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Extended abstract

Introduction

Plantago ovata is classified in the Plantaginaceae family. Water and nutrients are crucial determinants
of plant growth. Multiple studies indicate that the optimal effectiveness of fertilization occurs when
plants are not experiencing water stress, while irrigation is most effective when nutrients are not limited.
Drought stress is a complex form of stress that leads to alterations in the physiological, morphological,
biochemical, and molecular characteristics of plants. Phosphorus is a vital nutrient necessary for the
growth of plants. It facilitates plant maturation and promotes seed development. Intensive agriculture
carries the potential for over-fertilization. Microorganisms play a crucial role in agriculture by
facilitating the movement of plant nutrients and minimizing reliance on chemical fertilizers. Enhanced
sowing techniques not only ensure the ideal number of plants by promoting better germination, but also
allow for uniform and efficient utilization of land, light, and other input resources by the plants.
Therefore, it is crucial to establish a planting arrangement that can prevent overcrowding and allow
plants to optimize resource utilization with greater effectiveness and efficiency.

Materials and methods

The experiment was carried out as a split-factorial design with a randomized complete blocks
arrangement. It was conducted at the research farm of Zabol University in Chah Nimeh, with three
replications. The experimental treatments consisted of three levels of drought stress: irrigation after 60
mm (non-stress), 120 mm, and 180 mm evaporation from a class A evaporator (severe drought stress)
as main factor. The sub-factor was the combination of seed planting method (flat or ridge planting) and
phosphorus fertilizer types, which included 100% chemical phosphorus fertilizer, Phosphate Barvar2,
and a combination of 50% chemical phosphorus fertilizer and Phosphate Barvar2. The following
characteristics were analyzed: spike length, spike weight, spike density per square meter, grain yield per
plant, individual plant dry weight, harvest index, grain protein content, mucilage percentage, seed husk
percentage, and husk yield. The data analysis was conducted using SAS software version 9.1. To compare
the means of treatments, Duncan's Multiple Range Test was employed with a significance level of 5%.

Results and discussion

The findings indicated that the non-stress irrigation treatment combined with the application of
phosphorus fertilizers resulted in the highest values for spike length, weight of spike, number of spike
per m-2, grain yield per plant, single plant dry weight, and husk yield. The comparison results of the
means of the interaction effects of irrigation and phosphorus fertilizers showed that the highest grain
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yield per plant (2.271 gr) was observed with the non-stress irrigation treatment and the combined use
of phosphorus fertilizers. On the other hand, the lowest grain yield (0.741 gr) was associated with the
treatment of severe drought stress and non-application of phosphorus fertilizers. Additionally, the
highest seed protein (2.305 mg.g seed weight) and mucilage percentage (15.04) were obtained from the
irrigation treatment after severs drought stress with the combined application of phosphorus fertilizers.
The husk percentage, was influenced by phosphorus fertilizers and planting methods with different
irrigation levels. Applying phosphorus fertilizers and utilizing a ridge planting technique, along with
irrigation triggered after 180 mm of evaporation from the evaporation pan, resulted in a 32% increase
when compared to the standard irrigation treatment and absence of fertilizer.

Conclusion

The utilization of phosphorus fertilizers resulted in a beneficial impact on both the quantity and quality
attributes of grain yield per plant. The combined treatments had a more pronounced positive effect
compared to applying phosphorus fertilizers individually. The primary factor contributing to the
superiority of the flat planting method was the accelerated germination of seeds, which facilitated faster
plant establishment. The research findings indicate that the most significant quantitative attributes of
Plantago ovata were achieved through the irrigation treatment of 60 mm evaporation from the
evaporation pan, coupled with the combined use of biological and chemical phosphorus fertilizers using
the flat planting method.
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Table 2. Soil Physical and chemical analysis (0-30 cm depth)

