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ABSTRACT

The experiment was conducted at a lath house affiliated with the College of
Agricultural Engineering Sciences, University of Baghdad, following the
Randomized Complete Block Design (RCBD) within aSplit-blocks
arrangement with three replicates. The experiment involved two factors: the
first factor was planting two thyme varieties Wild thyme and German thyme),
while the second factor was combination treatments of mycorrhizae and
irrigation with licorice and cumin extracts, with ten treatments including the
control treatment, mycorrhizae, mycorrhizae + 1% licorice extract,
mycorrhizae + 2% licorice extract, mycorrhizae + 1% cumin extract,
mycorrhizae + 2% cumin extract, mycorrhizae + 1% licorice + 1% cumin,
mycorrhizae + 1% licorice and 2% cumin, mycorrhizae + 2% licorice and 2%
cumin. The experiment results demonstrated that the two interaction treatments
of German thyme and mycorrhizae + 2% licorice extract and German thyme
and mycorrhizae + 2% licorice + 1% cumin had the highest germination
percentages, 86.67% and 82.67%, respectively. Treatment Wild thyme and
mycorrhizae + 2% licorice + 1% cumin was superior in germination rapidness,
seedling length, and number of leaves, attaining 5.433 day seed”, 8.000 cm,
and 11.467 leaves.plant', respectively. Treatment German thyme and
mycorrhizae + 2% licorice + 1% cumin was superior in homogeneity,
achieving 20.777 seeds.day’'. Treatment mycorrhizae + 2% licorice + 1%
cumin was the most rapid in germination and homogeneous and was superior
in sapling height and number of leaves, recording 5.466 days.seed’, 18.472
seeds.day”’, 7.900 cm and 11.033 leaves.plant”, respectively. Treatment
T1Measurement treatment was superior to other treatments by exhibiting the
highest germination percentage, which reached 72.50%. The difference
between the varieties was insignificant in the number of leaves. The variety
German thyme was superior in germination percentage and homogeneity,
achieving 53.67% and 13.276 seeds.day ™, respectively.
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INTRODUCTION

Thyme (Thymus vulgaris L.) is a perennial flowering plant belonging to the family Lamiaceae, which
includes 236 genera and more than 6,000 species. Most of these plants are aromatic and used as a source of
essential oils . Thyme is widely cultivated in many world regions, although its original habitat is the western
Mediterranean region and southern Italy (Davis, 1992; Halat et al., 2022). It has important medical and
functional properties, so it has been involved in many food, cosmetics, perfumes and pharmaceutical
industries (Abed Al-Rahman et al., 2007; Abbas, 2017; da Cunha Honorato et al., 2022; Iftikhar et al., 2023).
Thyme has been used in traditional medicine to treat chest infections, cough, diabetes and others (Askary et
al., 2018) and as an antimicrobial, anti-fungal, anti-parasitic, and antioxidants agents, as well as used for
tumour treatment (Al-Jourani and Al-Kanani, 2013 Al-Nasrawi, 2017; Pujante-Galidn, 2020;
Panagiotopoulos et al., 2021; Abumughaid, 2021; Elbe, 2022; Vassiliou et al., 2023; Hadi and Majeed,
2023). The benefits of thyme plants are not limited to humans but also animals. Giving animals this plant
with drinking water increases antibodies and improves animal production performance (Mahbuba et al.,
2022). Seed germination is the most important stage in the plant life cycle. Water, air, temperature and light
are all required for seed germination (Kumar et al., 2023).

Mycorrhizae are fungi that live in symbiosis with plants. They produce mycelium with a large surface
area for resource exchange. Moreover, many fungal genera develop vesicles within the roots, acting as
storage organs for fungi and as channels for the exchange of nutrients and energy between plants and the soil
(Taha, 2021; Bhardwaj et al., 2023; Kumar et al., 2024). They also play a significant role in soil aggregation,
environmental stability and increased plant tolerance to environmental stresses (Diagne et al., 2020; Prisa,
2023).

