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Abstract

Background and Objectives: Medicinal plant Plantago ovata is effective in treating
gastrointestinal disorders and improving intestinal function due to its bioactive compounds,
such as mucilage. Given the importance of psyllium as a valuable medicinal plant and the water
resource limitations in many regions, this study aimed to investigate the effect of sowing date on
the growth and yield characteristics of psyllium under different irrigation regimes in the climatic
conditions of Rafsanjan, Iran.
Methodology: This experiment was conducted during the 2022-2023 growing season in
Rafsanjan, Iran, at a farm located at 30°24'N latitude, 55°59'E longitude, with an elevation of
1467 meters above sea level. The area has an annual average rainfall of 120 mm and maximum
and minimum temperatures of 43°C and -5°C, respectively. The experiment was laid out in a
strip-plot design based on a randomized complete block design (RCBD) with three replications.
Irrigation treatments, applied in the horizontal strips, included four levels: 40%, 60%, 80%, and
100% of the crop water requirement. Sowing dates (March 10, 2023, March 25, 2023, April 10,
2023, and April 25, 2023) were assigned to vertical strips. Irrigation treatments were initiated
after complete seedling establishment (3—4 leaf stage) and continued until physiological
maturity. The irrigation water requirement was calculated using AGWAT software, with water
volumes of 1430, 1144, 858, and 572 cubic meters per irrigation for 100%, 80%, 60%, and 40%
water requirement levels, respectively. Data analysis was performed using SAS 9.4 software,
and means were compared using Duncan's test at the 5% probability level.
Results: The results showed that the highest plant height (24.1 cm), number of tillers (6), spike
length (14.3 cm), and number of spikes per plant (27.7) were achieved under the 100% water
requirement treatment and the March 25 sowing date. Additionally, the highest number of seeds
per plant (1245), seed yield (1876 kg. ha™), and biological yield (5357 kg. ha™) were observed
under the same treatment. The highest harvest index (35.9%) was recorded with the 100%
irrigation treatment and the March 10 sowing date. Furthermore, the maximum thousand-seed
weight was obtained under the 80% water requirement (1.94 g) and the March 25 sowing date
(1.88 g). Moreover, the highest mucilage content was reported under the 100% water
requirement (23.9%) and the March 10 sowing date (22.4%).
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Conclusion: Overall, the findings demonstrated that sowing date and irrigation level
significantly affect the growth and yield characteristics of psyllium. Delayed sowing and
reduced irrigation levels led to significant declines in plant height, yield components, seed yield,
biological yield, and harvest index. Therefore, selecting an optimal sowing date and ensuring
adequate water supply can improve the performance of this medicinal plant.

Keywords: harvest index, medicinal plant, mucilage, number of tillers, seed yield, spike
length.



e Sl e a3, 5 sl fb LS OVY

(Plantago ovata L.) 03 yaw! (68 yChos § (suhdy Dlwoguas » (ST Cilicke Sl 3y § bl o sb Wi
Dby 2158 90T L5 59

#Y Z . \ Ve .
&lﬁ-\as&ahp\w) a:b&é&&h@
Q‘j.'.‘ ‘Q\J@' % r\...r Sssls P o) v,.s saSzsls ‘Lg)')}Li‘.Sa}; ‘)LL:\;'M‘—\
Sl ol 5 ply sl (tige 5 5 008l (55,5LES 558 lsliad (J st saiy 5 =Y

