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Abstract

Introduction

Thyme, a plant with valuable metabolites, has been using in the food, pharmaceutical and health industries
due to its medicinal properties. Identifying the agricultural factors affecting the quantitative and qualitative
changes of medicinal plants is crucial for increment quality and more production. The use of chemical
fertilizers has been caused many environmental problems; therefore, it is important to use organic
fertilizers in different density patterns of cultivation in order to reduce the consumption of chemical
fertilizers to achieve sustainable agriculture.

Materials and methods

This research was carried out as a split-plot design in the form of a randomized complete block design with
two factors and three replications in rainfed conditions in the Mahidasht research station of Kermanshah
province during the two crop years 2020-2021 and 2021-2022. The main factor included three levels (20
tons per hectare Caw manure, enriched straw at the rate of 10 tons per hectare and no fertilizer application)
along with agricultural soil without applying fertilizer, and the sub factor was three densities (4, 6 and 8
plants per square meter). The three plants were randomly selected from each plot, plant height (cm),
number of branches per plant, and canopy diameter (cm) were measured. In the flowering stage, plants of
one square meter were harvested from each plot and the wet and dry weights were measured in grams per
square meter. Also, the dry weight of leaves and stems was measured in grams per plant for each plot,
which, leaf to stem ratio was calculated for each plot by dividing leaf to stem weight. The essential oil of
20 grams of dried leaves were extracted using a Clevenger apparatus, and the percentage of essential oil
was determined for each plot, and finally, according to the dry leaf yield per square meter, the amount of
essential oil yield of aerial parts of the plant per square meter was calculated.
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Results and Discussion

Analysis of variance showed that different fertilizers and different levels of density had a significant effect
on all traits, but the interaction of fertilizer x density had a significant effect only on the traits of percentage
and yield of essential oil. According to the mean comparison by Duncan's method, fertilizer increased the
growth of thyme. All the vegetative characteristics of the plant were affected by the use of fertilizer.
However, animal manure was the best among the two types of fertilizers used. On the other hand, with the
increase in density, the plant height increased, but the number of branches in the plant and the canopy
diameter showed a decreasing trend. in contrast to these two characteristics, the wet and dry yield of the
plant was lower in low and high density than in medium density. A different trend was observed for the
essential oil percentage and yield. The essential oil percentage increased by 17.53% by reducing the
density from 8 plants to 4 plants. Interstingly, the yield of essential oil showed a decrease of 5.42%. The
results of principal components analysis of the traits in different agricultural conditions showed that 94.3%
of the variance was expressed based on the first two components, and the bi-plot of the two components
confirmed the results of mean comparison.

Conclusion

According to the final goal of this research, which was to determine the best density, in terms of using
manure and enriched straw to achieve the desired result in the cultivation of rainfed thyme, therefore, based
on the grouping of the two-factor interaction and principal components analysis, it was observed that the
use of manure at the rate of 20 tons per hectare with density cultivation of 6 plants per square meter is the
most suitable treatment for the cultivation of thyme in the rainfed conditions of Kermanshah province.
Therefore, it can be recommended for the cultivation of this species in the rainy conditions of Kermanshah
province.
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Table 1. Physicochemical properties of experimental field soil

K P Total N Organic Sand .. Soil
: 9anC = Eex10° pH San silt (%) Clay (%)

(ppm) (ppm) (%) carbon (%) (%) texture
462.0 236 0.22 1.2 092 78 74 456 47.1  Clay-silty
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Figure 1. Monthly ambrothermic diagram of the crop years 2020-2021 and 2021-2022
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Table 2. Variance analysis of investigated traits under different fertilizer and density

conditions
Soqrc_es of Degrees of Pl_ant Nugwfber Diameter Wet weight  Dry weight
variation freedom height branches of canopy
Repetition 2 0.276"™ 0.362" 1.37" 648.9™ 2.643"™
Fertilizer 2 58.38" 33157 263.7" 21708™ 3143
Error 4 1.435 2.42 5.754 21.46 2.595
Density 2 203.6" 261.4" 164.2" 53217 677.2"
Fertilizer xDensity 4 0.780" 2.275™ 1.623"™ 556.6™ 32.70™
Error 12 12.11 13.16 25.25 517.1 25.21
Coefficient of variation (%) 17.33 10.64 15.21 2.25 2.37
Soqrc_es of Degrees of Lgaf St_em Leaf /Stem CF)’: 2222;?:?; Yielq of_
variation freedom weight weight ratio oil essential oil
Repetition 2 0.292" 0.255™ 0.001"™ 0.099"™ 0.069"™
Fertilizer 2 47117 16.87" 0.050" 3.316° 7.686"
Error 4 0.526 0.247 0.002 0.478 0.316
Density 2 38.707 10.55" 0.120° 3.9917 1.692”
Fertilizer xDensity 4 2.958"™ 0.743™ 0.007™ 0.569" 0.655"
Error 12 1.544 0.690 0.018 0.136 0.078
Coefficient of variation (%) 10.05 9.96 9.46 14.94 16.04

" significant at 1% level, * significant at 5% level, "™ not significant

Table 3. Mean comparison of investigated traits under the influence of fertilizer and density
treatments by Duncan's method at 5% level