Researchers have recently become interested in using plant extracts in agriculture as alternatives to
pesticides or plant growth regulators. They are environmentally friendly natural substances; they do not harm
human health or the ecosystem. Among these extracts is licorice extract, which stimulates enzymes that
convert complex compounds into simple ones. It also provides the plant with the energy needed for its
growth. Terpenoid compounds in the extract may also stimulate bud formation (Fayyad, 2005; Ayoub, 2018;
Sultan et al., 2020). Plant extracts also play a role in increasing the hormonal content of the plant, which is
positively reflected in plant growth (Shakir and Al-Rawi, 2017). Fernandez-Zarate et al. (2022) found that
the use of mycorrhizae in Cinchona plants had a significant effect on improving seed germination. Al-
Shewailly, 2020 found that treating palm seeds with licorice extract at a concentration of 20 mg.L-1 and
humic acid at a concentration of 500 mg.L™" displayed the highest values for all studied traits (germination
percentage of 99%, germination duration of 6 days, and plant sheath length 0f32 mm). Al-Mohmadi & Al-
Ani, 2019 found a significant effect of spraying with licorice extract on the sorghum growth.Achieving the
targets of sustainable development, this study aimed to improve the germination of thyme seeds by utilizing
mycorrhizae and spraying them with yeast extract, licorice, and cumin.
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MATERIALS AND METHODS

The experiment was conducted at a lath house in the College of Agricultural Engineering
Sciences, University of Baghdad during the spring season 2024, based on the randomized complete
block design (RCBD) with a split-Blocks arrangement and three replicates. The experiment
comprised two factors: the first factor was planting two varieties of thyme (wild Thyme and
German thyme symbolized as V1 and V2), while the second factor represented combinations of
treatment with mycorrhizae and irrigation with extracts of licorice and cumin, constituting ten
treatments as shown below. Licorice and cumin extracts were prepared by dissolving 10 g of each
in 100 ml of water and leaving it for a whole day, then filtering it and taking 1% and 2% of each
filtrate. The seeds were disinfested with a sodium hypochlorite solution for two minutes, rinsed in
distilled water several times, placed in dishes containing mycorrhizae, and moistened with the
previously prepared solutions, except for the control treatment of distilled water only. The means
were compared using the least significant difference test (LSD 5%).
Treatments :
1- Control treatmentWatering with distilled water (T1)
2- Mycorrhizae(T2)
3- Mycorrhizae + 1% Licorice extract(T3)
4- Mycorrhizae + 2% Licorice extract(T4)
5- Mycorrhizae + 1% Cumin extract(T5)
6- Mycorrhizae + 2% Cumin extract(T6)
7- Mycorrhizae + 1% Licorice + 1% Cumin(T7)
8- Mycorrhizae + 1% Licorice and 2% Cumin(T8)
9- Mycorrhizae + 2% Licorice + 1% Cumin(T9)
10- Mycorrhizae + 2% Licorice + 2% Cumin(T10)
The response to treatments was evaluated by calculating the following parameters:

Germination percentage = number of germinated seeds x 100
Germination rapidity:

1- Germination percentage = number of germinated seeds x 100

2- Germination rapidity (day/seed) = sum of (number of daily germinated seeds x number of
days) / number of days of actual germination

3- Germination homogeneity = number of seeds germinated at the end of the test period/
number of days of actual germination

4- Sapling height: It was measured two months after seed germination.

5- Number of leaves: It was counted at the end of the experiment.

RESULT AND DISCUSSION
Results in Table 1 exhibit a significant effect of mycorrhizae and irrigation with licorice and

cumin extracts on the germination percentage of the two thyme varieties. The interaction treatments
V1T4 and V1T9 displayed the highest germination percentage, reaching 86.67% and 82.67%,
respectively, compared to treatment V2T1, which recorded the lowest germination percentage,
reaching 9.33%. Treatment T4 outperformed the other treatments by recording the highest
germination percentage, attaining 72.50%, compared to treatment T1, which had the lowest
germination percentage, reaching 16.33%. Variety V1 outperformed in germination percentage,
recording 53.67%.



