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Table 1. Chemical characteristics of the beeswax waste (BWE) and licorice (LE) extracts

Parameter (units) BWE LE
o9y Nitrogen (%) 7.9 1.8
.3 Phosphorus (ppm) 440 7.4
sl Potassium (ppm) 671 194
ods” Calcium (ppm) 812 141
o e Magnesium (ppm) 253 51
ool Fe (ppm) 96.7 27
&9, Zn (ppm) 75.2 9.4
=~ Cu (ppm) 23.3 1.14
%% Mn (ppm) 11.8 -
JS w5493 Total flavenoid (%) 24 26
JS ol 5l Total aminoacid (%) 22 20
Js” Jsss Total phenol (%) 1.9 27
Js olaeeg s Total carbohydrate (%) 13 9
anl S8l Vitamin C; Ascorbic acid (ppm) 88 13
ool Vitamin E (ppm) 54 -
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Table 2. Analysis of variance (mean of squares) of studied traits of sesame as affected by drought stress, priming and irrigation

E ..
. is o SES (38 Sis o ,
e gle = - o 7 sl D g T e Iy g S
e g slg sly azaly, ‘ azals : azadle i . ) :
w9l < <’ : Plumule Radicle i RSV : SaemSTy
S.0.V d Germination  Germinati Radicle d Plant dry length Plumule MDA Proline CAT APX )
percentage on rate dry matter rnertiler matter length
Drought (A) S5 2 3 18121.2**  1612.%*  109.74**  606.8*%*  1232.6** 11003.1** 366.5**  4758.5%*  233.4%* ] 3]** 1.53%*
Priming (B) L5 i 2 1472.9%* 122.4%* 3.50%* 19.13%* 38.9%* 295.4%* 7.22%* 149.5%* 6.30**  0.034**  0.066**
Irrigation (C) L1 2 165.1* 13.76** 4.10** 21.64%* 44.6%* 181.6%* 7.54** 174.4%* 9.08**  0.043**  (.083**
Ax B 6 222.4%** 17.94** 0.420ns 2.31ns 4.69%* 65.20** 0.934** 22.10%* L.61%*  0.012%*  (0.023**
Ax C 6 39.52ns 2.93ns 0.491ns 2.72ns 5.52%* 44 .90** 0.885** 27.62%* 1.68**  0.010**  0.015%*
Bx C 4 24.34ns 2.47ns 0.489ns 2.55ns 5.27%* 36.19%** 0.910** 33.08** 2.09%*  0.009*%*  0.018**
AxBxC 12 7.88ns 1.00ns 0.249ns 1.26ns 1.63ns 16.06ns 0.338ns 17.93ns  0.370ns 0.003ns  0.015**
Errorolos 108 34.46 2.46 0.337 1.54 0.983 7.39 0.198 8.05735 0.281 0.001 0.0005
CV (%)) &l i oy - 8.08 7.02 3.09 2.53 9.30 5.54 5.07 7.41 9.37 10.45 5.06

G e pas § 3o )d Sy g5 iy ghaw 43 (5,0 cime 0aimd LS ud iy NS 5 FF K
ns = Non-significant. * = Significant at 5% level. ** = Significant at 1% level
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Table 3. Simple effect of different treatments on some germination indices of sesame

o gé:nlf;;:)); Gjnﬁliti;:gte e S 03 el S O

Treatment percentage (Seed day™) Radicle dry matter (mg) Plumule dry metter (mg)
0 99.60a 29.05a 7.74a 17.99a
Drogeht sis co 2 82.35b 25.08b 6.38b 14.85b
rought S sy 70.46¢ 20.45¢ 5.57¢ 12.93¢
(bar) -6 38.18d 11.09d 2.95d 6.75d
. , BWE 78.85a 23.20a 6.0la 13.95a
Priming losiee Ty p 73.02b 21.54b 5.55b 12.87b
w 66.07¢c 19.52¢ 5.42b 12.56b
BWE 71.70b 21.13b 5.51b 12.97b
Irrigation L1 LE 75.10a 22.12a 6.04a 14.02a
w 71.15b 20.99b 5.41b 12.57b