Mohammad.azimi@pnu.ac.ir : sy Sl

VEF ol etk b VEF sl ol POlol ol VFY LT sl gl

oSz
ol 5o hwse wbe ww Jwb GlaeS 5 oo Lls s 4 (Plantago ovata) o) il ool olS S 5 aile
5 il ool ol S plsis 4 el YL el 4 g b e s besg, o Shes ss s 201 sbssles
o Shes 5 gz, Olosas il @.)\3 ﬁ\-' ooz o badlle ) gble 51 ool 5o g,j @\-'w YR PREN
P P PN [ ) N W [ E S PO SRCIP S O W
Yo oo wlilin Olasu b glas 5 53 5 olaid; glie g 5o VFNNFeY ol b 5o (ol ol (b i, 5 ol
Fade VT sVl S0k Sl 5 Uss daw 51z VFRV plinl o (32 48 04 5 455 00 Jsb ( Jle 4ids YF 5 an o
F GbSsh £ b B s ol b S Sopon Gl s plnil i epmde a0 =0 5 FY ilas 5 Slas sles
e s Bl S S s Tk Ao, Ve s A Ee e Jels e e s bl lsles s el LSS Y L ol
Lol s @o5es DS 5o (VF0Y 0aass 3 Y0 5 F-Y cuasy 3 Ve AP il YO NP il V) cslS
Solal Of ol il aalsl K55p 58 S, b5 as Jsl S FUY alo o s 5 Lasald Ll il 51 e o]
OVY 5 AOA ONFY NFYe s adosn T 580 A N bl gl S sba ol amlos AGWAT 3l 5 ale
0 Jluiml o 53 Sy 53] L e Silie amslie 5 SAS 94 13315 b laosls oot st Ge S 2 53 O o e
A el as s
(YV/V) 5 53 alioe sliss 5 (o8l VE/T) i Jsb s ) amy ol (e sl YY/N) s il iy 45 ol ol el il
£ SRS VAVE) &l 5 Shas (VYFO) 451 53 4ls 3aws e iy scmizmad ol Cows & Xl YO 2218 o3 5 o 5L s Voo Jlag 5o
ol panls s sanlie aaul YO ctlS g5l 5 ol 5l aoss Voo Sl 5o (S s oSS OFOV) s 5 Shas 5 (1S s
238115 535 o it ecnl s odle el s 4y il Vo 38 b s gl 5L Ao Ve e e 3 (45 YO/R) Jlie i b 39
Voo Dl 0 Dhse i it N5 S 3l Aad S (0,5 VA il YO 28 5k 5 (p 5 V/AF) Ll 56 asss A Lles
0 S 1 (Y/F) el Ve S 2, 5 (o YY/4) ook Ao
5 eai; Shosas  ms BB U bl ol s sl ol 4 ol ol s ) s (IS sba g S e
o Shas lial wig plissl 5o et 2l carse lal ol (2l 5 atls s Ll 0 65l sl oS 5 Shas
sor & 5 s ol 15 el s celie canlS b Gl s Sl G le s s 0 Shes il 5 Shas
S SaS oS ) s Shas

s Jsb aly 5 Shas camy slaw 3 0 (25l oS sl aali igudS leosls


mailto:Mohammad.azimi@pnu.ac.ir

0Ny

FoS ar i gl 5N Loy 2alS oS 0z 50 s
bl 5o (Khan et al., 2017) 55 8wy sla)lesle
2w cald cale canpley (SKasang 5 Kas
a5l b sl e aSdy el DI 1 WS Ll s Shas
BY-1) u‘“ﬂsﬁ b uT 4 a\,j JL.: ‘&T C;L..A )\ ST,
(Alietal., 2017)
O o Ang Capde 5 Sl a3 s S Sl
oS alge 3l (Sidans 5 Kax bl s a4 o
Ls.)‘j)\.} O\AL‘.;)J &—\. uSL”‘u*:-’ M\S) .)JS.\AE‘— Do 6\J.3
51 S ol A o pae (Ghalkhani et al., 2023) s
5 Kas bl 5o spsa ioslaS 5 ol bl
e 51 S olge 4 ol apnS ] Sisans
oblS s She 5 as, 2l celwcel,) o saiSs pime
53 ol cwal Ws 4 (Clagys & Inze, 2013) 55s
sl 5 5 st 5 a5l QLS (550558 ol 5
SS9 s 5 .,\;\j:;‘f kg)\."cj alizes LSL%-.’.}) (Sdre 3l g0
r.a)) u\;w\ Ao ) u.,\)a ML s o\,SJS.\AL,M)j
o5 s 5 b S SWS oS a4 wlg e cmlie bl
ladss (Li et al, 2019) asl awls glag > Shae il
- C-ERP A P u.a:Lf Slee 4 o) janl &S cudlsals gl

