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Effect of Deficit Irrigation on Physiological Traits, Yield and Essential Oil

Content of Twenty Iranian Wild Mint (Mentha longifolia L. ) Populations
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Fig. 1. Geographical distribution map of the studied populatlons of M. lonngolza

Table 1. Geographic location and summer climatic conditions of the studied wild mint populations.

— | lis)| 5 Sul
N . Lo aiweS Lo P Jsb e T .
ol e Min. tem Ll Ll Ly ke Seasonal el
Province City .femp. Max. i T = .’D’ Altitude  precipitation Climate
(© temp. Latitude Longitude
. (m) (mm)
(©
| 5 o B Sis-donss
J,«,.;a)' = 11.80 31.77 38392 480705 1472 2451 . w
Ardabil Razi Semi-arid
g | o it - <
5! @5‘ 12.91 3741 35581 512115 2170 11.63 =5k
Alborz Karaj Wet
. T L o PHA
o Olzels?] el 1065 3438 37070  443440° 1824 3239 e
W. Azarbaijan Salmas Mediteranean
-l o7 11.37 38.15 36284 502429 1650 11.76 T
Ghazvin Ghazvin Semi-wet
OLS L o oA o e
o L 17.81 37.54 36551 492458 1348 8.76 25 o
Guilan Rudbar Very-wet
-0k =8 o i Sis-dous
‘s vs‘"’ 11.81 3847 29280 564244 2972 10.04 ] w
Kerman-1 Jiroft Semi-arid
Y-l | i - Sis-dons
ol 7 8.88 3740 29233 571307 3240 13.25 . w
Kerman-2 Rabor Semi-arid
Ay led o it oy iy S
e o 15.43 39.71 30293 563630 1900 1.96 .
Kerman-3 Rafsanjan Arid

Yo


https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.2.4.0
https://journal-irshs.ir/article-1-384-en.html

[ Downloaded from journal-irshs.ir on 2025-10-20 ]

[ DOR: 20.1001.1.16807154.1399.21.2.4.0 ]

f-ole S
Kerman-4
A 3
Yazd-1
Y-op
Yazd-2
By
Hormuzgan
V-l Ll
N. Khurasan-1

v- s ol s
N. Khurasan-2

ol oLl
N. Khurasan-3
@y obel>
S. Khurasan
ol
Lorestan
—oke Jow oz
\
Chaharmahal-1
Ol o>
Khuzestan
—oke Jow ez
A\
Chaharmahal-2

OB 5 Sle (Spdo

o e aan las]
R 8.88 3740 29300 571431 3415 2.65 WA
Bardsir Mediteranean
)")G{° o VAt o ' " =
) 18.32 39.51 31350 541300 1914 0.18 S
Mabhriz Arid
= 1666  39.11 31353 540735 2538 0.18 S
Taft Arid
b i 070 S60198" S
26.70 42.08 28030 560128 1270 1.36 _
Bandarabas Arid
o 12.34 3725 37065 5740738 1689 4.18 e
Esfaraen Semi-arid
Ol 5 ails N i
Mane- 12.48 3847 37280 565358 1653 18.44 e
Semi-arid
semelghan
sk ) 12.34 3725 37170 581026 1153 4.18 e
Farouj Semi-arid
e 10.43 3840 35893 584707 1959 1.13 S
Birjand Arid
N o o o
e 17.10 4143 33310 475900 1043 3.43 23k
Khoramabad Wet
2SR 7.07 3546 322116 502814" 2533 4.55 sk b
Shahrekord Very wet
. 2556 4845 32083 485033 6l 0.00 S
Shoushtar Arid
o7 6.76 33.09 31523 505757 2447 2.62 =k b
Broujen Very wet

To classify the climate, the Domarten climatic method has been used.
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Table 2. The edaphic and climatic conditions of the summer season of the studied research field.
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The weather condition of the field in the summer season

Max temp . . Mean temp Wind speed Precipitation Evaporation
Year . Min temp (°C .
(C) p (O () (mf5) (mm) (mm)
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1396 38.73 14.86 25.50 3.6 0 416
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Analysis of the field soil
dly : o
PR gl S sleosls (S0l colaa oty i O39S
pH O.M (%) EC (ds.m™) K (mg/Kg) P (mg/Kg) N (%)
Texture
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Fig. 2. Effect of water deficiency stress on RWC percentage of the leaf of the wild mint populations (In each
column, the means which are common at least in one alphabet, based on the LSD test is not significant at
the 5% probability level).
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Fig. 3. Effect of water deficiency stress on the essential oil content of the wild mint populations (In each column,
the means which are common at least in one alphabet, based on the LSD test is not significant at the 5%
probability level).
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Table 3. Mean comparison of interactions of population and drought treatment on some physiological traits of the wild mint populations.

