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Fig. 1. Interaction between salicylic acid x spermine (a), irrigation x salicylic acid (b) and irrigation x
spermine (c) on number of seed per plant of Isabgol
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Table 3. Variance analysis effect of cutoff irrigation, salicylic acid and spermine foliar application on some of the traits

of isabgol (Plantago ovata Forssk)
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e gl Spike tillers per of seed  1000-seed  Biological Seed Harvest
S.0.V df  length plan per plant weight yield yield index
Replication S 2 0.03 0.08™ 16724 0.004" 5203.2" 3586.1°  5.64"
Irrigation (I) sl 2 0.44™ 0.02m 381142 0.02™ 6995051™ 145372 176
Main Error Lol s 4 0.03 0.03" 4009.2 0.001 26594.2 964 3.16
hmerll ! 2 0.07™ 0.09" 72962™ 0.001" 166709" 17127 94.3™
Salicylic Acid (SA)
Spermine (S) oyl 1 0.13" 0.19m 52186 0.004"s 24067 26136 55.55™
| SA: el sl 5L 4 0.12™ 0.01 154399™  0.006™ 92639.4" 13707 17.75™
X
xS ol 8l 2 0.06™ 0.03" 146079 0.001" 141235 14549 17.76™
X
S:*“’;“" *Seberlosesl 026" 019™ 124860 0.002% 3199047 109287 9.75™
X
X S Lositmnslx (5 s
oyl 4 0.05™ 0.01m 21778  0.012" 297768  10163™ 69™
IxSA xS
Sub Error e 3 gls 30 0.01 0.06 10842.1 0.001 33289 855.5 3.1
CV (%) Olpdd o b - 2.49 7.63 9.29 2.13 7.75 7.26 10.18

By S5 g Jleil maw 50 o pixe o pae BN W3l s 4 *F 5 F s
Ns, “and ™ are non-significant and significant at 5 and 1 percent probability levels, respectively
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Table 4. Mean comparison of effect of cutoff irrigation x salicylic acid x spermine foliar application on some of the

traits of Isabgol

Sles absow Job alo 5138 039 Gy sdles dld oSl cllo g pilh
Treatment Spike length 1000-seed weight Biological yield Seed yield Harvest index
(cm) (gr) (kg.ha™) (kg-ha'") (%)
SA1+Spmi 3.40°h 1.665F 18208 513.5%® 28.2*
SA1+Spmz 3.53¢¢ 1.61f% 2255¢f 321.8¢ 14.3fh
It SA2+Spmy 3.434¢ 1.67°¢ 2315¢f 360.74 15.6°"
SA2+Spm2 3.45%¢ 1.68b<d 2151F 343.8°¢ 15.9¢f¢
SA3+Spm 3.54cde 1.71b¢ 26132 332.5¢ 12.7M
SA3+Spm2 3.00¥ 1.66%f 1601¢ 214.3F 13.4¢h
SA1+Spm 3.16K 1.65%f 2451b¢ 367.8% 15.0%"
SA1+Spmz 3.25M 1.58¢ 2398b-f 433.5¢ 18.2¢¢
s SA2+Spmi 3.18i 1.64%¢ 23864 f 319.5¢ 13.4&h
SA2+Spmz 3.35%h 1.66°f 2513%>¢ 342.8¢ 13.7¢2
SA3+Spm 3.50°f 1.62¢¢ 2453b-e 405.7¢ 16.7¢F
SA3+Spmz 3.33¢hi 1.654f 25784 256.0F 9.9i
SA1+Spm 3.58¢d 1.68%4 23114f 497.3% 21.6°
SA1+Spmz 3.24M 1.79* 22854f 493.0% 21.6°
Irs SA2+Spmy 3.63% 1.73b 2226 485.8° 21.9°
SA2+Spm:2 3.74% 1.67%¢ 2578d 49432 19.3¢¢
SA3+Spmi 3912 1.72° 27952 540.8* 19.5%
SA3+Spm:z 3.53¢¢ 1.63%¢ 26312 528.0% 20.1%

Wil 2oy 0 Jlaisl mhaw 5o (g )ls pae BT W36 S i By sl slay Sils
b Jelome) Soliwdlis aasl B pas pas [SAT wils ol s dlye 10 (6 )lol alad 13 ¢ 20 IS Al o j0 (5Ll adad 12 o 25 pas) wals In
5 ye oz SPMI Vg doo A CE b Sl sl 5L Jsles SAS Vgo oo +/F alé b Sl sl 56 Jgls SA2 (L]

