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Abstract

Introduction: Today, the use of medicinal plants has grown considerably due to the reorientation
of human towards nature and natural products, the side effects of synthetic materials and the
discovery of new drugs from the nature. Water scarcity is one of the important environmental
factors for reducing the growth and yield of many crops, especially in the arid and semi-arid
regions of the world. After nitrogen; phosphorus is the most important essential nutrient
required by the plants and different seed position in the soil can affect plant growth. Therefore,
an experiment was conducted to study the effect of the planting method and phosphorus
fertilizers in response to drought stress on the yield, yield components and photosynthetic
pigments of isabgol (Plantago ovata L.).

Material and methods: This experiment was performed as a split-factorial in the form of a
randomized complete block design with three replications in the research farm of Zabol
University located in Chah Nimeh. The experimental treatments were including three drought
stress, irrigation after 60, 120 and 180 mm evaporation from a class A evaporator as the main-
factor, and the combination of seed planting method (flat or ridge planting) and the types of
phosphorus fertilizer (100% chemical phosporous fertilizer, Phosphate Barvar2, and 50%
chemical phosporous fertilizer + Phosphate Barvar2) as the sub-factor.

Results and discussion: The vairiance analysis showed that the interaction of drought stress and
phosphorus fertilizers were significant on on number of spikes per plant, number of seeds per
spike, 1000-seed weight, grain yield, carotenoids, and total leaf chlorophyll, mucilage
percentage and seed swelling index. The greatest spikes per plant, number of seeds per spike,
1000-seed weight, grain yield and total leaf chlorophyll were obtained in conventional irrigation
treatment along with the combined application of chemical phosphorous fertilizer and
Phosphate Barvar2, while, the highest data for carotenoids (0.78 mg. g’ FW) and mucilage
percentage (15.04 %) were obtained in severe drought stress along with combined application of
chemical phosphorous fertilizer and Phosphate Barvar2. Based on the results; the amount of
proline and carbohydrates were affected by drought stress and phosphorus fertilizers. The use of
phosphorus fertilizers and the severe drought stress increased their quantity.

Conclusions: The results suggest that conventional irrigation, application of phosphorus fertilizer
and flat planting can increase biological yield compared to limited irrigation, non-application of
phosphorus fertilizer and ridge planting.

Keywords: Phosphate Barvar2, Proline, Seed swelling index, Seed yield, Water deficiency.
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Table 1: Soil Physical and chemical analysis (0-30 cm)

. K Available P Available Total N Organic matter  Organic C Field EC
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Table 2. Analysis of variance for yield and yield components of isabgol under the influence of drought stress,
phosphorus fertilizers and planting mothed

Mean Square

Source of Variance o g:mber of spikes per Number of seed per spike 1000-seed weight  Seed yield
Replication 2 771.89 29.52 0.009 448568.66
Drought stress (A) 2 247.36" 1072.05™ 0.307™ 1609856
Ea 4 654 3.65 0.006 174005.66
Phosphorus fertilizer (B) 3 4823 159.14™ 0.056™ 169759.70"
Planting method (C) 1 4.19™ 22.09” 0.009" 49088.88™
AxB 6 12247 13517 0.007™ 21601.48™
AxC 2 067" 1.92"™ 0.001™ 10656.88"™
BxC 3 025 0.58™ 0.0001"™ 9413.63™
AxB xC 6  0.34™ 2.44"™ 0.001™ 6893.63™
Eb 42 161 1.21 0.001 6198.16
CV (%) - 9.44 2.00 2.24 11.13

ns, * and ** are not significant, significant at the 5 and 1% probability levels, respective
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Mean Comparison for effect of planting method on yield and yield components in isabgol.Table 3

Planting method Number of spikes per plant  Number of seed per spike  1000-seed weight (g)  Seed yield (kg. ha®)

Flat planting 13.67° 55.47° 1.67° 733.78°
Ridge planting 13.21° 54,37 1.65° 681.56°
*Means in each column having at least a common letter artleer\}gf significantly different by the Duncan test at 5 % probability
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Table 4. Means comparison for interaction effect of drought stress and Phosphorus fertilizers on yield and yield
components of isabgol plant

Drought stress
(mm evaporation from Phosphorus fertilizers

Number of

Number of seed  1000-seed weight Seed yield

evaporation pan class A) spikes per plant per spike (9) (kg. ha®)
Control 14.33% 58.42° 1.70% 832«
Phosphate barvar-2 14.76° 59.38° 1.73" 920"
60 Superphosphate triple 17.18° 62.12° 1.78° 979"
Phosphate barvar 2 and 50% 21.49° 66.78° 1.89° 1214°
superphosphate triple
Control 11.95%" 52.56 1.62" 583.39"
Phosphate barvar-2 12.38%0 54.35° 1.65% 642.79
120 Superphosphate triple 13.08%f 55.56% 1.67% 680°
Phosphate barvar 2 and 50% 13.87¢ 56.65¢ 1.69% 743.3%
superphosphate triple
Control 9.38' 4317 1.46 388.7)
Phosphate barvar-2 10.51" 48.13" 1.55' 4641
180 Superphosphate triple 10.919" 50.249 1.59" 502"
Phosphate barvar 2 and 50% 11571 51.70° 1619 542 7h

superphosphate triple

*Means in each column having at least a common letter are not significantly different by the Duncan test at 5 % probability
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Table 5. Analysis of variance for qualitative traits of isabgol under influence of drought stress, phosphorus fertilizers
and planting mothed