ablgo ol 5 Olagn e ojlas (Jue 555 poe Al ojlae catnsylii i W s LE BWE
BWE, LE and W represent Beeswax waste extract, Licorice extract and Water, respectively
b o LSD yg03T Gulsl 53 0o p0 0 Jlaisl zrlaes 1o (65 ire B (glls st 1o 10 S i Bgym gl )by slanSile
In each column, means with the same letter are not significantly different by LSD test (p< 0.05)

gl yo ojlac b sylol 5o Jleiig 5 ojlac b L]
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=S &= w,lac b d)l-.e-.'] 9 9% Hlewi gt WS
5 F Usaxr) il azalS IS S (55 0 )lse
Lo Jlewigton b % 9 -V oV 25 o ;0 (O
olS 5 Sas (s T b Jlesi b 4 S g
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Table 4. Interaction of drought stress and priming on studied traits of sesame

Treatment

PR . . i b, g8l

o iy ey ""‘b".? = == ufj azaiy, Job azaile Job o 6,|w Slgie S SlawST,
e LS Germination Germination el Radicle Plumule eall o Proline (mol CAT PX
Drought 1)) o ermna rate Plant dry lensth lensth MDA (umol 1 EW (unit mg'! APX 1
level riming  percentage (Seed day)  matter (mg) ength (mm) length (mm) o FW) g ) protein) (unit mg
(Bar) protein)
W 99.77a 29.10a 25.76a 65.56a 12.97a 25.39¢g 2.30f 0.138fg 0.269f

0 LE 99.47a 29.01a 25.70a 64.82a 12.83a 25.55¢g 221f 0.132¢g 0.258f
BWE 99.57a 29.05a 25.75a 66.39a 12.93a 25.35¢g 2.37f 0.142fg 0.277f

. W 72.80d 22.17d 20.32¢ 60.40b 9.21c¢ 34.43¢ 3.56de 0.162efg 0.284
LE 83.99¢ 25.57c 20.72¢ 60.88b 9.44c 32.14e 3.29de 0.194def 0.340d

BWE 90.27b 27.49b 22.66b 62.30ab 10.40b 28.42f 2.85ef 0.203de 0.355d

W 59.23e 17.35f 17.08d 43.17d 7.89d 41.79¢ 5.02c 0.212de 0.307e

4 LE 70.30d 20.43e 18.21d 46.98d 8.26d 40.13c¢ 4.07d 0.232d 0.336d
BWE 81.87¢c 23.58d 20.22¢ 55.58¢ 9.27c 37.80de 3.53de 0.340c 0.493c

6 W 32.48¢g 9.461 8.80f 18.07f 3.77¢ 57.78a 9.24a 0.566b 0.723b
LE 38.37f 11.13h 9.06f 19.40f 3.73¢ 58.18a 9.42a 0.660a 0.835a

BWE 43.69f 12.69g 11.24e 24.76e 4.53¢ 52.31b 8.08b 0.647a 0.817a

wilss ol 5 Sl o bas (s 555 pge dlis ojlas saias Lt oo 4 W s LE BWE
BWE, LE and W represent Beeswax waste extract, Licorice extract and Water, respectively
b ses LSD fyg03T bl 51 0050 0 Jloir] el 50 (g ko sime M slils gt 12 10 S e gy sl slo Silo
In each column, means with the same letter are not significantly different by LSD test (p< 0.05)
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Table 5. Interaction of drought stress and irrigation with various extracts on studied traits of sesame

) Treatment s o s ety oo il i & oyl 6‘%’“ Clgine SRl ST byl
S ol s Plantd Radicle length  Plumule length e Proline (mol g’ CAT APX
Drought level : p) ant dry matter adicle lengt umule lengt MDA (pumol g‘l roline (mol g (unit mg'l (unit mg'l
(bar) Irrigation (mg) (mm) (mm) FW) Fw) protein) protein)
LE 25.85a 66.17a 13.03a 25.32gh 2.25¢f 0.135f 0.264¢g
0 \\% 25.90a 65.60a 12.96a 25.73gh 2.29f 0.137f 0.268¢g
BWE 25.45a 64.99ab 12.73a 25.23h 2.34f 0.140ef 0.274fg
> LE 22.55b 62.08abc 10.34b 28.75fg 2.84ef 0.165def 0.289¢fg
W 20.19¢ 61.05bc 9.20c 34.27e 3.43de 0.196de 0.342def
BWE 20.96¢ 60.44c 9.51c 31.97ef 3.43de 0.199d 0.348de
LE 20.44c¢ 54.66d 9.35¢ 37.88d 3.41de 0.201d 0.291efg
4 W 17.03d 46.36¢ 7.89d 42.10c 5.00c 0.319¢ 0.462c
BWE 18.04d 44.70e 8.17d 39.75cd 421cd 0.264c 0.382d
6 LE 11.42¢ 23.09f 4.47¢ 51.42b 7.87b 0.551b 0.703b
W 8.88f 20.791fg 3.87ef 58.43a 9.46a 0.662a 0.840a
BWE 8.80f 18.34¢ 3.70f 58.42a 9.41a 0.659a 0.833a