(=Y o il Gos) S (05 9 bt Oloogas ¥ Jgux

Sl el kb ol JTesle BTN P e e
Soil texture K P N Organic matter pH Field Capacity EC
ppm % dSm?
Sandy loam 138 12 0.05 1.05 7.7 24 1.6

g 9095 AL 03] B p Sges Swd 90 bras ST Gl
Sy 995 b S 550 g 3jhe Doty i oland
SIS S )0 0,5l S VO 5 00 i ar ¥ s,k wland
365 30,5 eleal S L abgye glacs,S g, ols
Lesls 5l S Qs jo 0,5 )+ +) Vsl wland o
g Al odls dli 095 oaiile CS S Aol wlal g el
YA ;0085 Oge cuils sl jo 500y ol Sz 5l o
@o, ¥l sl S 0 suws O jgoda CuilS ologroge
D)y fagle B9 VO o 5 a4y 5 (59, 9 om Al L
S g e dle Gezy oS (SR F gV aeye poss
2l e g slaws wl, Jad slel (o ol pll baass
slajlos b i jgliiea delas jgbay O
0539 sabeins (5 caliin Jsbo iy o aziy slas yy otales]
e ST Al 0,Sles g g ST Sl (39 digy ST o3l
Locails o Slae cdls o lis s jalatoay .ol cdls
Glpgcilpy oS e She slbay gladil ol 5l i

ok By Jyesh ol Ojgea il

Jole ety Tl 4y 1SS aw jo Bolas JolS slaSsls
Slom ol O 50 & ol (S B85 sy 2 (Lol
S A S e S 5l et e des VA 5 VY- S
Ad olord g S oS oS P sy p 28 e
25 955 3,5 bl S 00 B ) 50 50
Slad (g 055 L oo gl S (5 i
Ry 095 (oS5 Sras boolies mhae CB V)l
e S35 V)90l Sland (finas 395 9 iy lind
395 b olyom aliy g (592 Bl (aalB) 595 3,5 (9
595 o8 b aiiy 5 s9r Sy Sliwd pow
Sran bolyen aidy 5 55> S5V ,0)l Cland
Voask Oland (w058 g e b Oland g 395 (oS 5
sobiieds 5oy ((aall) 595 5 05 o Ay 9 5>
ooy bl 5 san @S slp Jlewsl i (g5lweslel
3,55 sslareds 5 o 035 e S0l 1 elslS L JLais 50



\f-f }_:SL;‘\/\ ..\l?“sd))' f?lc X IG“ZQ‘SLQJA_;;

2.7 A
2.4 -
2.1 A
1.8 A
1.5 4
1.2 A
0.9 A
0.6 -
0.3 -

0

(rosibw) alcow Job
Spike length (cm)

11 12 13
Drought stress ~  Sis iss
oy w3 g 12 d1 calow Job g Ko o H1) IS

B S ) e e hee VA 3 1Y+ e 5l o 55kl
Fig. 1. Effect of drought stress on spike length. I1, 12 and
I3: irrigation after 60,120 and 180 mm evaporation from
a class A evaporator respectively.
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Fig. 2. Effect of phosphorus fertilizers on spike length.
B1, B2, B3 and B4: control, fertile phosphate 2, triple
superphosphate and fertilizer phosphate2 combination
and 50% chemical fertilizer triple superphosphate
respectively
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Table 3. Analysis of variance (Mean square) of some quantitative characteristics of isabgol under drought stress,
Phosphorus fertilizers and planting method