5Skee Solas olon g S o \%-'5-‘“5)5 e a1 U L Lol
osle o Slas S " s - l?ﬁ JS by I5 et ) Js Jedo kS B
i B 'y Electrical S Total (rc;::le Carotenoid/t Carotenoi Chloroph Total Chloroph Chlorop
e S o conductiv Stomatal HmO% otal d yll a/b Chloroph yllb hyll a
Populations Dry Essential ity conductiv carbohydrate Chlorophyll (mg.g! g yll (mg.g”! 4
biomass oil yield . ity (mg.g" Fresh 1 Fresh (mg.g . Fresh (mg.g
ield (kg.ha™") (mg.g (mol H,0 Fresh weight (mg.g res Fresh (mg.g res Fresh
yiex Fresh 2gl . ) Fresh weight) ich Fresh weight ) i
(gm?) [ m~S?) weight) - weight ) [ weight )
weight ) weight ) weight )
100 % FC
Ardabil 657.50%" 126.51¢ 27.67% 49.58% 40.63* 0.72'° 0.694 0.359 1.33hm 0.52° 1.13° 1.45°
Kerman-1 836.50° 297.48¢ 20.86" 62.37% 64.02°¢ 0.59% 0.928 0.2374 0.66™ 0.25" 0.76% 0.49%
Lorestan 737.500¢ 136.34¢ 18.334 51.60% 70.474 0.87" 0.79" 0.40% 2.05% 0.51° 0.85¢ 1.70*
Chaharmal-1 588.33¢ 83.28M 40.16%* 4347 39.69™ 0.63"" 1.49% 0.30 1.11m 0.20% 0.48P 0.53™
Yazd-1 522.504 82.77% 29.82M 47.65% 47.5214 0.73% 1.12¢ 0.39% 147 0.35M 0.714 1.04¢
Kerman-2 607.50™ 115.74% 19.39¢ 48.97% 40.86™ 0.89" 1.35 0.30" 1.66% 0.23ma 0.45" 0.71
Alborz 487.50'™ 74.2M 21.881" 35.53™ 41.58™ 0.73 0.74" 0.30" 1.53¢ 0.40% 0.82¢ 1.20%
W.Azarbaijan 817.50° 243.42¢ 19.61" 53.43¢ 50.17° 0.80 0.89¢ 0.23%4 1.16™ 0.27 0.64° 0.71
Ghazvin 827.50° 315.35°¢ 20.89" 58.07% 46.47" 0.79" 0.85" 0.29% 0.68™ 0.34f 1.01% 0.67
N.Khorasan-1 722.00 170.83f 18.11¢ 41.33m 57.74% 0.69™ 0.74" 0.36¢ 1.08™ 0.48% 1.16° 1.25¢
Yazd-2 553.27% 29.02" 16.504 33.67™ 32.36' 0.49' 1.259 0.25M 0.53™ 0.20% 0.67% 0.32°
N.Khorasan-2 640.20%4" 141.458 39.53¢ 52.33d" 57.74% 0.66% 1.24%9 0.25™4 0.64™ 0.21% 0.67% 0.37%
Hormozgan 867.67° 375.7* 13.70! 69.83% 96.1° 2.05¢ 0.74" 0.41%* 1.14m 0.65° 1.52* 1.71*
Guilan 691.83 123.25¢ 19.33 37.50% 49.28" 0.58"™ 0.94¢ 0.34¢ 1.28™ 0.36° 0.80 1.02%¢
Kerman-3 605.00f 102.63% 21.51" 40.10%° 35.58% 0.62% 0.64' 0.23m 2.88%® 0.35% 0.46% 1.31%
Khuzestan 855.00° 350.57° 18.694 65.30% 76.47% 1.95¢ 0.86" 0.39% 0.92km 0.45¢ 1.18° 1.09¢
S.Khorasan 756.00° 207.93¢ 20.18" 52.55 78.36% 1.86° 1.02¢ 0.31% 1.21m 0.30% 0.704 0.811
N.Khorasan-3 667.50% 120.4" 22.81% 48.90% 46.32 1.03¢ 1.35¢ 0.204 0.96km 0.15 0.41° 0.36"
Chaharmahal-2 485.00'™ 20.85" 33.33¢" 35.13™ 51.36™ 0.77% 1.36 0.39% 2.20% 0.29" 0.46% 0.97"
Kerman-4 587.17% 30.52" 24,54 36.47" 36.65" 0.87" 1.03" 0.36° 2.30° 0.36° 0.55" 1.26%
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In each column, the means that are common in at least one letter, , are not significantly different at the 5% probability level based on the LSD test.
