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Extended abstract

Introduction

Dracocephalum kotschyi Boiss., a member of the Lamiaceae family, is a native species found in central
and western Iran and is knownilocally as Badrandjboie-Dennaie or Zarrin-Giah. It is used in traditional
folk medicine, andits aerial partsiare rich in essential oils. Recent studies have documented several
medicinal properties of D. kotschyi, including immunomodulatory, antihyperlipidemic, antinociceptive,
and cytotoxic activities (Fallah et al.,2020). Drought stress is the most common abiotic stress affecting
plant growth and‘development (Jaleel, 2009). Some eco-friendly agricultural practices can reduce the
harmful «effects of drought stress and improve plant growth and production under water-limited
conditions: Arbuscularmycorrhizal fungi (AMF) can establish symbiotic associations with the roots of
the majority of terrestrial plants. AMF promote host plant growth and enhance resistance to drought
stress. Moreover, AMF protect host plants against the inhibitory and destructive effects of drought
through several mechanisms, including increased water uptake by extraradical hyphae, improved
nutritional status, and osmotic adjustment (Ahanger et al., 2014). The main objective of this study was
to evaluate the growth and biomass production of D. kotschyi inoculated with mycorrhizal fungi under
deficit irrigation.

Materials and methods

This study aimed to evaluate the effects of biochar application (5% w/w of soil) and mycorrhizal
inoculation (Funneliformis mosseae) on the growth and biomass production of D .kotschyi Boiss. under
water-deficit conditions in a pot experiment. Irrigation levels included 100, 70, and 40% of field
capacity, representing normal irrigation, mild stress, and severe stress, respectively. The experiment
was conducted as a factorial arrangement in a completely randomized design (CRD) with three
replications under greenhouse conditions at Shahid Bahonar University of Kerman, Kerman, Iran. At
the end of the experiment, all plants from each pot were harvested. Different growth parameters and
root and shoot characteristics, including root volume, root dry weight, plant height, shoot fresh and dry

*Corresponding author: Gholamreza Khajoei-Nejad; E-Mail: khajoei@uk.ac.ir
© 2026, The Author(s). Published by University of Birjand. This is an open-access article distributed under

the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0).


mailto:khajoei@uk.ac.ir
https://creativecommons.org/licenses/by/4.0
https://doi.org/10.22077/escs.2026.9098.2358
https://escs.birjand.ac.ir/
https://orcid.org/0000-0001-6219-8292
https://orcid.org/0000-0002-5613-6738
https://orcid.org/0000-0001-7853-4887
https://orcid.org/0000-0002-4516-6827

Environmental Stresses in Crop Sciences v

weight, relative water content, electrolyte leakage, biomass production, and water use efficiency, were
examined.

Results and discussion

The results showed that increasing water-deficit levels reduced biomass production by increasing
specific leaf weight and decreasing plant height, leaf number, leaf area, root length, and root weight.
However, water-use efficiency (WUE) under mild stress did not differ significantly from that under
normal conditions, whereas severe drought stress significantly reduced WUE. Biochar application
increased WUE by enhancing growth rate, leaf number, root length, root weight, and root volume.
Mycorrhizal inoculation also improved growth rate, leaf number and area, root volume and weight,
chlorophyll index, biomass production, and WUE. Mycorrhizal inoculation efficiency decreased under
drought stress but increased with biochar application. Despite the significant reduction in biomass
production under drought stress, D. kotschyi appears to employ stress-avoidance mechanisms. The
results indicate that reductions in leaf area, leaf size, and leaf area ratio, together with an increase in
specific leaf weight under severe stress, may represent responses that help‘maintain relative leaf water
content under stress conditions. The findings also indicated that although no interaction effect was
observed between biochar or mycorrhizal treatments and irrigation levels; biochar application and
mycorrhizal inoculation had significant effects on most of the studied traits.

Conclusion

In semi-arid areas, mycorrhizal inoculation and biochamapplication can be considered as strategies to
increase productivity per unit area. Also, under limited irrigation conditions, the favorable response of
plants to mild deficit irrigation suggests that applying mild water stress may serve as an effective
agricultural strategy to improve the production of.D. kotschyi.and. other medicinal plants in semi-arid
regions.
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Table 1. Analysis of variance results of the effect of irrigation levels, biochar application and mycorrhiza inoculation
on growth indices of Dracocephalum kotschyi
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Table 3. Effect of biochar application on growth indices
of Dracocephalum kotschyi
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Table 5. Analysis of variance results of the effect of irrigation levels, biochar application and mycorrhiza inoculation
on morphological characteristics of aerial parts and root of Dracocephalum kotschyi

