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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.
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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

Los aicion

Max temp . . Mean temp Wind speed Precipitation Evaporation
Year . Min temp (°C .
(C) p (O () (mf5) (mm) (mm)
1395 39.36 14.16 25.93 4 0.9 444
1396 38.73 14.86 25.50 3.6 0 416
4,50 S }:Ilﬂ
Analysis of the field soil
dly : o
PR g S sleosls (S0 colaa oty i O9rs
pH O.M (%) EC (ds.m™) K (mg/Kg) P (mg/Kg) N (%)
Texture
Silty
loam
2L 7.83 1.27 485 225 12.3 0.068
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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.

5Skas Solue olon ARSI s o \%-'5-‘“5)5 e a1 Jdg ks 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 2g . ) Fresh weight ) i 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% 47.521 0.73% 1.12¢ 0.39% 1.47° 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¢ 41.33" 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-2 640.204" 141.45¢ 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° 1.094
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%

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.
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5 Shee 25 . o 5 T b\ 5 . .
) S ™ Electrical S5 Total Prolin Carotenoid/ Carotenoi Chlorop Chloronh Chloroph Chloroph
Blorer Dry matter o conductiv Stomatal Carbohydr e Chlorophyll d hyll a/b I tot§1 yllb ylla
Populations vield ESSef}tlal ity confiuctlv ate (nmol. total (mg.g” (g y N (mg.g” (mg.g"!
Yield oil y1e_lld (mg.g"! 1lty (mg.g”! g’ (mg.g" Fresh &€ (mg.g Fresh Fresh
2 (kg.ha™) (mol H,O FW) : Fresh Fresh ioh ioh
(gm™) Fresh m287) Fresh Fresh weight) weight) cight) weight) weight)
. ‘Wel,
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 0.89fgj
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¢ 1.96¢ 1.68% 0.47%® 1.37fm 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‘_ql 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" 1.106% 0.34¢ 147" 0.31¢ 0.63°" 0.91%
W.Azarbaijan 604.17f 198.06° 58.45% 46.10" 61.36™ 1.01# 1.23% 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?t 1.30¢ 0.281 1.65% 0.21% 0.44™ 0.63"
N.Khorasan-2 447.73™° 103.44i 40.16%¢ 43,120 74.72% 0.79" 1.40% 0.26" 2.39?d 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%® 033" 2.01% 0.19% 0.34% 0.60™
Kerman-3 391.67% 80.657 63.26 29.73¢ 37.88% 0.71m 1.32°}>‘ 0.27 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 1.68% 0.30#ll 0.56}‘10 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 l.le 1.37% 0.23%4 2.32¢f 0.17" 0.27% 0.59™
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.
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Chl a |
(mg.&'FW)
Chl b "
(e # FW) 0.50 1
Chl total o .
(et FW) 0.89 0.85 1
(mgcgi;W) 0.50* 027" 0.45" 1
(um O};fleW) 0.07 0.09 0.09 036" 1
(mgglFW) 0.09 0.09 0.10 0.40* 0.83* 1
(ng}FW) 028" -0.54* 047" -0.02 0.001 0.03 1
R(Y/V)C 035" 044" 0.45" 023" 042" 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
) 008  -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"  -0.60" -0.57" 1
f;/o) 0.05 0.28" 0.18 0.13 0.65 065"  -0.16 033" 068 079" -081" 058 1
0
(kz?;{-') 0.13 0.46™ 0.33" 0.14 0.58"  0.60°  -038" 046" 0767  -0.79" -082* 079" O 1

** * and ™ are significant at a probability level of 1%, 5% and non-significant, respectively.
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Iranian Journal of Horticultural Science and Technology 21 (2): 123 - 138 (2020)
Research article

Effect of Deficit Irrigation on Physiological Traits, Yield and Essential Oil
Content of Twenty Iranian Wild Mint (Mentha longifolia 1..) 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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