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Table 1. Analysis of variance of moisture regimes and humic acid spraying on morphological characteristics
Satureja hortensis.

Sl e Sle
Mean squares 33l 4o G ool
D f =
c . . R S oslaws 5o ol egree o .
Gy SES U5 Spdsb o satls sl . f'bj . ‘“; Ch 0 freedom Sources of variations
. umber o us
Dry Weight Leaf Length ~ Number of branches leaves Height
0.06** 0.27%* 237.20%%* 237.20%%* 134.04%%* 3 o
Drought Stress
Al S
0.10%* 3.19%* 129.85%%* 129.85%* 40.01** 3 ) ey
Humic Acid
Lol Ko gon x  SLi
0.002%* 0.57%* 0.0003™ 0.0003™ 0.47%%* 9 . .
Drought x Humic Acid
bl gl
6.67 0.0011 0.0016 0.0016 0.0009 48 S
Error
(1) s sy
3.65 1.11 0.17 0.17 0.13 - ’

CV(%)

* ns

.MJ) \ 9 0 JL«"&-‘ C%—w BE) _)‘)L;'.;u: ‘-/‘bgf.""}?b g/.:.?]?A.v E) T
S % #% Not significant and significant at P<0.05 and P<0.01, respectively.

W S5 gsse GBS R # del Soosr Lo 5 sy e eale Dl ST il deglie - g

Table 2. Compares the average effects of moisture regimes and application of humic acid on morphological
characteristics Satureja hortensis.

Gy SES U5 Spdsk A el sl S s <5 gl sles
Dry Weight Leaf Length Number of branches Nl;rer;lz/zrsof Bush Height Treat
it e
Drought Stress
0.15¢ 2.85¢ 15.83¢ 19.52¢ 19.50¢ DI
0.19° 2.89° 16.63° 22.04° 22.83° D2
0.27° 2.98° 17.33° 25.58° 24.48° D3
0.28" 3.14° 18.73° 28.26" 26.31° D4
Aol S50 sl
Humic Acid
0.11¢ 3.49¢ 15.63¢ 20.69¢ 21.51¢ H1
0.22° 3.15° 16.43° 22.74° 22.60° H2
0.26° 2.75° 17.63° 24.57° 23.83° H3
0.30° 247" 18.83° 27.40° 25.18° H4

S PE VRGIPIV AN o | CEM 03 Ol glasls e [)}cﬂ ol s S i Gy > Gl &S &u;,_i'Lf Osiw A 53
L,lL

Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using
Duncan's Multiple Range Test.
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Table 3. Comparison of the average interactions of moisture regimes and application of humic acid on
morphological characteristics Satureja hortensis.

g S O3 S dsb el sl S sl S gl Al Ko g xS
Dry Weight Leaf Length Number of Number of Bush Height Drought x Humic Acid
(2) (cm) branches leaves (cm)

0.07° 221° 14.33° 16.34° 18.25° DIHI

0.15' 2.79' 15.13" 18.43° 18.94" DIH2

0.17" 3.078 16.33 20.24™ 19.78™ DIH3

021 3.32¢ 17.538 23.07' 21.02' DIH4

0.10" 2.38" 15.13" 18.88" 21.03' D2H]1

0.19 2.56' 15.93! 20.93' 22.24% D2H2

0.22" 3.20 17.141 22.76 23.47 D2H3

0.26¢ 3.45° 18.33¢ 25.59" 24.60° D2H4

0.13™ 2.53™ 15.84™ 22.42¢ 22.75' D3H]1

027" 2.72¢ 16.63 24 47" 23.64" D3H2

0.32¢ 3.068 17.83 26.31° 24.93° D3H3

0.36° 3.60° 19.03¢ 29.13° 26.60° D3H4

0.15' 277 17.23" 25.118 24.028 D4H1

0.28° 2.93" 18.03° 27.14° 25.60° D4H2

0.33° 3.28° 19.23° 28.98° 27.14° D4H3

037" 3.59° 20.43° 31.81° 28.49° D4H4

Al gl g sl M)J@Jlaklck—w)é OSSls (glaals s (),:)'T ol i S e G L;U;ASL;»LB@.{}L:A: Ogiw A 53
O9d) HI (el o b ao s Vo) DA (ol ood b Ao ys A) D3 (ol ood b o ys W) D2 (ol ood )b s ys £4) DI
() S 5 C;dl*‘ £0+) H4 ((aol Sosen mde:nY'H)H:% HEWH FE PP mfdl.:a\m)HZ (ol Ko 3 5518

Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using Duncan's
Multiple Range Test. D1 (40% of field capacity), D2 (60% of field capacity), D3 (80% of field capacity), D4 (100% of field
capacity), H1 (control), H2 (150 mg.I"" humic acid), H3 (300 mg.I"" humic acid), H4 (450 mg.I" humic acid).
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Table 4. Analysis of variance of moisture regimes and humic acid spraying on physiological characteristics

Satureja hortensis.