- . Plant height  Number of Diameter of Wet weight _Dry
Fertilizer Density ) weight (g
(cm) branches canopy (cm) (gm™) m'z)
4 Plant/m 12.83e 32.31de 30.83bcd 114.6g 37.56f
Non-used* 6 Plant/m 17.05cde 26.54ef 29.49cd 185.6ef 58.93de
8 Plant/m 22.61abc 23.12f 22.98d 163.2f 51.98e
4 Plant/m 17.84cde 44.61a 42.59a 236.5bc 79.37bc
Manure 6 Plant/m 22.41abc 38.42bc 39.18ab 278.2a 97.29a
8 Plant/m 27.52a 34.16¢d 33.98bc 242.3b 83.85b
4 Plant/m 15.32de 42.31ab 35.66abc 198.7def 61.34d
Enriched straw 6 Plant/m 20.76bcd 35.52cd 34.94abc 230.8bcd 73.98c
8 Plant/m 24.39ab 29.76de 27.70cd 201.7cde 65.26d

Means with the same letters are not significantly different based on Duncan's test

* Check treatment
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Continued table 3. Mean comparison of investigated traits under the influence of fertilizer and

density treatments by Duncan's method at 5%

level

Stem Percentage Yield of

- . Leaf weight ; Leaf /Stem g essential
Fertilizer Density weight ; of essential .
(g/plant) (g/plant) ratio oil (%) oil

P ° (g/m?)

4 Plant/m 5.433ef 3.853de 1.41abc 2.63bc 0.970d

Non-used* 6 Plant/m 5.741de 4.19de 1.37bc 1.5d 0.886d

8 Plant/m 3.438f 2.818e 1.22¢ 1.68d 0.871d

4 Plant/m 12.13a 7.487a 1.62a 3.83a 3.054a

Manure 6 Plant/m 9.919b 6.937ab 1.47abc 3.55a 3.456a

8 Plant/m 6.281de 4.653cd 1.35bc 2.01cd 1.685hc

Enriched 4 Plant/m 9.244hc 6.002bc 1.54ab 2.98ab 1.836b

straw 6 Plant/m 7.704cd 5.171cd 1.51ab 2.28bcd 1.682bc

8 Plant/m 5.015ef 3.800de 1.32bc 1.75cd 1.141cd

Means with the same letters are not significantly different based on Duncan's test

* Check factor for Fertilizer



vy

...‘_g\.arfljiﬁk_QT.s;j_J‘l:&Llj)‘:‘_g,é.,a;&u-)

oL blae yy iy g i AS) ey Cu.'f)‘
eLfLi@la)>;)'|e.>L&;~\jcfj:a).>4:ﬁfqrﬂj
Jlae 5> 5 dzils | pla p S by (ol oo
sl ¢ il Loy (il 0 65 o o 2t sl
Blo 5 &85 055 5 Sy gl b Wiy s el
BRI 4 vflj 3 &S Ad edalie ioeen sy
o7 L () 58 Sl eslimal Ll i 55 s me e
e 5 5y i s Slas ot (28
Gled 93 ) w93 &S (Bl 3y il 5 Sles
hTM.NL'sAGJAJ:AJJ 4:,,?(.5\;,@\;;;5\@;&;#\
53 355 ekl Ogy Ll 5 6l ulg 53 S
Slio ) el T R AR I
ST ol (nF a5 LBl O 5

I Iy b Olo bliyl opiie W b5
o

Qwé\ﬂytéua&ngka@uwuﬁ
‘\-ﬂjjﬁ 93 Slday &59‘)) Q}L&;ﬂ Ja;“\}& 23 (I8
aigo b ol el dzdls 65 (Vb (o3 slutis &S
L o=bols 51 A3 YA 5 VYA s 5 4y ps 5
j\»&ﬂ))*'ﬁ//\d}j)d\twjajv\b}«;@q-j
Slees @L‘.: d}‘ Mj}n B .ub'); QL:.: b ;f"’.l‘.'.)b
wjﬁé‘jjubéyww6\)\>dyCW)\:-L:L.»\A:
d%&jﬁdj))&cdﬁCWJ‘Qu.&Cjé
Code g e Bl 4 &8 Do 5 (A o
(F Joder) azils

03 &S 3l olas Jgl adze g5 1 ol S b

65 sladss Ll plad gl mm e 52 G5 A (S5

Table 4. Values of the first and second components, eigenvalues, percentage of variance and
cumulative variance of principal components analysis of traits in different agricultural conditions

Variables PC1 PC2
Plant height -0.027 -0.655*
Number of branches 0.344 0.152
Diameter of canopy 0.362 0.055
Wet weight 0.270 -0.447
Dry weight 0.269 -0.458
Leaf weight 0.363 0.098
Stem weight 0.368 0.035
Leaf /Stem ratio 0.325 0.269
Percentage of essential oil 0.332 0.188
Yield of essential oil 0.349 -0.127
Eigenvalue 7.290 2.189
Percentage of variance 72.9 21.9
Cumulative variance 72.9 94.8

*The numbers underlined have the largest contribution in component
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Figure 1. Biplot of two components resulting principal components analysis of traits in different

agricultural conditions
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