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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. hal), 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.
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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) 40.6 481 16.8 6.52
(March 21 - April 20) 31.7 6.91 18.9 5.31
(April 21 - May 21) 17.4 14.1 26.1 113
(May 22 - June 21) 0.4 19.2 355 125
Qune 22 - July 22) 3.04 20.8 35.9 117

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.
SOV, df. Plant Nur_nber _ Nu_mber of Number of 1000-seed
height of tillers  Spike length  spikes per seeds per weight
per plant plant plant
Replication (R) 2 0.10m 1.02™ 0.007" 0.52m 650" 0.003"
Irrigation (1) 3 662" 51.6™ 11.2™ 1938™ 3257828 0.227™
RxI 6 0.29 0.16 0.005 0.33 295 0.003
Planting date (P) 3 21.0™ 513" 0.460™ 49.2™ 136431 0.039™
RxP 6 0.08 0.47 0.011 2.24 7073 0.005
IxP 9 27.1" 1.43™ 0.188™ 6.54™ 15518™ 0.007"
Experimental error 18 0.10 0.12 0.010 0.90 3965 0.003
Corrected total 47
C.V. (%) - 10.8 8.71 145 7.08 11.7 2.98

ms,* 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

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

. (cm) (cm) spikes per plant

requirement) plant plant

1 March 23.52 5.672 3.05? 25.0° 1001°

100 16 March 2412 6.002 3.142 27.7% 1108P

30 March 23.78 4.33¢ 3.012 22.3¢ 882¢

14 April 23.8? 4.00° 3.012 22.3¢ 882¢

1 March 22.8° 5.672 3.012 25.3° 1090°

80 16 March 23.7° 5.672 3.10? 29.02 12452

30 March 22.7° 6.002 3.062 21.7¢ 869°

14 April 22.5° 6.002 3.012 21.7° 821°

1 March 14.79 5.00° 2.17° 5.224 2169

60 16 March 16.6° 5.672 2.500 5.009 2284

30 March 12.1¢ 3.00¢ 1.824 2.33¢ 82.0¢

14 April 13.8% 3.00¢ 1.29¢ 1.33¢ 40.3¢

1 March 10.2f 1.67¢ 1.41¢ 2.00¢ 75.3¢

40 16 March 10.1f 1.33¢ 1.09f 1.33¢ 53.3¢

30 March 5.179 0.670f 0.870¢ 1.00° 8.33¢

14 April 5.139 0.670f 0.850g 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 1.932

Irrigation level (% of crop 80 1.942
water requirement) 60 1.78P
40 1.65°¢

1 March 1.86%

. 16 March 1.882

Planting date 30 March 1 gbe

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* 70784m 5.89m 0.214m
Irrigation (1) 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

ms,* and ™: non-significant, significant at p= 0.05, and p= 0.01, respectively.
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Table 7. Means comparison of irrigation x planting date interaction on yield traits and Plantago ovata mucilage

content
Irrigation level (% of _ Seed yield Biological yield Harvest index
. Planting date
crop water requirement) kg.ha! %
1 March 1629¢ 4545¢ 35.92
100 16 March 1765° 53572 33.4%
30 March 1234¢ 3500¢ 35.32
14 April 1060¢ 31049 34.1%
1 March 1696 4897b° 34.92
16 March 18762 5303%® 35.22
80 30 March 1166¢ 3312¢ 35.22
14 April 1190¢ 3392¢ 35.18
1 March 409f 1186° 34.5°
60 16 March 433f 1297¢ 33.4%
30 March 1289 378f 33.9%
14 April 1029 298f 34.1%
1 March 1459 402f 31.6°
0 16 March 1159 462f 28.5¢
30 March 5.32" 89.3f 5.97¢
14 April 2.82" 67.6° 4,154

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 (%6)

100 23.9°
Irrigation level (% of crop 80 22.2°
water requirement) 60 20.3¢
40 17.5¢
1 March 22.42
) 16 March 21.4b
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
eight length - yield yield index content
per plant per plant weight
plant
A B C D E F G H [ J
B 0.89" 1
Cc 0.88  0.99™ 1
D 0.93" 092" 0.92* 1
E 0.87"  0.79" 0.78" 0.92" 1
F 0.87"  0.82™ 0.82™ 0.86™ 0.83" 1
G 0.90™  0.99™ 0.98™ 0.91™ 0.81* 0.81* 1
H 0.90"  0.99" 0.98™ 0.90™ 0.80"" 0.80" 0.99™ 1
| 0.81* 0.52" 0.51" 0.70™ 0.74™ 0.77 0.53" 0.52" 1
J 0.93"  0.86™ 0.86™ 0.92" 0.84" 0.84" 0.88™ 0.87" 0.76™ 1
“and ™ significant at p= 0.05 and p= 0.01, respectively.
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