"\"“‘L‘G" u] 9 Ol s 0 lac ¢ Juus 5.3 Y A& o lac odumoylis w).m.vW 9 LE BWE

BWE, LE and W represent Beeswax waste extract, Licorice extract and Water, respectively
b ses LSD fyg03T bl 51 0030 0 Jlotir] el 50 (g lo sime M slils gt 12 10 S e gy sl slo Silo
In each column, means with the same letter are not significantly different by LSD test (p< 0.05)
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Table 6. Interaction of priming and irrigation with various extracts on studied traits of sesame

freatment el K25 s e, Jsb el b 2 ol e Sy ool Pusle Slyst!
: PR Plant dry matter Radicle length Plumule length a2l Proline (mol g! (?AT APX
Prim  irrigation 1y g g MDA (umol -1 g (unit mg'l (unit mg'l
(mg) (mm) (mm) F\% g FW) tei :
) protein) protein)
LE 19.44b 51.01b 9.16a 37.27bc 4.48cd 0.329b 0.480b
\\% W 16.46¢ 44.21d 7.82¢ 43.02a 5.66a 0.205d 0.312¢
BWE 18.05bc 45.17d 8.40b 39.25b 4.95b 0.289c¢d 0.420d
LE 19.21b 48.96¢ 8.91ab 38.10b 4.57cd 0.317bc 0.458c
LE W 18.13b 48.78¢ 8.50b 39.49b 4.74bc 0.302¢ 0.441c
BWE 17.91bc 46.32cd 8.29b 39.41b 4.93b 0.295cd 0.428d
LE 21.53a 54.53a 9.82a 32.16¢ 3.23d 0.377a 0.551a
BWE W 19.40b 52.37b 9.13a 37.89bc 4.73c¢ 0.306¢ 0.442¢
BWE 18.96b 49.87c 8.90ab 37.86bc 4.67c 0.300c 0.440c

wile 0l g eyt o)las (s 5055 pye i o las oaias i iy 4W s LE BWE
BWE, LE and W represent Beeswax waste extract, Licorice extract and Water, respectively
b ood LSD 5031 ull 31 0o 30 0 Jloil o 40 (g lo cime IS slilo ot 10 10 S e By > sl slo Silo
In each column, means with the same letter are not significantly different by LSD test (p< 0.05)
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Abstract

In order to study the effect of priming and irrigation with beeswax waste and licorice extracts on
germination, morphological and biochemical characteristics of sesame in drought stress condition, an
experiment was conducted as factorial arrangement based on completely randomized design with four
replications. The experimental treatments were drought stress (0, -2, -4 and -8 bar), priming (priming with
water, beeswax waste extract at 2000 ppm and licorice extract at 5000 ppm) and irrigation with the extracts
(water, beeswax waste extract at 2000 ppm and licorice extract at 5000 ppm). The results showed that the
priming with beeswax waste extract caused to increase in percentage and speed of germination, seedling dry
matter, radicle and plumule length, and CAT and APX activitie in drought stress condition, but MDA and
proline contents were significantly decreased by that. Interaction of drought and irrigation showed that in
drought stress condition, irrigation with beeswax and licorice extract led to increasing CAT and APX activities
that consequently resulted to increasing seedling dry matter and radicle and plumule length. Interaction of
priming and irrigation showed that the highest values of seedling dry matter (21.53 mg), radicle length (54.53
mm), plumule length (9.33 mm), CAT (0.377 unit mg™' protein) and APX (0.557 unit mg™! protein) activities
was assigned to interaction of priming with beeswax waste extract x irrigation with licorice extract. Therefore,
it seems that the most appropriate treatment for alleviating the negative effects of drought stress on sesame is
pre-treatment with beeswax waste extract and irrigation with licorice extract.
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