I e N R R S I
it Jol e s oS @Y 5B e s u.j T2 o e
oS Bl 5 oS s Sas a4 Nl 2
Koocheki etal., ) 48 a8 o1 5| ol s)ls &Y yame
(2011
Jole 55 plge a ol a5 cals 'c..)\ﬁ'
Sl 5oy s e bl el S s Lol
Jole Glsen cel l5 oo cnlis clS )b Ol
358 2les 5 b, Cslhe Gbae,ps LolS ws, ol
L @.Y el Sl oS oo 5 oo LS, Ol a5l S
(s~ 5 (Khaeim et al., 2022) sas . 253
» ol ol wbs b Al e e Sl s,
Eb e Sl Sl Gl ol 5o e e

¥ oolet Y ale ) e s sl oS Slidies anlias

doddo
@.LM 53 88 loanlp caenl Ws 4 ool HLS
S ol ax 5 )50 sl il 5 2148 (3lesl
ol il Sl S wlas S s oloslas 5 ol
Dls Jds 4 &8 el (Plantago ovata) o awl o)l
olos 5o e Wl gy b bS5 oos
asly Oogs besgy o Sas 55 s @'b‘)g sl
S o5 aul (Przybyszewska et al., 2024) c..|
s bl Sz 508 bl ap ol ALK 5 Lils
Six il byl a b el s 5 sl e sl mae
Tewari et al., ) ol @by 5 ol @blu s ol s

(2014
JALC 92 ;b)'ja.w\ A.LA.>)\ ;&JJ\J Q\.h\..g oS B
s oS 5 B JSe 4 dlse S e Ll
W] Copde 5 C2lS @.)\5 Aol J\*gj‘-’\" oS s
(=i e Jelse D) S ol 4 cusls @)\3 o]
B ,\J\y@) 3)\';;;;“ J.u\ e\.:; BV &L&U&f‘fuw
2 oele o @\-'»’ S Gose e (NS s Sy
Shrestha et al., ) szl 138 5b LS sl 2 Ses
23 o sl bl 5l Sl 4 el é,)\;‘ .(2018
g Ay et sl il LS sl b se
ol cwlie Ol L(Baygi et al., 2017) sl gl
5l s ol slhe Ll a0 S ol 3 Ll e calS
s boald cole )l (S8l e A b
Khaeim et al., ) a8 SWS 5a8 5 2, Jol e 5o s
Jsb 4 gl Su5 as 2 & SLLE s 5354 (2022
w\.w W\S é)\a .b}}w\ Mh cﬁaw‘ M\} M) k}.dé
Mosavi et ) azl azls s Shas 5 oslae ol 5 Wil 5
53 53, Jdob 5 Lo Ol i 4 cw\) 5 ol @l 2012
LB e ol s 3l @3\.@: s le, o J.m J:L
only sles (2 e 3 1 olS el (Sae o &s s c2lS
5 .(Shrestha et al., 2018) s, alyl wz, 5 Jrals
S el (Ses r@\;.njg cas\s ‘Jga"; &



o okl il Sy 5 S b "

cals Fl a8 ol ol o)l oS s, » adlla
5 s M) s 4 Ky e plite bl ;’K:-"‘U)
L .(Roostanezhad et al., 2021) .S &S oLS al;
CaiS 5SS L Jelss ol s bl G
Sy el it ablie L5 o34 (2§ Jyame
el i Ollas w3 ool ool Lyl
S ol & siael VL comnl 4 amg L
5 ol 53 el lacassame 5wl o)l
PRORICr P (- W PE XU adlas ol (bl
6\-“@3) Cov o) hel 60 Sas 5 s, Sl sas
el gl oloa 5 O Ll s bl Gl

g 9 0lge
Ol g 5o VFNNFY el Jle s Lalesl )
Yo oo elbdlan olase | glas )50 50 5 plnid,
aids 0% 5 ax,0 00 Jsb (Jles aids V¥ 5 oan s
SHoL 5Sle 5 Lo clﬂ-w S e VYRV el (B
S0 5 FY i s Sl sles 5 ke VY aVL
Slopsol Ghls wiki s bl ol 8 sle ax)s
Gl orss b et n claosls il ULy 5 Kis