Sl e Sle
Mean squares bl s _
D f = C
. b L . egree 0 o
ey S A5 55,8 S5 s s JBo s a Js s oo froedom Sources of variations
Carbohydrate ~ Carotenoid Total Chlorophyll Chlorophyll Proline
chlorophyll b a
0.26%** 0.26%** 1.04%* 0.26%** 0.26%** 1335.87** 3 < o
Drought Stress
Aol S 50
320 %* 3.22%%* 12.84%* 3.2]%* 3.2]%* 387.06%* 3
Humic Acid
Lol Ko gon x  SLE
0.053** 0.054** 0.22%* 0.055%* 0.056** 13.85%* 9 . .
Humic AcidxDrought
bl ol
0.0017 0.0018 0.0054 0.0014 0.0013 0.0019 48 oS
Error
(1) i
1.31 2.36 0.57 0.63 0.53 0.16 -
CV(%)
Aoy ) 50 Jle! éa.« BY) J\bd'.u ‘J\bd’uﬂ.&a S 9 = os

S % #% Not significant and significant at P<0.05 and P<0.01, respectively.
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Table 5. Compares the average effects of moisture regimes and application of humic acid on physiological
characteristics Satureja hortensis.

) ST I Sk b sk a Jds,18 oan s
Carbohydrate Carotenoid Total chlorophyll ~ Chlorophyllb  Chlorophyll a Proline Tre;it
(mg.gr) (mg.gr) (mg.gr) (mg.gr) (mg.gr) (umol.gr)
§ P C)bv-"
Drought Stress
3.11¢ 1.67¢ 12.58¢ 5.87¢ 6.71¢ 36.7° DI
3.17° 1.73¢ 12.68° 5.92° 6.76° 30.26° D2
3.25° 1.81° 12.85° 6.00° 6.84° 24.62° D3
3.40° 1.96° 13.16° 6.16 7.00° 15.15¢ D4
Aol S50 sl
Humic Acid
2.73¢ 1.29¢ 11.83¢ 5.49¢ 6.34¢ 32.60° H1
3.02° 1.58° 12.38° 5.77° 6.61° 28.66" H2
3.42° 1.98° 13.20° 6.18° 7.02° 23.84° H3
3.75° 231° 13.86° 6.51° 7.35° 21.63¢ H4

A (g5l e Dol Ao s == Jlezx| Clahﬂ)a OSSls (glawslsdar (),:)'T ool s S rie Uiy lls &S &Lawil.:a Osiw A 3
Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using Duncan's
Multiple Range Test.

by Maze Sl GSle wlie bl
(U Jsa) del Soopen SLdske 5 L]

Lol Soogon 1) 53 p S s 00 5 oy b
Sl odsn 3 4 Ol s o 50S 5 (D3H4) seon oy Sdnsd Slhe e i Sot

Yyy



ﬂ‘f\ b e.,\})'ﬁ.b)o.,\..:)' LSLQU,Z‘MSA_:J_@}J_}J.\S
sl Sulpl b S Ws jakie ppo m Shegs
sl Al JﬁéJJJS)\J..E.a sl &,:»).:AJ" oslai!
Lol Soogen i Lyl s 53 eomens ((VE)
Sl Gl o Ky sl Sodld 58
buge o Cl s (V) s5d e oS (5 5
i sy oo s b jsba 5 Ol 35S
s Seosed 5,8 :J.f& Bt JALK
oS Jos o S el W55 5 pua g (5l

V) das o il 53l 2o Lol 5wl

sk 5 s s b Ao b s lSes
Jsdz) ol csas DTHD) sl Sogon o e
b Dl Sean Ol dan Ol i (4
Aol Seased e O3 5 £l) S b Ao
3,08 iSean 5l ol Slude o 5.8 5 (DIHID)
e S ke 0 5 sy b Ao Vel
S gen ol sy (DAHA) ) Sosen 2
SalS Ly sl ole SasSeds @y L dl
e 3l 5 OF Oslajl 3 camitins 5 G s
cole dilg e oS el 5 Sowbe 5 5 ke
03 1y (6 b 3l ge JUinl 5 s 15311 Lo 555,
b sa Lis IS (e uenn (YY) &S 50T oS
iols QL sl Sn ot b e 53 (5 50 polde

o8 ) s A o Aol S gep (S 3008

w30 S5 GBS 5 g el Seagr 2 sl 5 rsb) G il ST 5ile amlis 1 s
Table 6. Comparison of the average interactions of moisture regimes and application of humic acid on

physiological characteristics Satureja hortensis.

