o 50 S i g > gllo sla Sl

Means in a column followed by the same letter are not significantly in Least Significant Difference (LSD) test at P<0.05.
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Table 7. Mean comparisons of main effects of Biochar (A) and biological fertilizer (B) on Essential oil
percentage and Essential oil yield of Chamomile

Treatment

Essential oil yield (g plant™?)

AiB1
A1B>
Ai1B3
A1B4
A2B1
A:B>
A:B3
AzB4
AsB:
AsB>
A3Bs
AsBy

247
5.20
414
7.80
4.00
13.03
9.24
13.65
10.80
16.38
11.90
24.64
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Response of Agronomic Characteristics and Essential Oil Quality of
Chamomile (Matricaria chamomilla L.) to Different Levels of Biochar and
Biological Fertilizers

Kazem Taleshi®*, Noshin Osoli' , Hadi Khavari?
(Received: January, 2023 Accepted: July, 2023)

Abstract

In order to investigate the effect of different levels of biochar and biological fertilizer (Arbuscular
mycorrhizal and Azospirillum lipoferum) on agricultural properties and quality of chamomile essential
oil, a factorial experiment based on randomized complete block design with 12 treatments and three
repetitions was conducted in Beiranshahr region of Khorramabad city in 2019-2020 cropping year. The
factors included: application of biochar at three levels (0, 10 and 20 tons per hectare) and inoculation of
biological fertilizers at four levels (without inoculation (control), inoculation with arbuscular
mycorrhiza, inoculation with Azospirillum lipoferum and double inoculation of arbuscular mycorrhiza
and Azospirillum lipoferum). The results showed that the interaction effect of biochar and biological
fertilizers on the number of branches per plant, flower diameter, number of flowers per plant, biomass
yield, economic yield (fresh flower), carotenoid content and essential oil yield at the probability level
of one percent and on plant height and essential oil percent it was significant at the five percent
probability level. Combined use of biochar and biofertilizers in the treatment of using 20 ton.ha* of
biochar and double inoculation of mycorrhizae and Azospirillum lipoferum compared to other fertilizer
treatments, has the highest values of biological yield (174.3 g plant), economic yield (3 56.5 g plant™),
essential oil percentage (0.440 %), and essential oil yield (24.6 g plant™). Also, the use of 20 ton ha* of
biochar showed more total flavonoids (0.43%), and carotenoids (1.56 mg/g) than other treatments. The
highest percentage of camazolin (0.09%) was observed in the double inoculation treatment of
mycorrhiza and Azospirillum lipoferum. The results showed that the use of biochar as an organic
fertilizer of natural origin along with the inoculation of biological fertilizers increases the quality and
quantity of chamomile medicinal plant products in the field and also maintains the balance of the
environment.

Keywords: Arbuscular mycorrhiza, Azospirillum lipoferum, Camazolin percent, Carotenoid, Essential
oil yield.
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