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Introduction

Competition for water resources is a critical challenge globally and in Iran, exacerbated by climate change
threats. Medicinal plants, such as Zataria multiflora (Shirazi thyme), represent vast divine potential and, with
proper planning, can play a special role in the non-oil economy. This species, native to rocky habitats, possesses
limited global distribution and significant antibacterial, antifungal, and therapeutic properties, including proven
anti-stress effects. Meanwhile, the application of cow manure as a biological fertilizer enhances soil porosity and
organic matter. This improvement leads to better soil fertility, physical and chemical properties, and water
retention capacity, thereby facilitating root expansion and the absorption of water and nutrients. Consequently,
this results in improved growth and yield. The objective of this study was to investigate the effects of irrigation
levels and cow manure on the growth and canopy production of Shirazi thyme under field conditions in
Mashhad.

Materials and Methods

The experiment was conducted in the research fields of Ferdowsi University of Mashhad during the 2020-
2021 growing season. A factorial experiment was designed within a randomized complete block design (RCBD)
with three replications. The treatments included three irrigation levels (3000, 2100, and 3900 cubic meters per
hectare) and four cow manure levels (41.76, 52.2, 62.64 tons per hectare, and a control with no manure). Key
morphological traits and yield components were measured, including plant height, leaf area index (LAI), and
biomass.

Results and Discussion

Reducing irrigation volume had a negative impact on the morphological characteristics of Shirazi thyme,
such that the number of lateral branches, plant and stem height, leaf area index, major and minor diameters,
weight (plant, leaf, stem, and flower), and total yield decreased. One of the probable effects of drought stress on
plant dry weight can be attributed to the reduction in leaf area due to physiological factors occurring within the
plant. In this experiment, the treatment of 2,100 cubic meters per hectare reduced leaf area by 47% compared to
the treatment of 3,000 cubic meters per hectare. In this regard, it is likely that the reduction in photosynthesizing
surface area and the consequent decrease in photosynthates led to a reduction in leaf weight. Furthermore, with
the reduced allocation of photosynthates to the stem—uwhich serves as the structural support for the aerial parts
of the plant—its weight also decreased, consequently leading to a reduction in plant height. As a result, aerial
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growth was restricted, the canopy diameter and number of lateral branches diminished, and the plant ultimately
suffered from growth retardation and a reduction in dry weight. Cow manure application notably enhanced the
lower canopy diameter and the wet and dry weight of flowers. For example, the irrigation treatment at a rate of
3,900 cubic meters per hectare yielded the highest flower dry weight compared to other levels of manure
application at 12 grams per square meter; this amount represented a 100% increase compared to the control. No
significant interaction between irrigation and manure treatments was observed on most traits, suggesting
independent effects of each factor.

Conclusion

Both irrigation and cow manure significantly impact the growth and yield of Shirazi thyme. Adequate
irrigation is essential for maintaining high biomass and essential oil production, while cow manure improves soil
fertility and plant health. These findings highlight the importance of integrated water and nutrient management
for optimizing medicinal plant cultivation in arid regions. For farmers in similar climatic conditions, a balanced
approach to irrigation and organic fertilization is recommended to maximize yield and maintain soil health.
Future research should explore the long-term effects of these practices on soil properties and plant health,
contributing to more sustainable and productive agricultural systems.

Keywords: Irrigation management, Leaf area index (LAIl), Medicinal plants, Morphological traits,
Vegetative growth
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Table 1- Physical and chemical properties of the soil (0-30 cm depth)
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Table 2- Physical and chemical analysis of cow manure
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Table 3- Analysis of variance (mean of squares) for the effect of irrigation and manure on growth parameters of Zataria

multiflora Bioss.
Tt 2 e 2 St e
. O >J 3 H N _ . o o b
| B Doy (P s 5 ol o
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SOV oF \atoral Leafarea ~ Bush ~ Smalltop  Largetop  Stem bottom bottom
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J?‘b * ns ns ns ns ns ns ns
Block 2 13.85 0.045 22.7 32.63 34.98 46.2 151 0.57
ol - e - - . . . -
Irrigation 132.42 0.342 300 612.23 233.21 571 6.35 8.50
@13 39§ ns ns ns ns ns ns ns *
Manure 3 2.78 0.03 26.2 20.75 10.81 29.4 4.23 3.57
liza
“Ikx |\le 6 3.09" 0.012" 20.2" 18.43™ 22.35" 237" 1.34" 0.71"
F;::aizl 22 3.19 0.02 22.92 25.49 18.15 3550 178 1.14
a5 i
C)#\Tss ((;; 19.1 26.8 12.3 16.9 18.7 13.2 13.7 105
V. ()
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*and **: significant at the 5% and 1% probability levels, respectively, ns: not significant, $: coefficient of variation.
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Table 4- Analysis of variance (mean of squares) for the effect of irrigation and manure on plant weight of Zataria multiflora

