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Table 1. Physical and chemical properties of the experimental soil

. . Organic EC Field Exchangeable Available Total
te>s(?lljlre S(il/g)d (%2; C(:J/il 3’ matter (dS.m’ capacity potassium phosphorus nitrogen

(9kg™) D) (%) (mg.kg™) (mg.kg™) (9kg™)

S:% 56 165 275  0.63 1.18 27.1 570.85 7.39 0.89
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Table 2. ANOVA of some properties evaluated in Cicer arietinum

Mean squares

Source of

o df Number of Number of Number of )

variations Plant height pods per seed pods seeds per 100-seed Number of Nodule Seed yield Biological yield Harvest

weight nodules weight index

plant per plant plant

Replication 2 18.79ns 1.03ns 0.0027ns 2.78ns 3442.02ns 9.94ns 0.03ns 25083.92ns 725.34ns 92.43

Treatment 5 153.17" 19.36™ 0.07" 69.49" 28.76** 26.17" 0.06™ 30431.71" 50496.31" 3441

Error 10 10.35 103.67 0.39 1.07 1.46 1.89 0.0004 2556.30 2313.11 9.79

C.V. (%) 8.93 5.20 5.75 7.09 2.49 6.32 4,91 8.29 3.29 7.66

ns, *, and **: not significant and significant at 5 and 1% probability levels, respectively.

3555 K555 b b 50 Slio Ly i soley 51 nSiles dalis =Y Joax

Table 3. Means comparison of different treatments effects on morphophysiological traits of Cicer arietinum

Plgnt Number of Number of Number of 100-grain Number of NoQuIe Seed yield Biological yield Harvest
Treatments Height seed pods per - weight 1 1 .
pods per plant seeds per plant weight (g) nodules (kg.ha™) (kg.ha™) index (%)
(cm) plant (9)
Monoculture 29.44b 12.04c 0.95d 11.44d 45.85b 17.96d 0.26e 585.09¢c 1462.50c 40.07abc
11 28.88b 9.76b 0.92d 8.98e 44.67b 19.63 0.31d 466.79d 1295.79d 36.03c
2:1 30.22b 11.86¢ lcd 11.89d 46.46b 21c 0.35d 556.39cf 1395.91c 39.84bc
MO”%’h‘jl'}':”re * 42.22a 16.32a 1.31a 21.46a 52a 21.67 0.47¢ 751.40a 1645.62a 45.64a
1:1+ AMF 42.11a 13.84b 1.08cb 15.04c 50.04a 24.08 0.56b 616.94ch 1553.81b 39.64ch
2:1+ AMF 43.22a 15.88a 1.19b 19.03b 51.25a 26.08 0.62a 691.76ab 1582.52ab 43.69ab
LSD 5.85 1.25 0.11 1.88 2.20 2.50 0.03 91.98 87.48 5.69

Monoculture- Chickpea monoculture, 1:1- Intercropping of 1 row chickpea+1 row thyme, 2:1- Intercropping of 2 rows chickpea+1 row thyme, AMF- Arbuscular mycorrhizal fungi. Means in each column followed by similar
letter(s) are not significantly different at 5% probability level using LSD test.
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Table 4. ANOVA of quantitative and qualitative traits of Thymus vulgaris

Mean squares

Source of variations df Essential oil

Plant height Dry matter yield Essential oil p-Cymene y-Terpinene Thymol

ield

Replication 2 4.77 314.97 0.19 y011 12.99 9.71%* 121.09
Treatment 5 56.80** 2668.83** 0.32** 10.01** 27.84* 5.44 20.80**

Error a 10 0.99 28 0.003 0.17 2.01 1.32 5.82
Cuttings 1 924.26** 13021.85ns 0.50** 6.31** 2.37ns 2.27ns 26.60**
TreatmentsxCutting 5 9.70** 77.36 0.03** 0.25** 5.02ns 2.30ns 22.76**

Error b 12 0.36 142.17 0.002 0.02 5.66 0.87 1.21

C.V. (%) 2.8 7.5 4.2 7.7 15.4 12.2 2.5

ns, *, and **: not significant and significant at 5 and 1% probability levels, respectively.
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Table 5. Means comparison of treatments x cutting interaction effects on some properties evaluated in
Thymus vulgaris

. Plant height Essential oil Essential oil yield Thymol
Cuttings Treatments (cm) (%) (@.m?) (%)

Monoculture 23.03c 0.93gi 1.56e 41.09gf

1:1 22.03cd 1.07ef 1.69ed 36.64i
) ) 2:1 21.81d 1gf 1.55e 43.02dfe

First cutting

Monoculture + AMF 31.49 1.39¢c 2.85b 43.11dce

1:1+ AMF 29.57b 1.69a 3.31a 45.35a
2:1+ AMF 28.7b 1.50b 2.73c 42.71dfe

Monoculture 15.30hg 0.81i 1.07g 40.249

1:1 14.23ji 0.99ghf 1.22¢f 45.02bc
) 2:1 13.89i 0.91i 1.08g 43.02dfe

Second cutting

Monoculture + AMF 19 1.06ef 1.86c¢cd 43.11dce
1.1 + AMF 17.19f 1.26d 1.97c 42.71dfe
2:1 + AMF 16.20fg 1.12e 1.47ef 44.16dch

