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4- Malvacea
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Table 1- Physical and chemical properties of soil sample (0-30 cm)
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Texture iy pH OC (%) Total N (%) P (ppm)
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Table 2- Variance analysis for the effect of humic acid and drought stress on plant height, inflorescence length, number of
branches and stem diameter of roselle

e 1 i W,
151 <z . ) . .
i gl @3l aa Sy oIS Jsb S8 L Sl Wbl ylad
SXOAY) df : .
Plant Inflorescence length  Number of branches ~ Stem diameter
height
"_’5"_ 2 290.01 322.37 3.08 18.31
Replication
(A) (i i3 2 2273.70" 3960.15” 18.54™ 261.07"
Drought stress (A)
X Sid
e o 4 469.72 295.03 111 4.92
Drought stressx Replication
() “s‘“"”"’ S 3 480.10 172.44™ 4.82" 15.87"
Humic acid (B)
IX Swid g -
Sero g o 6 60.60™ 26.50™ 0.40 157"
(AxB)
s 18 94.99 25.50 0.06 0.69
Error
(10 9) Sy g . 6.60 5.32 3.15 4.13
CV (%)

Bize w9 do)d iy 9 S Jlois] pdaw )3 ) gxe i 4 NS 4

* k%
3

** *and ns: Are significant at 1 and 5% levels of probability and non-significant, respectively.
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Table 3- Effect of drought stress and humic acid on plant height, inflorescence length, number of branches and stem diameter

of roselle
gy 5| o3I Jsb L5 slass 2‘5'“’ )J“;
o Tt (o L) (o ) = ’;‘tgfn‘“
Treatment Levels Plant height Inflorescence Number of diameter
(cm) length (cm) branches
(mm)
s PN dm‘
o . S..:.u.‘ S5 o
(5 ) 755 plocshe) 50 162.58" 112.58* 9.19 25.09°
Drought stress
(mm evaporation of evaporation
basin)
100 14457 95.65" 8.41° 19.30°
150 135.54° 76.28° 6.57° 15.86°
s 137.70° 88.99 7.28" 18.10°
Control
Wl bl 146.46™ 93.98" 7.82° 20.60°
Once irrigation
55l b by
3L Jobee b
s 1S
Sl Saogad Once irrig;tion 152.49° 98.02° 8.38" 20.89°
Humid acid and once
spraying
5 ol b b
sk > . . . .
Once irrigation 153.65 98.36 8.98 20.75
and twice
spraying

A I i doyd gy Jlesn] grdaw 13 SIS (ygei] olol gty > aldie g gyl dlael *
* Means in each column, followed by similar letters are not significantly different at the 5% probability level- using Dancan test.
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9 2o ()8 Claogiad 390 b g olS (559l 58 oS 321
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Table 4- Analysis of variance for the effect humic acid and drought stress on fresh and dry weight plant, fresh and dry weight
sepal and anthocyanin of roselle

. L. s & =' .
LY . . (s3]
R @y % 03 Wy Suid 039 ol 5 s - cosbowasst
% pole ] Plant fresh B 5 G59 S panlS’ Ol gl
A . Plant dry : .
S.0O.V ? weight weight Sepals fresh weight Sepals dry Anthocyanin
df weight
’_"“ i 2 314227378 16319611.8 4288.53 820.08 0.008
Replication
(A) s s 2 197488016  1082244474.3™ 22311733.69" 618038.08" 0.27"
Drought stress (A)
Drought S5 a8 a5 89674548 47787145 50390.15 1049.29 0.01
stressx repllcatlon
(B) Sengeh ! 3 3111171017 17283979.7" 124620.25™ 28102.76™ 0.009"
Humic acid (B)
x e Wt Kk Kk
“g'*"’"’“(’;‘ USB)“‘" o 6 57956595 3299538.3 181618.25™ 5817.49™ 0.0006™
X
Eﬁzr 18 9092051 436098 84895.50 3122.88 0.0022
(o) s o2 - 4.29 4.16 5.59 6.35 13.84

CV (%)

. : . - . - . * kK
)‘3wﬂ)¢£5M)>éﬁ5‘5%J\4*>‘c]@4)3)‘>wwy“i-nsj ¢

** *and ns: Are significant at 1 and 5% levels of probability and non-significant, respectively.

1- Reactive oxygen species
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Table 5- Effect of drought stress and humic acid on fresh and dry weight plant, fresh and dry weight sepals, and anthocyanin

of roselle
o w; e ol s St gy
S = & g Tt " [83)
o P es ok 2 ‘9)59135) ‘9)59135) S ylS 5 (339 ) _ )J.Jgog)gg)
o o (Hus (b Fresh weight (,tSa ,» (L5252 0,55k5) (0,5
Treatment Levels ) ) ioht sepal g
Fresh . Is (kg.hat ry weight sepals )
. Dry weight sepals (kg.ha") (kg.ha?) Anthocyanin
weight plant - 0 haty g (umol.g”
(kg.haY) p g. pmol.g
SUid | s 50 84176° 19589.5° 6541.25° 1100° 0.18°
. "M 100 67625" 15735.7° 5266.33" 891.17° 0.35%
3 50 o sluo)
(e St
Drought stress 150 58923" 13672.3" 3816° 646/58° 0.49
(mm evaporation of
evaporation basin)
5
= 64322° 14972.7% 481.3° 824" 0.31°
Control
d’k‘;' "‘_"““_(i 67604° 15663.6° 5004.3* 846.56° 0.32™
Once irrigation
9 <£)'-:-3i L )'eJi
5L Jglome LS
[l Phiua
i b b ab
Snat] S@QHumld Once irrigation 70977 16508.2 5368.3° 903.44% 0.36
acid and once
spraying
99 Gl b )b
uwb‘bbu )b' a a a a a
Once irrigation 78062 18185.6 5646 946 0.38
and twice
spraying

A I ime doyd gy Jlosn] g 13 SIS (ygei] olol gy > aldie gy (clyls dlael *
* In each column, followed by similar letter are not significantly different at the 5% probability level using Dancan test.