Mean Square

Source of Variance

df Ir?ltglrlophyll (S;;rlggrlg, drates Proline Carotenoids p':glrjgailnig(;e turgid index
Replication 2 0.028 95414.37 254446 0004 2.138 0.307
Drought stress (A) 2 0.564" 547998.717  5277.66" 0.223" 115348 75717
Ea 4 0.011 228968.66 152.43 0.002 1.356 0.045
Phosphorus fertilizer(B) 3 0.064™ 402247.637  560.947  0.025" 17.831" 1.058™
Planting method (C) 1 0.009™ 67625.09" 85.23™  0.008™ 1.063™ 0.167"
AxB 6 0.003™ 30775.83™ 2291™  0.001 3.525™ 0.098"™
AxC 2 0.001" 429.35™ 0.43™ 0.001"™ 0.101" 0.014"™
BxC 3 0.001" 1605.1" 1.53™ 0.001"™ 0.085"™ 0.005"™
AxBxC 6 0.001" 5103.58" 2.26"™ 0.001"™ 0.165™ 0.006"
Eb 42 0.001 15681.2 10.58 0.001 0.809 0.110
CV (%) - 33 15.18 5.34 3.11 8.88 498
ns, * and ** are not significant, significant at the 5% and 1% probability levels, respective
05 el oS AS sl S5y p sl Gy, S oSKle alie —F Jgi
Mean Comparison for effect of planting method on qualitative traits in isabgol.Table 6
Total Soluble . . . -
Planting method ((:glglrgah'):/\lllv) ((:;rgjg%(;r_?tg\slv ) Z;‘;Tgog_l W) ?rﬁg.)tgeﬂoF"\j/\s}) :;/:rjgélni%f;e ) Eﬁ:lg.:fj_l')ndex
Flat planting ~ 0.907° 794.24° 59.78° 0.602° 10.26° 2.06"
Ridge planting  0.885" 855.54° 61.96° 0.623° 10.02% 2.15°

*Means in each column having at least a common letter are not significantly different by the Duncan test at 5 % probability

level.

Sl oS (S i bl s s (Xue et al., 2008)
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Mean comparison for soluble carbohydrates and Proline of isabgol under the influence of drought stress and .Table 7
phosphorus fertilizers

Treatments

Soluble

carbohydrates (mg.100g* FW)  Proline (mg.100g™* FW)

Drought stress
(mm evaporation from evaporation pan class A)

60

120

180

P-fertilizer

Control

Phosphate barvar-2
Superphosphate triple

Phosphate barvar 2 and 50% superphosphate triple

669.2°
834.4%

971.0%

653.1°
777.1°
860.0°

1009.3°

45.88°
61.20°

75.53%

54.80°
58.44°
62.43°

67.82°

*Means in each column having at least a common letter are not significantly different by the Duncan test at 5 % probability
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Table 8. Means comparison for interaction effect of drought stress and Phosphorus fertilizers on qualitative traits of

isabgol
Drought stress Total
(mm evaporation Phosphorus i hvll Carotenoids  Mucilage turgid index
from evaporation fertilizers enloropnyil — (mg. g FW) percentage (%) (ml.L™Y)
pan class A) (mg. g~ FW)
Control 0.97° 0.47' 7.10" 2.37°
Phosphate barvar-2 1.02° 0.51" 8.25° 2.48°
60 Superphosphate triple 1.08° 0.53¢ 8.449 2.74°
0,
Phosphate barvar 2 and 50% 116° 0,559 8.801 3.10°
superphosphate triple
Control 0.83M 0.58" 9.19™ 1.97%
Phosphate barvar-2 0.85" 0.60° 9.62°f 2.07°f
120 Superphosphate triple 0.90° 0.63° 9.85% 2.13%
0,
Phosphate barvar_2 and 50% 093¢ 0.65° 10.44% 2 930
superphosphate triple
Control 0.69! 0.66" 10.83 1.16
Phosphate barvar-2 0.74' 0.69° 11.63™ 1.47"
180 Superphosphate triple 0.79" 0.71° 12.45" 1.69"
0,
Phosphate barvar 2 and 50% 0.81%" 0.78% 15.04% 1879

superphosphate triple

*Means in each column having at least a common letter are not significantly different by the Duncan test at 5 % probability

level.
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