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Table 2. The results of variance analysis of drought stress and humic acid application on some of morphological traits

in spearmint
a0 . e . . c
T dgpelyl  epaslbol Spdeb Sppe Sppod
o &3 Plant Number of Leaf Leaf Leaf fresh
Sources of variation Ot gbe gt height branches length width weight
Drought stress S i1 2147.047 112.66™ 1.08™  0.27" 64.71"
Humic acid Soogupiaw! 3 400.48"™ 27.88" 1.90" 0.17" 51.41™
(Sesed s A5 998107 6.77" 0.011™  0.02%  3.64"
Drought stressx Humic acid
Error Ls 16 7.62 2.66 0.017 0.02 0.83
Table 2. Continued aldl .Y Jguo
SlS 39 ShS gy SUhS (ig
Ay L P c N
T Wle 5oy adey F 0l Sy a3l A
L 3! stemfresh Rootfresh  Leafdry  Stemdry  Rootdry
Sources of variation Olpmti ibe weight weight weight weight weight
Drought stress i i1 49.96™ 29.52™ 18.20™ 9.04* 6.09"
Humic acid Saogepouml 3 41.52™ 13.69™ 16.30™ 10.28™ 3.87"
Seoged db IS5 5 6o 0.74" 1210 0.64" 0.23°

Drought stressx Humic acid
Error ks 16 0.52 0.17 0.94 0.15 0.06

Sl s ,3) 50 Jlaiml o ;o (13g o gime 5 o Jme B pae Silis s 3 " 5* s
ns, *, and ** represent non-significance, significance at 5%, and significance at 1%, respectively.
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Table 3. The results of variance analysis of drought stress and humic acid application on some biochemical and
physiological traits in spearmint

Ol ok )
4,0 R . . >
T addeyls bldgyls S Jdgyls NPYEN
Sources of o sl Chlorophyll  Chlorophyll Total S Soluble
variation Ok gado Df a b chlorophyll SPAD carbohydrate
Drought stress VST | 138.43* 31.83" 83.10™ 69.83" 0.51™
Humic acid CSoro g s 3 11.35™ 28.08" 60.65™ 43.83" 0.30"
Sageh sl SAS g 11,03 1322 10343 957" 038"
Drought stressx humic acid
Error Ls 16 2.07 2.25 2.17 0.93 0.02
Table 3. Continued alsl.Y Jgoo
Colled ] Cugb ) (glguioro
A 4o . . K e .
o 2" S Sl sl Cdg Il Syt o
Olpdi @do - gOL1 g n Total Antioxidant Electrolyte  Relative water
Sources of variation df Proline  phenol activity Leakage content
Drought stress R SESAL | 3.40™ 0.31" 3085.54™ 1926.57* 1755.65™
Humic acid Seogadiw| 3 1.09™ 0.03™ 389.63™ 201.54™ 263.97"
Swageh el SAS 3 040 0,003 17.54" 30.23" 304.62"
Drought stressx humic acid
Error Ls 16 0.01 0.001 0.74 2.84 3.04

* ok pg

el 2o )0V 50 Jlaiol mhaws ;o o9 s gire g o pme DS pae Slas s g4 5 ¢
ns * and ™" represent non-significance, significance at 5%, and significance at 1%, respectively.

o £ oL (S 5l9 90 lias 3 Srngud sl by Jolona g (i T Cilivio Zgbaas (raKilen dunglio F Sy
Table 4. Mean comparison of different levels of drought stress and foliar application of humic acid on morphological
traits of spearmint