) 80 Aj\)‘\ J}.,\.& BE uu.h}j

Oy

,» (Rivandi et al., 2024) .S 5,8 ) sl S
plie 5l S olss a4 ol & Sasaas 5 Sas bl
3 cal Blie a3l 5550 55 o (ol ke 3500
calS Jle glae 4 a4 os e Jele
S cysby cmlin el B 4 ol S o8y
aals) 5o Ul oag ol il 5 s sl s sl 5o
sl o5 b olS T e s S s b
B sl (oSl 2ol s Shas 5 oat axlse
Gl 35S L1 ol s, 4yl Jole ool (S
ol a i GG Al s WS sl
(Saha et al., 2022) u»s olis g e 5 Sas
Capde 5 i8S gl 5wty 55 ol ol
ol oblS o Sas 5 sut), Slosas 6l
oblS s i Sl Jle olye 4 el saz ol
o3l las (Cuminum cyminum) e o 5 wsle o)
e ol s el culs Fob bl & el
53 ol bS5 S Sl Bl e Sk Wl
Co e &S as oo olis ca\.u ol sl azls obls o
oS 5 Shas o & ‘6)\=ﬁTyd-i\5J*L° 30 P A
58 W pasls il S e S5 slse Ll Bl S
cu {Mollafilabi & Esfandiari, 2018) cw.l 3.

VEANEY el e s olesT osss (b olrind ) Kty st oK) (8lbe) wlislps Ll =Y Jsus

Table 1. Monthly meteorological statistics of Rafsanjan synoptic station during the experimental period in 2022—

2023 crop year
Rainfall (mm)  Min temperature (°C)  Max temperature (°C)  Sunny hours
Month
2022-23 2022-23 2022-23 2022-23

(February 20 - March 20) 40.6 4.81 16.8 6.52
(March 21 - April 20) 31.7 6.91 18.9 5.31
(April 21 - May 21) 174 14.1 26.1 11.3
(May 22 - June 21) 0.4 19.2 35.5 125
(June 22 - July 22) 3.04 20.8 35.9 11.7

Total rainfall during the growing season 93.14
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Table 2. Physicochemical characteristics of the experimental soil

ocC EC Potassium Phosphorous ) )
%) ds.m? pH (ppm) (ppm) Nitrogen (%) Soil texture
0.52 1.14 7.71 137 11.2 0.38 Sandy loam
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Table 3. ANOVA of irrigation and planting date effects on Plantago ovata yield components

M.S.
S.0.V. df. Plant Number , Number of  Number of 500 (0 oq
X of tillers Spike length  spikes per seeds per R
height weight
per plant plant
Replication (R) 2 0.10™ 1.02 0.007™ 650™ 0.003™
Irrigation (I) 3 662" 51.6" 11.27 3257828 0.227"
RxI 6 0.29 0.16 0.005 295 0.003
Planting date (P) 3 21.07 5137 0.460 1364317 0.039”
RxP 6 0.08 0.47 0.011 7073 0.005
IxP 9 27.17 1.437 0.188" 15518™ 0.007"
Experimental error 18 0.10 0.12 0.010 3965 0.003
Corrected total 47
C.V. (%) - 10.8 8.71 14.5 11.7 2.98

ns

, " and ”": non-significant, significant at p= 0.05, and p= 0.01, respectively.
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Table 4. Means comparison of irrigation x planting date interaction on Plantago ovata yield components

Irrigation level . Plant height N.umber of Spike length Number of Number of
(% of crop water  Planting date tillers per . seeds per

. (cm) (cm) spikes per plant

requirement) plant plant

1 March 23.5° 5.67° 3.05° 25.0° 10071°

100 - 16March 24.1° 6.00° 3.14° 21.7° 1108

30 March 23.7° 4.33° 3.01° 22.3° 882°

14 April 23.8° 4,00° 3.01° 22.3° 882°

1 March 22.8° 5.67° 3.01° 25.3 1090°

80 - 16March 23.7° 5.67° 3.10° 29.0° 1245°

30 March 22.7° 6.00° 3.06° 21.7° 869°

14 April 22.5° 6.00° 3.01° 21.7° 821°

1 March 14.7° 5.00° 2.17° 5.22° 216°

60 - 16March 16.6° 5.67° 2.50° 5.00° 228"