o alcw olasy ST Al o Sloe ST S (459
L alow Job alsw (39 &0 %0 gy Ay
¥ 2l Spike Weight of  Number of spike  Grainyield  Single plant
S.0.V df length spike per m? per plant dry weight
.. B 2 0.270 0.00003 498542.22 1.8084 55.481
Replication
. 1.7136™  0.00676™  1583072.25™ 55329~  123.729"
Drought stress (A)
E agls 4 0.0797 0.00002 41859.17 0.1134 8.709
)_6_.*3 ,}95 ok *k *k - .
Phosphorus fertilizer(B) 3 0.1098 0.00108 308703.22 0.5799 13.956
. Bl s, 1 0.0189" 0.00022™ 26813.10" 0.0677" 1.212"
Planting method (C)
A xB 6 0.0021"  0.00014 ™ 78310.28™ 0.0630™ 1.893"
A xC 2 0.0001"™  0.00002" 427447 0.0049 " 0.0369 "
BxC 3 0.0002"  0.00001"™ 1588.08 " 0.0019" 0.0810™
A xBxC 6 0.0003"™  0.00002" 2194.89™ 0.0026 "™ 0.1154"™
E b sl 42 0.0027 0.00003 10311.67 0.0114 0.2474
b
(1) Slpedd o pd 2.55 3.47 9.44 7.60 6.14
C.V (%)
Table 3. Continued aoldl .Y Jous
WIS gy Plwge dwoyd  Hd dilwgy duo o
% gl el sl Grain Mucilage Seed husk Wy 0,5 os
S.0.V df  Harvest index protein percentage percentage Husk yield
- S 2 160.795 1.602 2.138 8.500 78427.78
Replication
) 95.519™ 6.284™ 115.348™ 126.740™ 188725™
Drought stress (A)
c Aglbs 4 15.483 0.071 1.356 1.170 4430
a
555 » » . . ”
Phosphorus fertilizer(B) 3 5.552 0.919 17.831 22.698 54338
clls g, ns *x ns = ns
Planting method (C) 1 1.635 0.175 1.063 9.901 681
A xB 6 3.965™ 0.128™ 3.525™ 3.640™ 5006™
AxC 2 2.032M 0.025™ 0.101™ 1.718"™ 177.6™
BxC 3 0.940" 0.011"m 0.085™ 1.337"™ 318.3™
A xB xC 6 1.348™ 0.007"s 0.165"™ 2.606" 577.6™
£ b sl 42 0.876 0.018 0.809 0.804 876.8
b
(d0)0) Sl o pd 4.54 11.19 8.88 2.99 8.92

C.V (%)

A oo i |y ao 0 ) 5 0 mhaw 1o s e o e e oI ST 5 T NS
Ns, * and ** indicates insignificant, significant at significance levels of 5% and 1%, respectively.
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Table 4. Comparison of the mean of the interaction of drought stress and phosphorus fertilizers on quantitative traits

of isabgol
S S 0y grouisS yg,L alcew (539 o0 y0 dlow dlowi wigr ST wild 0,Klae Wi ST LS (39
Drought Phosphorus Weight of Number of spike per  Grain yield per Single plant dry
stress fertilizers spike m- plant weight
g g

B1 0.158% 1146.65% 1.603¢ 9.16°¢

i B2 0.161b¢ 1180.67¢ 1.779° 9.66°¢
B3 0.165° 1374.67° 1.938° 10.51°
B4 0.1852 1713.602 2.2712 12.522

B1 0.146 955,977 1.277f 7.27°

12 B2 0.149¢f 990.65¢ 1.374¢ 7.67¢

B3 0.1520f 1046.76%f 1.434¢ 8.01¢%

B4 0.155¢e 1109.97¢% 1.488¢% 8.53¢

B1 0.123 750.19' 0.741" 5.07

13 B2 0.131 841,32 0.861" 5.70"

B3 0.137" 873.339 1.0299 6.409

B4 0.1429" 925,44 1.1219 6.589
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11, 12 and 13: irrigation after 60,120 and 180 mm evaporation from a class A evaporator respectively B1, B2, B3 and B4:
control, fertile phosphate 2, triple superphosphate and fertilizer phosphate2 combination and 50% chemical fertilizer triple

superphosphate respectively

Means which have at least one common letter are not significantly different at the 5% level using DMRT.
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Table 5. Comparison of the mean of the interaction of drought stress and phosphorus fertilizers on morphological and

seed and biological yield of isabgol

S o yhund gowiiS o)l cllboy sl Al gy g oy Wy 8,5 os
Drought stress  Phosphorus fertilizers  Harvest index  Grain protein Mucilage percentage  Husk yield
% mg g % kg hat
B1 22.685? 0.556! 7.10 327.95%f
I B2 22.5072 0.704": 8.259 390.89¢
B3 22.749° 0.825M 8.449 439.75P
B4 22.048 0.9229" 8.80 524.43%
B1 20.287¢ 0.996¢ 9.191 299.40
12 B2 20.531°¢ 1.038 9.62¢f 326.830%f
B3 20.799°%¢ 1.174% 9.850%f 343.06%
B4 21.759% 1.309¢% 10.44% 361.43%
B1 16.703f 1.436% 10.83¢ 182.78"
13 B2 18.615°¢ 1.535° 11.63% 215.30"
B3 18.963% 1.781° 12.45° 264.48°9
B4 19.817« 2.3052 15.042 311.04¢f
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11, 12 and 13: irrigation after 60,120 and 180 mm evaporation from a class A evaporator respectively B1, B2, B3 and B4:
control, fertile phosphate 2, triple superphosphate and fertilizer phosphate2 combination and 50% chemical fertilizer triple

superphosphate respectively

Means which have at least one common letter are not significantly different at the 5% level using DMRT.