39S g SCLS (339 SCLS 39 Sy S

a> 4o

B Agr y0 Sy olaws &g Sy a8lw a8lw
S0V L ! Number of leaves  Leaf area per Leaf dry Stem dry Leaf to stem
¥ e g per plant plant weight weight ratio
Irrigation (1) . . - " .
wi 2 29324 75334 2.99 5.07 0.0083
SH
Biochar (B) - . .
- 1 17768 7642 0.323™ 0.275 0.001"™
Pt ]
Mycorrhiza (M) - - * > *
T 1 17402 12375 0.637 0.323 0.0124
359580
IxB
oo x sl 2 2797 4270 0.071" 0.424 0.0065™
P M T 2 1633™ 785™ 0.027" 0.168™ 0.0112"
1325850 x (5l
BxM 1 12.3™ 18.2™ 0.037%¢ 0.008™ 0.0005™
1325850 x ylrgn
IXBxM i 2 1436 "™ 285™ 0.010™ 0.015™ 0.0025™
132 5850x sl gt % (55
Error
s 36 1293 1193 0.090 0.061 0.0025
C.V (%)
i .- 22.0 24.3 28.5 20.5 16.4
Table 5. Continued aolol b Jous
ax)y®
SOV RS GOl wg el Al Job ady, e Al ) ¥ 039 dl ) SUS (459
ot b df Plant height Root length Root volume Root fresh weight Root dry weight
Irrigation () 7 . e e s
rrigation (1 Ny N 1934™ 216  138.92°° 289.8* 7.01°
sl
Biochar (B .
iochar (B) . 1 25 31 127* 25.04** 28.4** 0.078 "
2T
M hiza(M)oo... . " )
™ . 1 56.0" 23.8™ 17.39* 28.49% 0.373*
132 )50
I1xB %
R 466™ 275"  1.86x 433" 0.330
M 1 2 45m 109m™ 0.46 ™ 197™ 0.037 "™
1323950 x (5 3L
BxM 1 38.8M™ 16.9m™ 1.99m 0.0004 0.242 "™
13259590 x ylrgw
P S 240™ 4847 020" 450" 0.083 "
1325850 x sl en x kel ' ' ' ' '
Error
Ls 22.3 25.3 1.72 3.37 0.066
C.V (%)
i . — 134 18.4 20.9 24.8 24.0

*

Josime et ™ o gy Jleil mhaw 10 s e o ye S Jledol gehaw jo s e !
™ Significant at 1% probability level, *: Significant at 5% probability level, ": Not significant
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Table 6. Effect of irrigation levels on morphological characteristics of shoot and root and biomass production of

Dracocephalum kotschyi

Irrigation 9w &kl g el S g2 I g S Kb Jobadyy 7 039N
levels (FC) (. el);3cud,l)  Plant height Nurr;)téirp(i;:]iaves I‘V\?;fgﬂ,:y Root length R?/\(I):i;LetSh
cm g plant?® cm g plant?!
100%FC oy Yoo 43.3+1.307 203 £ 14.7# 1.41+0.093% 28.2+156* 11.8+0.712
70%FC oy Ve 39.4+1.15° 168 + 11.6° 1.7 + 0.089° 30.4+138 7.11+051°
40%FC oy Fe 22.6 +1.20° 118 £6.1° 0:57 + 0.045°¢ 23.3+081° 3.31+0.27°
Table 6. Continued aoldl g Jgu>
9 ,E
Irrigation levels &bl Zobw g S Sl TS gl e e ﬂ:‘: )
(FC) (&) 1) Ellzgtkrggl’)éte Sh\?vc;;;?h Biomass Water use
efficiency
% g plant? g plant? gLt
100%FC KW 53.8+2.10° 14.2 +1.07¢ 3.09£0.23*  0.143 £ 0.00902
70%FC Sy Ve 59.5 + 2.28%® 12.7 +0.742 2.52+0.14°  0.142 +0.0079?
40%FC doys Fe 63.4 +1.36% 5.23+0.26" 1.18 +0.06° 0.081 +0.0040°¢

o gine olis Jslas Ggesl (ol opains (s Lol BBl 03ls oS i By, syl (8 lailinl las + . Kike) slapSile o ,o sl
il so (LSD; P< +/+0)

For-each trait, the means (mean * standard error) with common letters are not statistically significantly different based on the
least significant differencetest (LSD; P<0.05).
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Table 7. Effect of biochar application on morphological characteristics of shoot and root and water use efficiency of
Dracocephalum kotschyi