SdagS A5 55 s 8 b s 85 a Jis s oon el S gt xS
Carbohydrate ~ Carotenoid  Total chlorophyll ~ Chlorophyllb ~ Chlorophyll a Proline Drought x Humic Acid

(mg.gr) (mg.gr) (mg.gr) (mg.gr) (mg.gr) (pmol.gr)

2.47° 1.03° 11.30° 5.23° 6.08° 44.79* DIH]1

3.06' 1.62! 12.47 5811 6.66' 39.90° DI1H2

3.34¢ 1.902 13.03¢ 6.09¢ 6.94¢ 33.37¢ D1H3

3.57¢ 2.13¢ 13.51¢ 6.33¢ 7.18¢ 28.75¢ D1H4

2.65" 1210 11.65" 541" 6.25" 37.20° D2H1

2.85' 1.41' 12.02' 5.59' 6.43'! 32.76° D2H2

3.46" 2.02° 13.30° 6.22" 7.07" 26.12" D2H3

3.71° 227° 13.77° 6.46° 731° 2498 D2H4

2.79™ 1.35™ 11.95™ 5.55™ 6.40™ 29.11° D3H1

2.98* 1.54 12.31" 5.74% 6.58" 25.56' D3H2

3.34¢ 1.902 13.02¢ 6.09¢ 6.93¢ 22.80* D3H3

3.89° 2.45° 14.10° 6.63* 747 21.00' D3H4

3.0 1.57 12.401 577 6.63 19.31™ D4H1

320" 1.76" 12.74" 5.95" 6.79" 16.42" D4H2

3.55° 2.11° 13.45° 6.31° 7.15° 13.09° D4H3

3.86 2.42° 14.07° 6.61° 7.46° 11.78° D4H4

Al gl g sl M)J@Jlaklck—w)é OSSls (glaals s (),:)'T ol s S e G L;U;ASL;»LB@.{}L:A: Ogiw A 53
O9) HI (el o b ao s Vo) DA (ol ood b Ao ys A) D3 (ol ood b o ys W) D2 (ol ood b s ys £4) DI
(el Ko s C;dl*‘ £0+) H4 ((aol Sosen mde:nY'H)H:% HEWH FE PP mfdl.:a\m)HZ (el Ko 3 518

Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using Duncan's
Multiple Range Test. D1 (40% of field capacity), D2 (60% of field capacity), D3 (80% of field capacity), D4 (100% of field
capacity), H1 (control), H2 (150 mg.I"" humic acid), H3 (300 mg.I"" humic acid), H4 (450 mg.I" humic acid).
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Abstract

Background and Objectives: Satureja hortensis plant is a medicinal, annual, Herbaceous
belonging to the family Lamiaceae, which is used as a medicinal plant and spice, as well as
fresh vegetable. Various plant species show a wide range of resistance to drought due to their
physiological, morphological and biochemical adaptations. The use of various organic
fertilizers, including humic acid, has been widely used to improve the quality and quantity of
crops and gardens without harmful environmental effects. Hormonal effects and enhancement of
the absorption of nutrients to enhance performance, especially under stress conditions, are the
effects of humus derived humic acid and other natural sources and growth stimulating bacteria.
Considering the dry and semi-dry nature of a large area of Iran, it is necessary to save water;
on the other hand, nutrition is important in the yield and quality of the effective materials of
medicinal plants. Therefore, the purpose of this study was to investigate the effects of drought
stress and humic acid on morphological and physiological characteristics of Satureja hortensis.

Materials and Methods: The experiment was conducted as a factorial based on a completely
randomized design with four replications in greenhouse conditions in 2017. The moisture
regimes were applied at four levels of 40, 60, 80 and 100% irrigation, based on the weighing
system of pots and humic acid solution in four concentrations of 0, 150, 300 and 450 mg/l.
In the 6 to 8 leaves stage, Drought treatments were applied to the pots. Humic acid was applied
in two stages in the desired concentrations. The first stage of spraying was when the plants were
in the 4 to 6 leaves stage and the second stage was done two weeks after the first spraying.
About 7 weeks after application of drought treatments, traits such as plant height, number of
branches, number of leaves, leaf length, plant dry weight, proline, chlorophyll a, b and total,
carotenoid and carbohydrates were measured.

Results: The results showed that the highest plant height, leaf number, number of branches
and plant dry weight were obtained under irrigation conditions at 100% FC and spraying with
450 mg/l humic acid; While the highest leaf length, chlorophyll a, b and total, carotenoid and
carbohydrate were obtained from irrigation treatment at 100% FC and 300 mg/l humic acid.
Also, the highest proline content was obtained from irrigation treatments at 40% FC without
humic acid application.
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Conclusion: Along with increasing stress and reaching 40% of FC, decrease in the amount of
physiological and morphological traits of Satureja hortensis occured. Meanwhile, humic acid
had a positive and significant effect on these traits. Finally, by improving the absorption of
nutrients and the development of vegetative and reproductive parts, the physiological and
morphological traits increased. The highest effect of humic acid treatment on drought stress of
Satureja hortensis was in 450 mg/] treatment. Therefore, using of humic acid may improve
morphological and physiological characteristics of Satureja hortensis.

Keywords: Carbohydrate, Carotenoid, Chlorophyll, Plant dry weight, Proline
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