Bioss.
R W 503 ’:5‘::’ 5 5o 9 (339 o9l 09 o9l 09
. o Lt . 4 [€D) = = e w o = e
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o - - - - " - "
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| .
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* and **: significant at the 5% and 1% probability levels, respectively, ns: not significant, $: coefficient of variation.
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Table 4- Analysis of variance (mean of squares) for the effect of irrigation and manure on plant weight of Zataria multiflora
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*and **: significant at the 5% and 1% probability levels, respectively, ns: not significant, $: coefficient of variation.
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Figure 1- Mean comparison for the effect of irrigation on leaf area index of Zataria multiflora Boiss.
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Figure 2- Effect of irrigation on plant height and stem height of Zataria multiflora Boiss.

sobdn (ol 398 el zolaw 3)LS Bl Jialejl

b0 oyl &S 2,55 o] dilu g g las,l jd MBI (o)l Gixe
Tutoni, Mousavi, ) o,LSen ¢ S5 Lialejl jl Juols zoli L
aSg gLyl as ws)S by bl ceul sLas s (& Mitra, 2021
S gty 0,5 by Gal8l (e 395 LS Ly (L ]
Y8 Olieedn (old 258" ez o> Ve 0,8 > glas)] oy iy
el gaod VY Lilidl cely (pl a8 00 )3 sdaline yio gl

A Al 4 Comd gy

sl 4aL slass

s o sylal jless o3l 1 (3:S0ke duslie | Jols ol
i ialS g Wi jlags Jloe] o8 ol i b8 ol (sloasls
Sl laasls sl zals cel o5 s 99 4 Cuns (5yl]
4 o Wil 5 (ol 2310 liee &S5 pgby b oS 5o
ol o s )3 g ol 0l (o> FO ialS oy Wa
T ol Bl B3 ol a8 (Gl Wi e iulo]]
Wi sless gdaw jl )bl Gaal33l b Blie )3 5 sl oo a3L5 cir
Coin VoW lieds g 00 b olS o (b clasls Ao
¥ JS5) Gl 0y 4L

Sl gt Sl S 35 ol ] ol o ot
aS g ygbot b 4l 35 gl Cpiugl sl claasls sl )
Slaw yials w8 sdaliin Lol ey gm0y FO S
sladiss g5y ook lagtalefl o (Sis 5 ol slaasls

Machiani, Javanmard, Ostadi, ) ,LSes 5 SLob
Sl p &S wzsh ol ;0 (Morshedloo, & Chabokpour, 2021
i 4l (B gl Wigr gl (StS i a3
b il g e lge s Hhde GEalS L 8k 5 T 3geeS wcuul
oialS o 5l Galisee (bS5 ool )8 s cos b 500
elis)) Shals 4y oo o ()8 g gt Co s ¢ Judg)lS clale
(Akhzari & Kavian, 2021) 395 .0 45gs

A4Sy o (R (pizmen g pole laaidl 4 425 L
Fiowg > JHS] an plos e 1y oS )] (ials oS a0
o Sl el opiwgid dla o i el g Gl dgmeS dlawlgay
oSt ,blay (Luo et al., 2023) olS 1, Jls 3 by yisu
gSmg) 5l Called g 18IS el Sl > S daas,
1 0LS gl il il (g jimgid dlge JUil g 0D Lials
s il S el (S i &Sl gl ol (> d8le ja
odly yials Iy dBl (sla Jokw 0)lesd (g piybllasi] 5 00335 Jokw
SIS 5 39500 gt n o cpl (A5 ool don 3 s
oS g (i Sl S o g hlS olS (i) 4
lacadgime Wil o IS 55 4 oyt Cawlus )b
A8l e 1 395 il 3 SB Cugh) 39008 31 ) (595
5 dnwg Sl (sl ool 2 B carge O 39:a8 S o
LS et 4 298 0 LS g Bl )3 pogadas Jolo pund
DRaLS () 3l BlsSa 1y olS (59 (S omlia LB I gl
Abdi, ) sl (aseis LaS s ojlul a5 aes U gl
(Asghari, Abolhassani, Amerian, & Bodi, 2022



VYLl g0 Sdes (bbb ) Sluoguas p (o010 995 4355 9 65T (W ylowd 1 (quwy 1 oy So g (gOLikoits

25

[23) adls slaw
Number of branches

s ol quo)] sl &S cul osd 555 u*“‘"?i 3 eddato

2100

a
a

20
15
10
5
0

w1 W2 W3

3000 3900

(s o s y20) ]
Irrigation (m*ha)

il oy gl ool 4Bl BT 3 (65l 51 il duan o Y IS5
Figure 3- Mean comparisons for the effect of irrigation on the number of lateral branches of Zataria multiflora Boiss.
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Figure 4- Mean comparisons for the effect of irrigation on total fresh weight, leaf, stem and flower of Zataria multiflora Boiss.
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Figure 5- Mean comparisons for the effect of cow manure on flower fresh weight of Zataria multiflora Boiss.
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Figure 7- Mean comparisons for the effect of cow manure on flower dry weight of Zataria multiflora Boiss.
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