Biochar Slaxi digy )3 Sy P ()9 & Jsb 4iu, ol & pao o)l

o Number of leaves Root fresh Root len "th Water use

o per plant weight g efficiency

g plant! cm gLt
Non-application

S 144 + 8.83" 6.64+076°  257+129°  0.114+0.0077°
Biochar application . . . .
33y15 )l g 182 £12.9 8.18 £ 0.88 289+1.04 0.131 £ 0.0087

s gl Bl ygesl obolys Sl i (g bol GBS 03l oS e g (ol (5 il sllas £ 4 Sile) claeSilie ko ,2 (sl
azl e (LSD; P< +/+0)

For each trait, the means (mean + standard error) with common letters are not statistically significantly different based on the
least significant difference test (LSD; P<0.05).
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Table 7. Effect of mycorrhiza inoculation on morphological characteristics of shoot and root, biomass production and

water use efficiency of Dracocephalum kotschyi

Sloxy yo S e a

_ »mex O3y ShS SUS (5 . e
Mycorrhiza &g caw Sy Sy Bl x> Ay P 039 A
32,9540 Number of Leaf area ’ Root Root fresh

leaves per Lv?/g;( ?]';y S;[/S(rari] ‘rj{y volume weight

plant g 9
cm? plant? g plant?! g plant? cmd plant? g plant?!
Non-inoculation
- 144 + 9.49° 126 + 13.0° 0.94+0084> 1.12+0.10° 569+059° 6.64+0.79°
pac gl
Inoculation
il 182 + 12.42 158 + 14.72 1.17+0.103* 1.28+0.122 6.89+0.59° 8.18+0.86%
Table 8. Continued aolol A Jous
PIP Root dry weight  Chlorophyll Index weight Biomass efficiency
g plant?! SPAD g plant? g plant? gLt
Non-inoculation
- 0.98 £ 0.14b 53.8 £ 0.98b 9.29 £ 0.83b 2.07£0.18b 0.114 £ 0.0075b
pac il
Inoculation
" 1.16 £ 0.12a 57.6 £ 1.3% 12.2+1.12a 2.45+0.23a 0.131 £ 0.0089a

)l.)é;.v.o Dol oo Q}a)'] bl )‘.)62.'.0 L;)LJ Wiz A3 (S i B9 > ghlo (o luliv] gl £ u‘i"-“’) L_SLmt}&iL.d ko o glp

il o (LSD; P< /4 0)

For each trait, the means (mean + standard error) with common letters are not statistically significantly different based on the

least significant difference test (LSD; P<0.05).
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Fig. 1. Leaf area of the Dracocephalum kotschyi affected by the interaction of irrigation levels

and biochar application
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Fig. 2. Stem dry weight of Dracocephalum kotschyi affected by the interaction of irrigation levels

and biochar application
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Fig. 3. Leaf to stem ratio of Dracocephalum kotschyi affected by the interaction of irrigation

levels and‘mycorrhizal inoculation
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Fig. 4. Root volume of Dracocephalum kotschyi affected by the interaction of.irrigation levels

and biochar application
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Fig. 5. Root dry.weight of Dracocephalum kotschyi affected by the interaction of irrigation levels

and biochar.application
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Table 9. Analysis of variance results of the effect of irrigation levels, biochar application and mycorrhiza inoculation

on leaf physiological characteristics, biomass production and water use efficiency of Dracocephalum kotschyi

s g e Foi9 UL
SOV R sl oyl Judoyls a3l plsn pluil w‘f’ T & pao
o N bl eaf relative Electrolyte  Chlorophyll ~ Shoot fresh ooy Water use
¥ gbe  gf  watercontent  leakage Index weight  Biomass efficiency
Irrigation (1) s .
T 2 61.6™ 378 71.9™ 3727 15.41% 0.0202%
Biochar (B)
S g 1 0.10™ 136 " 345™ 202™ . 1.324"™ 0.0036°
Mycorrhiza(M) . "
I 1 6.85™ 105" 176 99.9 1.735° 0.0036°
795
1xB
9w x (5 okeT 2 62.2"™ 155" 236"™ 9.38™ 0. 773™ 0.0019 ™
IxM
59500 X (5 l] 2 525™ 125" 543 ™ 13,5 0.351"™ 0.0006 ™
BxM
I 3550 oLz g 1 3.94™ 405™ 289"™ 0.031™ 0.109™ 0.0003 ™
IXBxM
I 3550 5Lz gt o5 o] 2 9.50 ™ 25.0™ 24.1™ 125™ 0.002™  0.000005™
Error
e 36 45.7 65.7 82.8 6.47 0.349 0.0007
C.V (%)
Oy sy - 9.9 13.8 10.3 23.7 26.1 21.8

o sine i o8t Jlesol mhaw 10 s dme o ys SO ezl ghaw jo lo gme
™ Significant at 1% probability level, *: Significant at 5% probability level, ": Not significant
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