Monoculture- Thyme monoculture, 1:1- Intercropping of 1 row chickpea+1 row thyme, 2:1- Intercropping of 2 rows chickpea+1 row thyme, AMF-
Arbuscular mycorrhizal fungi. Means in each column followed by similar letter(s) are not significantly different at 5% probability level using LSD

test.
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Table 6. Means comparison of different treatments effects on dry matter yield, p-cymene, and p-terpinene in
Thymus vulgaris

Treatments Dry matter yield (g.m?) p-cymene (%0) y-terpinene (%)
Monoculture 149.99¢ 15.92b 6.88bc
11 140.98d 12.46¢ 6.39c
2:1 136.22d 13.85c 7.56bc
Monoculture + AMF 189.47 18.20a 8ab
1:1 + AMF 175.91b 17ab 9.13a
2:1+ AMF 156.61c 16.84ab 7.81ab
LSD 6.80 1.82 147

Monoculture- Thyme monoculture, 1:1- Intercropping of 1 row chickpea+1 row thyme, 2:1- Intercropping of 2 rows chickpea+1 row thyme, AMF-
Arbuscular mycorrhizal fungi. Means in each column followed by similar letter(s) are not significantly different at 5% probability level using LSD

test.
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Table 7. Values of land equivalent ratio (LER), area time equivalent ratio (ATER), area harvest equivalent ratio
(AHER), and land use efficiency (LUE) indices in different planting patterns

Treatments LER, LER; LERt ATER AHER LUE
11 0.61 0.77 1.38 1.42 2.17 1351
1:1+ AMF 0.80 0.83 1.63 1.44 2.68 154
2:1 0.72 0.65 1.37 1.47 2.57 146.3
2:1+ AMF 0.90 0.75 1.65 1.56 2.77 155.8

1:1- Intercropping of 1 row chickpea+1 row thyme, 2:1- Intercropping of 2 rows chickpea+1 row thyme, AMF- Arbuscular mycorrhizal fungi,
LERs- Partial land equivalent ratio of Cicer arietinum, LER- Partial land equivalent ratio of Thymus vulgaris, LER- Total land equivalent ratio.

cuiS s 6&;& > Thymus vulgaris , Cicer arietinum b e cuiS ool oU5 50 gbasls sl —A Joax

Table 8. Values of economic evaluation indices in Cicer arietinum and Thymus vulgaris intercropping in different
planting patterns

Treatments 1A 1A 1A SPI MAI
11 1.76 0.59 2.35 260.5 163

1:1 + AMF 171 0.64 2.36 331 378
2:1 3.50 0.44 3.40 278.7 224.6

2:1+ AMF 3.01 0.39 3.94 3315 393.9

1:1- Intercropping of 1 row chickpea+1 row thyme, 2:1- Intercropping of 2 rows chickpea+1 row thyme, AMF- Arbuscular mycorrhizal fungi,
1A Intercropping advantage for Cicer arietinum, IA- Intercropping advantage for Thymus vulgaris, 1Ar- Total intercropping advantage.
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Abstract

Intercropping systems and biofertilizers application play an important role in improving the
guantity and quality of plant products. In this regard, to evaluate the effects of Myco-Root
biofertilizer on the quantitative and qualitative traits of Thymus vulgaris L. in intercropping with
Cicer arietinum L., an experiment was carried out as a randomized complete block design
(RCBD) at the faculty of Agriculture, University of Maragheh during 2020 growing season.
Treatments included thyme sole culture, thyme sole culture inoculated with Myco-Root,
chickpea sole culture, chickpea sole culture inoculated with Myco-Root, intercropping of one
row chickpeatone row thyme (1:1), planting pattern of 1:1 inoculated with Myco-Root,
intercropping of two rows chickpea+one row thyme (2:1), and planting pattern of 2:1 inoculated
with Myco-Root. The results demonstrated that the highest seed (751.40 kg.ha™) and biological
(1645.6 kg.ha™) yields of chickpea were obtained in the chickpea monoculture inoculated with
Myco-Root, which was not significantly different from planting pattern of 2:1 inoculated with
Myco-Root. Moreover, the highest dry matter yield of thyme (189.47 g.m™) was achieved in the
sole culture with application of mycorrhizal fungus. Also, the highest percentage (1.69) and
essential oil yield (3.31 g.m™) of thyme was obtained in planting pattern of 1:1 with application
of mycorrhizal fungus in first harvest. Thymol, y-terpinene, and p-cymene were recognized as
the main essential oil compounds. The highest percentage of thymol and y-terpinene was
obtained in planting pattern of 1:1 inoculated with mycorrhizal fungus. Also, the highest
agronomical (land equivalent ratio, area harvest equivalent ratio, area time equivalent ratio, and
land use efficiency) and economic (intercropping advantage, monetary advantage index, and
system productivity index) indices were achieved in the intercropping ratio of 2:1 and 1:1 with
application of Myco-Root biofertilizer, respectively. In general, the results showed that the
Myco-Root biofertilizer application in intercropping, especially the planting pattern of 1:1,
could improve the quantity and quality of thyme essential oil.

Keywords: Thymol, sustainable agriculture, biofertilizer, essential oil percentage, seed yield.
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