Lsﬁ) @LC > )= ‘SL..}AA@@M.M
Environmental Stresses In Crop Sciences
2 Journal homepage:

University of Birjand https://escs.birjand.ac.ir

. . https://doi.org/10.22077/escs.2025.7211.2269
Original article

The role of phosphorus fertilizers and planting techniques in
mitigating drought stress in isabgol (Plantago ovata Forssk)

M. Khavarit*, M. Ramroudi2, A. Ghanbri3

1. Ph.D. graduated of Agroecology, University of Zabol, Zabol, Iran.
2. Associate Proffessor, Department of Agronomy, University of Zabol, Zabol, Iran
3. Professor, Department of Agronomy, University of Zabol, Zabol, Iran

Received 6 February 2024; Accepted 18 June 2024

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 efféctiveness of fertilization occurs when
plants are not experiencing water stress, while irrigation is mosteffective 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 tolestablish a‘planting arrangement that can prevent overcrowding and allow
plants to optimize resource utilization with greater effectiveness and efficiency.

Materials and methods

The ,experimentswas 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
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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
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 beth 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. fdaetor 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.

Keywords: Drought stresses, Flat or ridge, Mucilage, Rhosphorus fertilizers, Seed husk
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Table 1. Mean of rain and temperature of weather station near the research location
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Table 2. Soil Physical and chemical analysis (0-30 cm depth)
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Fig. 1. Effect of drought stress on spike length. 11, I2 and
13: 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
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S.0.V df length spike per m? perplant dry weight
S 0270  0.00003 498542.22 1.8084 55.481

Replication

) 1.7136"  0.00676™  1583072.25" 5:5320™  123.729™
Drought stress (A)

E agls 4y 0.0797 0.00002 41859.17 0.1134 8.709

)_6_“5 .395 ok *k ke ke .
Phosphorus fertilizer(B) 3 0.1098 0.00108 308703.22 0.5799 13.956

culs d:)’) * ok ns * *
Planting method (C) 1 0.0189 0.00022 26813.10 0.0677 1.212
A xB 6 0.0021™  0.00014 ™ 78310.28™ 0.0630™ 1.893"
A xC 2 0.00012> 0.00002"s 4274.47™ 0.0049 s 0.0369 "
BxC 3 0.0002™  «0.000014" 1588.08 "™ 0.0019 " 0.0810"
A xBxC 6 0.0003 ™ 0.00002™ 2194.89 ™ 0.0026 ™ 0.1154"s
. b2 00027 0.00003 10311.67 0.0114 0.2474
b
(1) Sl o 2.55 3.47 9.44 7.60 6.14
C.V (%)
Table 3. Continued aoldl .Y Jous
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X gl el sl Grain Mucilage Seed husk wwgy 0,5 os
S.0.V df  Harvest index protein percentage percentage Husk yield
W AN 160.795 1.602 2.138 8.500 78427.78
Replication
S 2 95.519™ 6.284™ 115.348™ 126.740™ 188725™
Drought stress (A)
c dglks 4 15.483 0.071 1.356 1.170 4430
a
M .)55 Hk Sk Hk Kk *k
Phosphorus fertilizer(8) 3 5.552 0.919 17.831 22.698 54338
il 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™
A xC 2 2.032" 0.025" 0.101"s 1.718™ 177.6™
BxC 3 0.940"s 0.011"s 0.085"™ 1.337™ 318.3™
A xB xC 6 1.348™ 0.007"s 0.165M 2.606" 577.6™
£ b sl 42 0.876 0.018 0.809 0.804 876.8
b
(40,9) Sl o po 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 A oyhmd glouiiS gl alduw (g @oe oAbl slagi, A ST Al S Mes digr ST SS (439
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 0.161" 1180.67¢ 1.779° 9.66°¢

B3 0.165° 1374.67° 1.938° 10.51°

B4 0.185% 1713.602 2.2712 12.522

Bl 0.146 955.97f" 1.277f 7.27°

12 B2 0.149¢f 990.65¢7 1.374¢ 7.67¢

B3 0.1520f 1046.76%f 1.434¢ 8.01¢%

B4 0.155¢e 1109.97¢% 1.488¢% 8.53¢

Bl 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

X sk i eSS IS sse i 4 BA 5 B3 B2 B s i 5l i oo YA+ s VYo S 5l am ol e a3 5 12 1
Jri Sld o 095 00)3 B0 5 ¥ o)l Bliwd (i) 355 32l (i 5 Slawd g 595

25,08 o 50 g e 50 SOl slatals wim yge3] 40 g ylel M i ls S i G Jule 1o (sl g giw 2 0 4T oSl
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 i 0 phund GlaodiiS H5,b 1 oy Sl &lS (iigy g oy Wwgy 8,5 los
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
In 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

¥ 55,k Slawd g8 5l pae i i 4 B4 5 B3 B2 Bl 55 Seid ) sl e e VAL g VY Ee o skl cs 5 13 512 1
Jr i Oland o 095 00,0 00 9 ¥ 55k Sland (w355 3l ¢ 5 Sland s 395

Q5,05 o yd iy mlaws Ho 5SSl (glazals sz yge3l 5o g Lol BN S ls S ie B Jele 12 (sl g gt B 0 a5 sla Sl

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 6. Comparison of the:-mean effect of planting method on the studied characteristics of isabgol medicinal plant

B bey e Jgbo Mu)s 439.3&.5343?0 S Sloc 4.)5.’ ST S (439 PH K u.a.iag).v
Planting method Spike length Welght of Grain Yield per Single plant dry Gral_n
spike plant weight protein
cm g
G_ pased 2.0512 0.1522 1.4402 8.228 1.2642
Flat planting
ahdy el 2.019° 0.149° 1.379° 7.96° 1.166°

Ridge planting
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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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