Gl W S g 5 (13 8 B LD 3aaS 1 Sogainnd 9 (SuBS LT e O151-6 Jgan
Tabel 6- Interaction effects drought stress and humic acid on number of branches, fresh and dry weight plant of roselle

Sl FERSLS (IS 3 0,55S) Ba 5 0jy  ([ESB )3 0,5 5kS) AT SS9
Treatment  Number of branches  Plant fresh weight (kg.ha™) Plant dry weight (kg.ha™)

A;B; 8.13% 74338 17280

A:B, 8.63™ 79229 18421

A4B; 9.36° 84717° 19686"

A;B, 9.63" 98420° 22961°

A;B; 7.60°" 62072° 14480°'

A;B; 8.10% 64948°" 15010°'

A,B; 8.83™ 68506 15928°¢

A,B, 9.13° 74974% 17524°

A3B; 6.13° 56556 13150"

AsB, 6.73% 58634 13559

A3B; 6.96% 59707 13910°'

AsB, 7.20° 60793 14070°

A I e oy gy Jlosn] s 13 SIS 903l oll gy > aldie g gyl dlael
level using Dancan test In each column, followed by similar letter are not significantly different at the 5% probability.
Sogubd] (Sengebdol (byns pie oaimd L Loy 4 By g By By By g1 (oM pses St 1 s o Juo 150 9100 50 olao sy s Ag 9 Ap Ay

B Jsbee s 5 )l T L olyan bt o Bl Jplome Jcst 5 ool ST b ohas )bt ()l T L olyon bt
Ay, A, and Az are 50, 100, 150 mm evaporation from pan class A respectively, and B,, B,, B3 and B, are no use, once with irrigation,
once with irrigation+once spraying, and once with irrigation+twice spraying of humic acid, respectively.
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Introduction

Roselle (Hibiscus sabdariffa L.) as a medicinal plant belongs to the Malvacea family. Their active ingredient
increases under water stress. Humic acid bacteria derived from humus and other natural resources have hormonal
effects and can improve nutrient absorption to enhance performance especially under stress conditions.

Materials and methods

This experiment was conducted in the research of agricultural education centre Jiroft in 2013. Field

experiment was carried out as split plot design with three replications. Water deficit stress set as main factor with
three levels (A= Irrigation after 50, A,= 100 and As= 150 mm evaporation from pan class A) and humic acid
was in four manners (B;= non humic acid, B,= once with Irrigation, B3= once with Irrigation + Once spraying,
B,= once with Irrigation + twice Spraying). Humic acid was used to form Irrigation spray in order to arrange
with compactness (10 kg.ha™), (250 mi/100L). In late September, which coincides with the end of the heading,
plant height, inflorescence length, number of branches, stem diameter, fresh and dry weight of plant, fresh and
dry weight of sepals, were examined. Wagner method was used to measure anthocyanin content sepals (Wagner,
1979). Finally, data was analyzed using SAS 9.1 and means were compared by Duncan’s multiple range test at
5% level of probability.

Results and discussion

The analysis of variance showed that drought stress and humic acid had significant effect on growth
parameters, vegetative and generative yield and anthocyanin. Drought stress decreased plant height,
inflorescence length, stem diameterand fresh and dry weight sepals. The highest values of these traits was
obtained in the first level of stress (50 mm evaporation from pan class A). Due to the reduction in mentioned
properties, reducing the pressure tolerance and the subsequent reduction in drought conditions was considered
as division and cell enlargement. The reduction in growth parameters by drought stress can be due to disorder in
photosynthesis and reduction in photosynthetic. The impact of drought on each of growth parameters could
finally lead to a change in the performance of the roselle calyx production.

Drought stress increased anthocyanin content. The highest phenolic compounds anthocyanins (0.49 pmol.g")
was obtained in three level stress (150 mm evaporation from pan class A). Antioxidant flavonoids had protective
effect during drought stress and due to the role of anthocyanin in protection from sun during oxidative stress,
ROS was directly removed. The results showed a significant interaction between stress and humic acid on
number of branches, fresh and dry weight of plants. The highest value of these traits treatment was observed in
first level stress (irrigation after 50 mm evaporation from pan class A) and in four level of humic acid (once with
irrigation + twice spraying). Plant height, inflorescence length, stem diameter, fresh and dry weight of sepals and
anthocyanin were significantly affected by humic acid. The highest value of these traits was obtained in four
humic acid (once with irrigation + twice spraying). Humic acid can reduce the effects of drought, increase
absorption of water and nutrient and the growth of plants by physiological changes in plant and by improving
the physical, chemical and biological characteristics of soil, in order to improve growth parameters, vegetative
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and generative yield and anthocyanin in the experiment.
Conclusion
Sufficient moisture in the soil and high genetic potential for optimum usage of the potential environment are
essential for plants. The amount of humic acid due to its role in improving the nutritional conditions of the plant

can play an important role in offseting the harmful effects of drought stress on the plant.
Keywords: Bio-fertilizer, Calyx yield, Drought stress, Medicinal plant
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