Ngoishee /4T SLIE L n ol 3k Jolone SPMI (o (5L Jlona) (e
Means within each column followed by the same letter are not statistically different a=0.05.
Ir1= control (non-stress), Ir= Cutoff irrigation at flowering stage, Irs= Cutoff irrigation at seed filling stage; SA1= No salicylic
acid (water spray), SA>= Salicylic acid spraying at concentration of 0.4 mM, SAs= Salicylic acid spraying at concentration of
0.8 mM; Spmi= not using spermine (water spray), Spm>= Spermine spraying at concentration of 0.02 mM.
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Fig. 2. Interaction between irrigation and salicylic acid on seed swelling factor rate of Isabgol
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Table 5. Variance analysis effect of cutoff irrigation, salicylic acid and spermine foliar application on some of the traits

of Isabgol (Plantago ovata Forssk)

o o s 5 Sles w2y P 9B (Glpeyed ol
. P . . _
e gl oy 410 hege Al Phowge oy dlwgy ™ )M}e Py 8
S.0.V. e Seed mucilage Seed mucilage Seed husk See'd Swelling rate
df ercentage ield ercentage swelling per gram
p g y P g factor mucilage
Replication NS 2 1.19™ 89,19 1.125™ 0.131 7,46
Irrigation (I) ™ 13.6" 2636.24™ 8.04" 2.78" 179.68*
Main Error ol s 4 0.10 25.63 1.54 0.13 7.82
Sebpcdbs apl 10.24* 65024 1867% 587" 1052.07"
Salicylic Acid (SA)
Spermine (S) ooyl 1 0.02 82446  26.04" 118 46,300
Sebcdbo apwlx ol 15.04* 1002.93"  9.79™ 1.62° 315.52"
IxSA
xS el il 0,241 426.46™ 1,79 125m 53.68m
X
Srorpb Sebpadlosad 4.24m 52946 867 023 43.85m
SA xS
L 12.46" 495.05"  11.04™ 0.46 271.91*
IxSA xS
Sub Error e sl 30 1.40 41.44 227 0.424 41.19
v (%) i oy - 6.90 9.39 2.30 493 8.19

W VO STl | PCE I S PSPPI COEPOR ) CE IR UV S IR PGP s
ns, " and ** are non-significant and significant at 5 and 1 percent probability levels, respectively.

@ bgre d dlug doy0 p e bjles o (2S5l

bgye o] cnynS 5 doys VY L I3+SA2+Spml Jles
(F Jgoz) oy dwoyo £Y L I3+SAT+Spml LS «
akd Ll 5o yd wwgy vy VL @l (nl Gl
deel (S p (Bh gle 5l ails pal p al>ye p0 ()L

e gy o0

Sl s o ols i lnosls il g 4525 51 ol gl
a3l e el xSl sl x (6 )Lo] adad iy
oS L as e S Jleil maw jo d dwgy o
dwlio olul 5 (0 Jgoz) auils (g)ls goe BSI



VWA leli OV als ol psle o lame sla i

OYVY

Gl jsbieas a5 _iule;l ,o (Thakur et al., 2012)
caisls plal (S5 5 4 05 5 5 (55 Sl
Jd (i i Jlesl Ll il o )0 gy woys G YL

30,5 53158 a0 BO/AY Jolre |, 20 5 5

)lel gl Ll 53 5 Yge oo /¥ il L Sl
b Sl dnsl (5 (2l glone S| (00lS al> e 50
Cudo il Fole a5 aal Consmay Vge Lo /A clale
OHlSe 5,555 sl o ol al381 50 Sl ]

05 il (529518 oLS Slio (B 31 30 (oo el x St L sl Cilizin Zgbanw x (5Ll @i 1 (uSileo dumglio o5 Jgux
Table 6. Mean comparison of effect of cutoff irrigation X salicylic acid X spermine foliar application on some of the traits

of Isabgol (Plantago ovata Forssk).