Sl 00y yidion diwlid b dunlie 10 (a9 gos Connd
.(Mehrpouyan et al., 2010)

Pwgo o0

Al et Plawge do 3 uilly 528 @S cw)
C_Ew)b&jwodus)ﬁ)bﬁéouww);ﬁb
slo (Ll B Jguo gl (¥ Jguz) cunl jlo goe doy0 SO
L S wad 5 lewd 51 Phawge duoyo iSlas oS
o 510l 23S 5 G hnd (slooaiiS )l (Rl 018
Slado olaxy zals b as Job sals 5 Jylawe o)Ll
e ST S yie e VAL g VY 4 Fe skl
Dygots 5 ed SlooaiiS o)k 95 oMl g A S
03958l Plowge Xo 0 a0 A gV dga> i i 4y Bl
Ll s )0 Dlewge o) (p JeS pol Ghagh wiles b
0aisS juidol> oo ul38l L aS Jol> 565 G pan pac
L .(Asadi et al., 2015) o 03438 dewge duoyo 5
@ o o YO (5,lol a5l kol g0 s alols zol58l
35 055 B s olyam 4 s o oo A (g Lol el
Jahangiri et al., ) wols il38l 1) Hlwge duoys 7
Lyl o (Lallemantia) oXJb $dwge ol38l (2021
4 olS Su3elsST 6, 5ke 4yl wgy yo eSS
Sl (SS plp 50 5 ye)ke i Bade g (S
Abdolahi and Maleki Farahani, ) o ools canus
(2015

I g 5
003 5, L ply (St 3 iSom 5 SuBlST g S
(V' Jsoz) ad s g do s S mhaw 0 S jald
St 5 Lyl Slals (oS )5 2 p S s (S
boojhnd s g (ploond 055 Al 05 5 Sis
R eSSk 1OFF L Ol e 5 )5 2 p S shee VIV -0
G s 0mls 5 Joliie 6,lal i 5l ails (g o5
aloobw (2 2 (Slo Sl dlia (o 2 (O J5i2) el
@by Jolpe 51 s e (Sas 5 Jleel a8 sl ol
o 0aLE lod 4y S ooaiiS 9,k 0 2,15 (izren
Heidari and Jahantighi, ) oo ails us5g,  ialsl
(Lens culinaris) wac o5y, s, o 5 i (2014
Sslam 955 JLSe o 05 00 Bl Bras Lo
25 lord 955 LS j3 0 ol Ve e LV- gL Dlans
Ahmadi Fard et al., ) cool oo Jool> Joo 5 wlawsd
dls g oo, A s I Sl # g (2012
92 s SO by ) Cand Ay 9 S92 SAE g,
oS &ils (g p s y0mh 52l S o @
Sgr &Ly (§9 % Sl By, 4 o s BT )
sy ol D, (Gholinezhad and Eivazi, 2022)
P9y 53 begd dils (g a5 W3S snmlin Sl Kaag)
The SBT3l i do s G ALy 5 g9 SIS
9y 095 Job (b FelisS b aS wd S asis g 0

o)yl (29519 obS (o) 20590 S ST g y2 b5 (b9 1 (Sl dmnlio £ Jgur
Table 6. Comparison of the mean effect of planting method on the studied characteristics of isabgol medicinal plant
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Means which have at least one common letter are not significantly different at the 5% level using DMRT.
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Fig. 3. Interaction of drought stress I1, 12 and I3: irrigation after 60,120 and 180 mm evaporation from a
class A evaporator respectively. with phosphorus fertilizers and planting methods on seed husk percentage.
seed planting method (R1: flat and R2: ridge) with combination B1 (control), B2 (fertile phosphate 2), B3
(triple superphosphate) and B4 (fertilizer phosphate2 combination and 50% chemical fertilizer triple

superphosphate)
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