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Table 3. Continued.
VS ol \aSgisg,5° .
osle 3,SLos o sle 054 s AR )J:; o JSI_:)E NEREN aJra\s)lf Jedo k5 by 15 @ b S
) S ™ Electrical S5 Total Prolin Carotenoid/ Carotenoi Chﬁ) rop Chltfo N Chloroph Chloroph
Blorexr Dry matter o conductiv Stomatal Carbohydr e Chlorophyll d hyll a/b 1 tot§1 yllb ylla
Populations vield ESSCT}UQI ity conductlv ate (umol. total (mg.g"! (g’ y B (mg.g"! (mg.g"!
Yield oil yle_lld (mg.g"! ity (mg.g”! g' (mg.g" Fresh &8 (mg.g Fresh Fresh
2 (kg.ha™) (mol H,O FW) : Fresh Fresh . .
(g.m™) Fresh m2§) Fresh Fresh weight) weight) weight) weight) weight)
weight) weight) weight)
60% FC
Ardabil 444.17™ 104.49™ 57.12% 30.50 50.87™ 0.86" 1.13¢ 0.35% 1.37¢m 0.31% 0.654 0.89¢
Kerman-1 623.17¢h 244.68¢ 52.50% 51.274 82.36°¢ 2.05¢ 1.25% 0.26k 2,18 0.21% 0.36* 0.71
Lorestan 524174 109.19" 52.73¢ 42,12 82.5¢ 1.964 1.68% 0.47%® 1.37Mm 0.28™ 0.61™ 0.80"
Chaharmal-1 475.00™ 7574 60.02% 39.87% 52.69" 0.69™ 1.78% 0.33" 2.95% 0.19¢ 0.24 0.71
Yazd-1 409.17° 72.934 68.29° 41.78" 58.914 0.85" 1.34" 0.38< 2.65% 0.29" 0.43™ 1.01%
Kerman-2 394.17% 89.43" 46.48% 41.73n 48.58% 1.07¢ 1.62% 0.28 1.44°m 0.18" 0.41™ 0.46"
Alborz 374.17° 67.05q 64.66™ 33.70™ 44.58" 0.91" 1.10¢ 0.34¢ 1.47° 0.31¢ 0.63°" 0.91%
W.Azarbaijan 604.17" 198.06° 58.45% 46.10" 61.36™ 1.01# 1.23%9 0.30" 1.93% 0.25% 0.46% 0.80"
Ghazvin 614.17¢h 240.17¢ 35.99™ 48.87% 53.25h1 1.05¢ 1.19% 0.30¢ 2,594 0.25% 0.36” 0.92f
N.Khorasan-1 608.67™ 164.21° 39.91% 26.53" 71.65% 0.79" 1.24% 0.39¢ 2.220 0.328 0.50" 1.10%
Yazd-2 428.17™ 30.21" 59.98* 21.33¢ 42.28™ 0.53* 1.30¢ 0.281 1.65% 0.21% 0.44™ 0.63"
N.Khorasan-2 447.73™° 103.440 40.16°¢ 43,120 74.72% 0.79" 1.40% 0.26" 2,394 0.19¢ 0.317 0.64%
Hormozgan 650.83¢ 305.51°¢ 35.59™ 57.37% 118.08* 2.80° 2.40° 0.48° 1.20™ 0.17% 0.38" 0.42%
Guilan 478.50™ 87.28™M 42.92° 30.40 53.47h1 0.64" 1.88%® 0.33™ 2.019 0.19% 0.34% 0.60™
Kerman-3 391.67% 80.657 63.26 29.73¢ 37.88% 0.71m 1.32¢0 0.274 1.88% 0.21% 0.39*" 0.67%
Khuzestan 641.67% 298.81°¢ 41.23¢¢ 54.43° 93.69° 2.31° 1.259 0.38" 1.68% 0.30M 0.56M 0.94™
S.Khorasan 542.67% 165.46° 42.20° 43.97Mm 93.41° 2.34° 1.19% 0.359 2.26 0.30" 0.52" 0.97™
N.Khorasan-3 454.17™ 89.36" 52.57% 40.63% 60.52f 1.15° 1.37% 0.23%4 2.32¢f 0.17" 0.27% 0.59™ma
Chaharmahal-2 375.33% 19.63" 64.39% 25.47% 63.76% 0.85" 1.47% 0.320 2.34% 0.22% 0.33% 0.75™
Kerman-4 407.17% 31.81" 45.25% 30.00™ 50.08"° 1.05¢ 1.49% 0.31% 2.75% 0.22™ 0.32" 0.79"