Table 1. Effect of mycorrhizae and plant extracts on the seed germination percentage of two
thyme varieties.

varieties Mean of mycorrhizae
Treatments Vi V2 and plant extracts
T1 23.33 9.33 16.33
T2 56.00 26.33 41.17
T3 60.33 46.00 53.17
T4 86.67 58.33 72.50
T5 49.00 26.67 37.83
T6 27.67 20.67 24.17
T7 66.33 44.00 55.17
T8 42.67 36.67 39.67
T9 82.67 55.00 68.83
T10 42.00 31.33 36.67
Mean of varieties 53.67 35.43 44.55
L.S.D 5% L.S.D v=1.004 L.S.DT=2.373 L.S.D V*T=3.214

Measurement treatment = T1 and mycorrhizae = T2 and mycorrhizae + 1% licorice extract = T3 and mycorrhizae + 2% licorice
extract = T4 and mycorrhizae + 1% cumin extract = T5 and mycorrhizae + 2% cumin extract = T6 and mycorrhizae + 1% licorice +
1% cumin = T7 and mycorrhizae + 1% licorice and 2% cumin = T8 and mycorrhizae + 2% licorice + 1% cumin = T9 and
mycorrhizae + 2% licorice and 2% cumin = T10, V1 = German thyme, V2 = Wild thyme

The results illustrated in Table 2 reveal that the treatment of the seeds of the two varieties, the
German and wild thyme, with mycorrhizae and irrigation with extracts of licorice at a concentration
of 2% and cumin at a concentration of 1%% was significantly superior, recording the most rapid
germination, which attained 5.433 and 5.500 days.seed™, which did not differ significantly from the
treatments V2T5, VV2T6 and VV1T8, which reached 5.567, 5.567 and 5.833 days.seed™, respectively,
compared to the treatment V2T1, which had the slowest germination, elapsing 9.000 days.seed™.
Concerning the treatment with plant extracts, the table clearly shows that the treatment T9
(mycorrhizae at 2% licorice and cumin at 1%) had the most rapid germination, reaching 5.466
days.seed™, compared to the control treatment, which elapsed a longer time for germination,
reaching 8.750 days.seed™. The table below reveals that differences between the two varieties in
germination rapidness were insignificant.

Table Y. Effect of mycorrhizae and plant extracts on the seed germination rapidness of two
thyme varieties.

Treatments varieties Mean of mycorrhizae

Vi V2 and plant extracts

T1 8.500 9.000 8.750

T2 6.900 6.433 6.667

T3 7.700 7.200 7.450

T4 6.200 6.167 6.183

T5 6.433 5.567 6.000

T6 6.433 5.767 6.600

T7 7.767 6.367 7.067

T8 5.833 7.567 6.700

T9 5.500 5.433 5.466

T10 7.900 7.233 7.5665

Mean of varieties 6.917 6.673 6.895
L.S.D 5% L.S.D V=N.S L.S.DT=0.4575 L.S.DV*T=0.6239

Measurement treatment = T1 and mycorrhizae = T2 and mycorrhizae + 1% licorice extract = T3 and mycorrhizae + 2% licorice
extract = T4 and mycorrhizae + 1% cumin extract = T5 and mycorrhizae + 2% cumin extract = T6 and mycorrhizae + 1% licorice +
1% cumin = T7 and mycorrhizae + 1% licorice and 2% cumin = T8 and mycorrhizae + 2% licorice + 1% cumin = T9 and
mycorrhizae + 2% licorice and 2% cumin = T10, V1 = German thyme, V2 = Wild thyme
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The results of Table 3 indicate that the seeds of the German thyme variety were more
homogeneous than those of the wild variety when treated with mycorrhizae and irrigated with
licorice extracts at a concentration of 2% and cumin at a concentration of 1%; this treatment was
significantly superior, yet it did not differ from the T4V1 treatment, reaching 20,777 and 19,500
seeds.day™, respectively, compared to the control treatment T1V2, which was less homogeneous,
recording 7,000. The table results also show that the seeds treated with mycorrhizal, licorice
extracts at 2%, and cumin extract at 1% were more homogenous than the other treatments,
displaying 18,472 seeds. day™, compared to the control treatment T1, which was less homogenous
and recorded 7,410 seeds.day™. It is also evident that the German variety V1 was more
homogeneous than the wild variety V2.