o war-b o SxFoiy  Ble iy e, yoiy Bl S e
ETEI o) LW (G ) Wnge) Wmgpe)  (Gymes) SO
Drought (5 (FoHlw) | eaffresh  Stemfresh  Root fresh Stem dry (4592 55 p55)
stress Humic acid Plant weight weight weight weight Root dry weight
(%FC) (mg/L) height (cm)  (g/plant) (g/plant) (g/plant) (g/plant) (g/plant)
100 0 76.33¢ 16¢ 18.50°¢ 8.53¢ 9.16% 3.98°f
100 87° 17.66° 18.75¢ 9.12¢¢ 9.50¢ 4.56%
500 91.33° 19.91° 21.31° 11° 10.41° 5.48°
1000 1012 24.06° 26.15* 12.50? 12.64* 6.242
70 0 63.33¢ 13¢ 16.50¢ 6.54f 8° 3.32¢
100 66.66¢ 15.33¢ 17.21¢ 7.76° 8.66% 3.85f
500 72.66° 17.68¢ 19.08¢ 8.47% 9.68° 431
1000 77.33¢ 18.50 20.38° 9.50° 10.47° 4.75¢

5,5 K085 b (g s s D9l wuo o iy ezl mhaw 0 LSD 3995) ool 2 g 5 0 alie B> lils slauSile
* Means followed by similar letter in each column are not significantly different on LSD test (p < 0.05).
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Fig. 1. Main effect of drought stress and foliar application of humic acid on number of branches and leaf length of

spearmint. Non-similar letters in each column represent significantly difference based on LSD test at 1% level.
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Fig. 2. Effect of drought stress and foliar application of humic acid on leaf width and leaf dry weight of spearmint. Non-
similar letters in each column represent significantly difference based on LSD test at 1% level.
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Table 5- Mean comparison of different levels of drought stress and foliar application of humic acid on physiological and

biochemical traits of spearmint

o ) . IS Jedg,ls sl IS ©lysarg s
S T Saegmb apl Jedglsa b Jedy s Total g Total
Drought stress  Humicacid  Chlorophylla Chlorophyllb  chlorophyll S5 carbohydrate
(%FC) (mg/L) (mg/g FW) (mg/g FW) (mg/g FW) (SPAD) (mg/g FW)
100 0 6.744 21.19° 27.03¢ 0.53¢
100 7.67% 3.98 b¢ 11.65%¢ 26.76° 0.57¢
500 6.75¢ 7.46° 27.56° 0.59°¢
1000 7.67% 2.47% 10.15¢ 30.73° 0.25¢
70 0 13.512 14.75° 31.93° 0.61°¢
100 9.23b 3.19% 12.43¢ 32.06° 0.25¢
500 10.34° 15.6° 27.26° 1.30*
1000 14.97* 22.56° 34.9% 0.95°

25,05 50085 b (g5l sire glds auo s iy Jleisl e ;0 LD 03] Lull s g 5o 50 aslie g > (sl,ls (sl Sile™®
* Means followed by similar letters in each column are not significantly different on LSD test (p<0.05).
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Table 6- Mean comparison of drought stress and foliar application of humic acid on physiological and biochemical tr;;
of spearmint
Al el cogpsdicds cugb) lgime
S G Saegabaoesl REIP) J8 (1) (Sl ) (1) (s
Drought stress ~ Humic acid Proline Total phenol Antioxidant Electrolyte Relative water
(%FC) (mg/L) (umol/g FW) (mg/g FW) activity (%) leakage (%) content (%)
100 0 0.97° 0.238 19.57f 24.064¢ 43.54°
100 0.114 0.24¢ 20.06f 21.91¢ 40.26°
500 0.10¢ 0.29% 34.16° 18.86° 60.112
1000 0.07¢ 0.36° 36.20¢ 15/57° 612
70 0 1.66° 0.40¢ 44.1°¢ 47.832 22.57¢
100 1.12b 0.46° 44.72¢ 41° 31.67¢
500 0.77¢ 0.54° 51.73° 33¢ 37.28¢
1000 0.71¢ 0.622 60.16* 30.25¢ 43.63°

W, 0S5 b gyl s Dglis wuo o iy Jleisl mhaws 0 LSD 3931 ool g g 5 50 alie By slls slowSilo
* Means followed by similar letter in each column are not significantly different on LSD test (p<0.05).
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1. Melissa officinalis
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