In each column, the means that are common in at least one letter, , are not significantly different at the 5% probability level based on the LSD test.
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Fig. 4. Interaction of water deficiency stress and populations on the percentage of sodium and potassium in the aerial
part of the wild mint populations (In each column, the means which are common at least in one alphabet, based
on the LSD test is not significant at the 5% probability level).
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Table 4. Correlation between physiological characteristics among wild mint populations.

Chla cuib T e (mer (mee  RWC (0 Na K Y EO EOY
gl gl : . . . . ) ) ) -2 ) -1
(mg FW) (mg FW) le) le) le) le) le) (A’) Hzom-ZS-l) (A’) (A’) (gm) (A’) (kgha)
Chl a |
(mg.&'FW)
Chl b "
(e # FW) 0.50 1
(n?gg,tf’;%b) 0.89"  0.85™ 1
(mgcg:i;W) 0.50* 027" 0.45" 1
(um O};fleW) 0.07 0.09 0.09 036" 1
(mg‘;?FW) 0.09 0.09 0.10 0.40™ 0.83" 1
(ng}FW) 028" -0.54™ 0.47" -0.02 0.001 0.03 1
R(Y/V)C 035" 044" 0.45™ 023" 0427 032"  -0.52% 1
0
LP *k ok *k kK kK *k
(ol Hoom2s™y 01! 0.44 0.30 0.05 0.45 0.42 045" 0.54 1
Na sk ok sk ok sese - sk
) 0.08  -0.36 0.24 0.11 -0.54 -0.55 0.38 o5 <069 1
K Kk *k Kk *k *k = Kk Kk
) 017  -0.30 0.26 0.17 -0.50 -0.54 0.27 040 069 0.77 1
(g;-Z) 025"  0.62" 0.49™ 0.06 024"  028° 073" 057" 070" 060" -0.57" 1
EP;/O) 0.05 0.28" 0.18 0.13 0.65" 065"  -0.16 033" 068 079" -081" 058 1
0
(k]z(g') 0.13 0.46™ 0.33" 0.14 058" 0.60°  -038" 046" 0767  -0.79" -082% 079" O 1

e
¢

S sre e g 30,0 B 5 ) Jlaisl e [0l re i 5 4™

** * and ™ are significant at a probability level of 1%, 5% and non-significant, respectively.
LChla=a Js,,ls Chlb=b Lsy,ls Chltotal = J5 Ji,,15 Chl a/b="Db\a Lss,ls Car = assuy,l5 Pro= ,Jg, Ch= J5 oy ,s Car/Chl total = J5 LsgI5\aSs54,5 EL = Ggy cots
RWC =0T s lgima LP = glasss, colon Na™= pow 9 K= ol Y = Sz oole o ,Shee EO = _uilul 0356 EOY = Lusilol o Slae
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Effect of Deficit Irrigation on Physiological Traits, Yield and Essential Oil
Content of Twenty Iranian Wild Mint (Mentha longifolia L..) Populations

A. Moshrefi-Araghi®, H. Nemati, M. Azizi, N. Moshtaghi and M. Shoor!

Mentha longifolia L. is one of the most valuable perennial, rhizomatous, aromatic and
herbaceous plants belonging to the Lamiaceae family. In this study, the effects of deficit
irrigation stress on physiological traits and yield of 20 different wild mint populations were
evaluated by a split-plot experiment based on a randomized complete block design with three
replications. Soil moisture control was performed using irrigation treatments based on 100%
(control) and 60% of field capacity. In the current study, physiological traits including
chlorophyll a, b and total, carotenoids, proline, total carbohydrate, relative water content, ion
leakage, stomatal conductivity, sodium and potassium elements, dry matter yield and
essential oil yield were investigated. There were significant differences (P<0.01) between
populations in two levels of water deficit treatment. The most tolerant populations had the
highest essential oil yield (4.69%), relative water content (69.91%), total chlorophyll (0.32
mg g!) and proline (2.80 umol g') under water deficit stress. Results of correlation between
dry matter yield and all traits except carotenoid content were significant. Finally, five
populations of Hormozgan, Khuzestan, South Khorasan, Kerman-1 and Lorestan respectively
were identified as the tolerable populations and introduced for future breeding programs.
Keywords: Essential oil, Proline, Wild mint, Water deficit.
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