Table 3. Effect of mycorrhizae and plant extracts on the germination homogeneity of two
thyme varieties.

Treatments varieties Mean of mycorrhizae

V1 V2 and plant extracts

T1 7.820 7.000 7.410

T2 13.333 9.553 11.443

T3 12.917 6.583 9.750

T4 19.500 15.663 17.582

T5 12.553 9.833 11.193

T6 9.387 9.800 9.593

T7 13.527 8.443 10.985

T8 12.500 11.000 11.750

T9 20.777 16.167 18.472

T10 10.443 11.553 10.998

Mean of varieties 13.276 10.560 11.918
L.S.D 5% L SDV=0.6058 L SDT=0.5806 L SDV*T=0.8306

Measurement treatment = T1 and mycorrhizae = T2 and mycorrhizae + 1% licorice extract = T3 and mycorrhizae + 2% licorice
extract = T4 and mycorrhizae + 1% cumin extract = T5 and mycorrhizae + 2% cumin extract = T6 and mycorrhizae + 1% licorice +
1% cumin = T7 and mycorrhizae + 1% licorice and 2% cumin = T8 and mycorrhizae + 2% licorice + 1% cumin = T9 and
mycorrhizae + 2% licorice and 2% cumin = T10, V1 = German thyme, V2 = Wild thyme

Table 4 demonstrates the significant effects of the interaction between mycorrhizae and irrigation
with licorice and cumin extracts and the two thyme varieties on sapling height: It was measured two
months after seed germination. length. The interaction treatment T9V2 exhibited the highest length,
reaching 8.000 cm; however, it did not differ significantly from the interaction treatments T9V1 and
T7V1, whose sapling height reached 7.800 and 7.033 cm, respectively, compared to the control
treatment T1V1, which produced the lowest length, reaching 2.267 cm.

Table 4. Effect of mycorrhizae and plant extracts on on the sapling height cm of two thyme
varieties.

Treatments varieties Mean of mycorrhizae

Vi V2 and plant extracts

T1 2.267 3.433 2.850

T2 3.800 4.133 3.967

T3 2.567 2.800 2.683

T4 6.343 6.843 6.593

T5 2.833 4367 3.600

T6 3.933 4.033 3.983

T7 7.033 6.267 6.650

T8 6.000 5.800 5.900

T9 7.800 Aves VA

T10 3.900 2.767 3.333

Mean of varieties 4.648 4.824 4.745
L.S.D 5% LSD V=N.S LSDT=0.394 LSDV*T=0.5900
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Measurement treatment = T1 and mycorrhizae = T2 and mycorrhizae + 1% licorice extract = T3 and mycorrhizae + 2% licorice
extract = T4 and mycorrhizae + 1% cumin extract = T5 and mycorrhizae + 2% cumin extract = T6 and mycorrhizae + 1% licorice +
1% cumin = T7 and mycorrhizae + 1% licorice and 2% cumin = T8 and mycorrhizae + 2% licorice + 1% cumin = T9 and
mycorrhizae + 2% licorice and 2% cumin = T10, V1 = German thyme, V2 = Wild thyme

The table ¢ indicates that treatment T9 resulted in the highest value of 7.900 cm, which did not
differ significantly from T7 and T4, which produced 6.650 and 6.593 cm, respectively, compared to
the control treatment T1, which gave the lowest value of 2.850 cm. Regarding the varieties, no
significant difference was observed between the two of them in the sapling height.

Table 5 shows the superiority of the interaction T9V2 treatment in the number of leaves trait,
producing 11,467 leaves.plant™, compared to the control treatment T1V1, displayed the lowest
value of 4,233 leaves.plant™.