30 March 12.1° 3.00° 1.82° 2.33° 82.0°

14 April 13.8%* 3.00° 1.29° 1.33° 40.3°

1 March 10.2 1.67° 1.41° 2.00° 75.3°

20 - 16March 10.1' 1.33¢ 1.09' 1.33 53.3°

30 March 5.17° 0.670" 0.870° 1.00° 8.33°

14 April 5.13° 0.670" 0.8509 1.00° 4.00°

In each column, means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Table 5. Means comparison of irrigation and planting date effects on Plantago ovata 1000-seed weight

Main factor

1000-seed weight (g)

100 1.93*

Irrigation level (% of crop 80 1.94%
water requirement) 60 1.78°

40 1.65°

1 March 1.86"

a

Planting date ;g mz:gﬂ igﬁc

14 April 1.76°

For each factor, means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Table 6. ANOVA of irrigation and planting date effects on yield traits and Plantago ovata mucilage content

M.S.
S.0.V. d.f. . . Mucilage
Seed yield Biological yield Harvest index
content
Replication (R) 2 11271 70784 5.89™ 0.214"
Irrigation (I) 3 6688947" 54001210" 872" 90.1”
RxI 6 2739 43652 5.03 0.002
Planting date (P) 3 6475600 5636636 160™ 16.7"
RxP 6 3738 136858 6.02 5.32
IxP 9 58579" 523454™ 158 0.268"
Experimental error 18 2189 10574 2.24 1.07
Corrected total 47
C.V. (%) - 5.78 10.2 4.93 4.93

ns *

,",and ”": non-significant, significant at p= 0.05, and p= 0.01, respectively.

o)Al S0 5 3 Shoe Slio  cslS &L X
Table 7. Means comparison of irrigation x planting date int

bl e 3 ke anlis =V Jsun
eraction on yield traits and Plantago ovata mucilage

content
. Seed yield Biological yield Harvest index
Irrigation level (% of .
. Planting date 1
crop water requirement) kg.ha %

1 March 1629° 4545° 35.9°

100 16 March 1765° 5357° 33.4%

30 March 1234¢ 3500¢ 35.3°

14 April 1060° 3104¢ 34.1%

1 March 1696 4897 34.9°

80 16 March 1876° 5303% 35.2¢

30 March 1166 3312¢ 35.2°

14 April 1190¢ 3392¢ 35.1°

1 March 409" 1186° 34.5°

60 16 March 433" 1297‘e 33.4%

30 March 1288 378" 33.9%

14 April 1028 298" 34.1%

1 March 1458 402° 31.6°

10 16 March 1158 462‘: 28.5¢

30 March 5.320 89.3 5.97¢

14 April 2.82h 67.6" 4.15¢

In each column, means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Table 8. Means comparison of irrigation and planting date effects on Plantago ovata mucilage content

Main factor Mucilage content (%)
100 23.9
Irrigation level (% of crop 80 22°
water requirement) 60 20.3°
40 17.5°
1 March 22.4°
16 March 21.4°
planting date
30 March 20.5°
14 April 19.6°

For each factor, means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Table 9. Correlation of Plantago ovata traits affected by irrigation and planting date treatments

Numb
Plant e.:r of Spike Nu.mber of  Number 1000- Seed Biological Harvest Mucilage
height tillers length spikes per of seeds seed yield yield index content
per plant per plant weight
plant
A B C D E F G H I J
B 089 1
C 088" 099" 1
D 093 092" 092" 1
E 0877 0797 078" 0.92" 1
F 0.87" 0827 082" 0.86" 0.83" 1
G 090"  0.99"  0.98" 0.91" 0.81" 0.81" 1
H 09" 099"  0.98" 0.90" 0.80" 0.80" 0.99" 1
I 0.81"  0.52 0.51 0.70" 0.74" 0.77" 0.53" 0.52" 1
J 0.93" 086" 086" 0.92" 0.84" 0.84" 0.88"" 0.87" 0.76" 1
Tand significant at p= 0.05 and p= 0.01, respectively.
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