sl e Wlo Plowgo 0)%hoe Plowgoe o5 1 Sy py98 ol B die
Pha b2
Treatment 413 5w go Seed mucilage Swelling rate per gram S )
. . eed husk
Seed mucilage yield mucilage
percent (kg.ha) (ml) percent
SA+Spm 18.0ab 92.0ab 78.0d-f 66.0cd
SA+Spm: 18.7ab 60.0g 70.7e-g 63.5ef
It SA;+Spmy 18.0ab 65.0fg 78.0d-f 65.0c-f
SA;+Spm> 19.7a 67.3e-g 73.3e-g 64.5d-f
SA3+Spmi 18.0ab 60.0g 70.3e-g 66.0cd
SA:;+Spm2 16.0cd 34.31 78.0d-f 64.0d-f
SA1+Spm 18.0ab 66.3fg 70.7e-g 64.0d-f
SA+Spm2 15.0d 65.3fg 84.7cd 64.0d-f
Irs SA2+Spm 14.3de 45.3h 95.7ab 67bc
SA:+Spm2 18.0ab 61.7g 80.3c-e 65.0c-f
SA3+Spmu 19.0ab 77.3c-e 72.0e-g 68.5b
SAs;+Spm2 17.7bc 45.0h 78.0d-f 65.0c-f
SA1+Spm 16.0cd 78.7cd 76.0d-g 63.0f
SA+Spm: 17.7bc 86.3bc 74.0e-g 66.0cd
Irs SA2+Spm 15.0d 73.0d-f 89.0bc 71.0a
SA;+Spm> 13.0e 64.3fg 105.7a 66.0cd
SA3+Spmi 17.7bc 94.7ab 67.3g 65.5c-e
SAs;+Spm2 18.7ab 97.7a 69.0fg 65.0c-e

Al oo do 10 O izl mhaw jo (gl cire B 08B S i By, sl by sl Sl
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P YVao Lo + /A Eile b Sulealo a5 Jslme SAG ¢ Ysa o +/F Ele b Slirsllos el 5L Jslowo SA2 (o 5L Jgloxe)

SYgedo o[ Y clale b yae punl L34 Jslxe Spm2 (o] b Jeloe) eyl B pae pac

Iri= control (non-stress), Ir,= Cutoff irrigation at flowering stage, Irs= Cutoff irrigation at seed filling stage; SA1= No salicylic
acid (water spray), SA>= Salicylic acid spraying at concentration of 0.4 mM, SAs= Salicylic acid spraying at concentration of
0.8 mM; Spmi= not using spermine (water spray), Spmz= Spermine spraying at concentration of 0.02 mM.
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Abstract

In order to investigate the effect of drought stress on qualitative and quantitative characteristics of
isabgol herb, current study was carried out as a split plot factorial experiment based on a randomized
complete block design with 18 treatments and three replications, in research field of the Gonbad Kavous
University, Golestan, Iran in winter 2016. In this experiment, the treatment of irrigation (control (non-
stress), irrigation cutoff at flowering stage and irrigation cutoff at seed filling stage) was the main-plot
and factorial of salicylic acid (zero, 0.4 and 0.8 mM), spermine spraying (zero and 0.02 mM) was as a
sub-plot. The studied traits include: spike length, number of seeds per plant, number of tiller per plant,
1000-seed weight, biological yield, seed yield, harvest index, seed mucilage percentage, seed mucilage
yield, seed swelling factor, swelling rate per gram mucilage and seed husk percent. Analysis of variance
of data showed that in most of the characteristics (except number of tiller per plant, number of seeds per
plant and seed swelling factor), the interaction effects of irrigation cutoff, salicylic acid and spermine,
were significant at 1 or 5 percentage confidence levels. According to the results of the experiment, the
highest seed yield (540.8 kg/ha™") and biological yield (2795 kg/ha™) were observed in the treatment 0.8
mM salicylic acid spraying at irrigation interruptions at seed filling stage. The maximum amount of seed
mucilage (19.7%) and swelling rate per gram mucilage (105.7 ml) obtained foliar spraying 0.4 mM
salicylic acid and 0.02 mM spermine in non-stress condition and irrigation interruptions at seed filling
stage, respectively. According to the findings of the experiment, it can be concluded that the foliar
application of the isabgol herb with salicylic acid and spermine with appropriate concentrations can be
considered as an effective step to reduce the adverse effects of water stress.
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