Table 5. Effect of mycorrhizae and plant extracts on the number of leaves of two thyme

varieties.

varieties Mean of mycorrhizae
Treatments Vi V2 and plant extracts
Tl 4.233 4.387 4.310
T2 6.330 6.900 6.615
T3 5.333 6.100 5.717
T4 7.333 8.887 8.110
TS5 5.667 5.733 5.700
T6 6.933 6.400 6.667
T7 10.667 8.443 9.555
T8 7.667 7.233 7.450
T9 10.600 11.467 11.033
T10 5.487 5.333 5.410
Mean of varieties 7.025 7.088 7.057
L.S.D 5% L SD V =0.3985 L SD T=0.4794 L SD V*T=0.6691

Measurement treatment = T1 and mycorrhizae = T2 and mycorrhizae + 1% licorice extract = T3 and mycorrhizae + 2% licorice
extract = T4 and mycorrhizae + 1% cumin extract = T5 and mycorrhizae + 2% cumin extract = T6 and mycorrhizae + 1% licorice +
1% cumin = T7 and mycorrhizae + 1% licorice and 2% cumin = T8 and mycorrhizae + 2% licorice + 1% cumin = T9 and
mycorrhizae + 2% licorice and 2% cumin = T10, V1 = German thyme, V2 = Wild thyme

It is noticed from the table © that the treatment T9 is superior in the number of leaves, reaching
11,033 leaves.plant™, compared to the control treatment, which recorded the lowest value of 4,310
leaves.plant™. Table 5 demonstrates that differences between the varieties were insignificant in the
number of leaves.

Utilizing mycorrhizae increases water and nutrient uptake by increasing the absorption surface
area of the mycelium in the soil, allowing the plant to access more soil; this can enhance
photosynthesis, boost plant growth, and thus increase leaf area (Huang et al., 2018; Yeh et al., 2019;
Wau et al., 2020; Khaledian et al., 2021). These results are consistent with Gutowski (2015) applied
on garden cress, Zadeh and Pirzad (2020) on thyme, Tsulsiyah et al. (2021) on orchid, ROSTAMI
et al. (2021) on thyme, and Alassady et al. (2022); and Altaai and Saad (2024) on bean.

The significant increase in germination percentage, rapidity, sapling height, and number of leaves
in thyme is due to the licorice extract containing Mevalonic acid. Mevalonic acid may be
considered the initiator of gibberellin, so it behaves like gibberellin in stimulating enzymes and
converting complex compounds into simple ones, thus providing the energy needed for cell growth
and division . These results are consistent with Al-Saqaf et al. (2017) on onion, Matter and Al
Ajaily (2018) on garlic, Al-Shewailly (2020) using licorice extract, Al-Rawi and Al-Marsoumi
(2023) using licorice and mycorrhizae on rose, and Khudhair et al. (2024) on maize. The reason for
the significant increase resulting from using some concentrations of cumin extract may be due to its
role in activating the production of antioxidants (Farhan and Chechan, 2020), as cumin contains
carbohydrates, proteins, and vitamins, in addition to containing lutein and arotine, which play a role
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in activating seed germination and growth (Omidbaigi, 2008 and Derakhshan et al., 2010). These
results are consistent with those of Abdulhussein (2016) related to the effect of using plant extracts,
including cumin, on the plumule length of the dill plant and GEDIK and USLU (2019), who used
cumin extract on flax seed germination.Results obtained from the study showed that using
mycorrhizal fungi and plant extracts of licorice and cumin on two thyme varieties significantly
enhanced many growth parameters, including the germination percentage and rapidness, plant
height, and number of leaves when they were used individually or in combination. German thyme
outperformed wild thyme in many traits.

CONCLUSIONS

Results obtained from the study showed that using mycorrhizal fungi and plant extracts of licorice
and cumin on two thyme varieties significantly enhanced many growth parameters, including the
germination percentage and rapidness, plant height, and number of leaves when they were used
individually or in combination. German thyme outperformed wild thyme in many traits.
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