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Table 1- The most important climatic parameters of the experimental site during the growth period of Isabgol in the year 2021

Blos glod (uKilee S las Glood (Kl Al sloo (Kl . sl Sl ol
olo L olelv ggox0
Mean of minimum Mean of maximum Mean of month Month precipitation
Month Total sunny hours
temperature (°C) temperature (°C) temperature (°C) (mm)
029,958
. 12.81 29.58 22.71 250 25
April
Sl 4..9)‘
16.43 30.72 24.89 280 475
May
ols >
21.43 37.78 31.40 330 0
June
P
23.57 38.37 32.44 360 0
July
Sialojl syl Jore S ol 5 (S b Slooguas I (B2 =Y Jga
Table 2- Some physical and chemical characteristics of the soil used for the expriment
@i BB ply do BB yiud . L
. L Js o ol izl T g0 sls
oy e S cdl Available Available SAsdlegles T
. . Total . Organic STy
Clay (%) Silt (%) Sand (%) Soil texture potassium phosphorus EC (dS/m)
nitrogen (%) ¢ matter (%) pH
ppm) (ppm)
& o
19.7 20.1 0.045 264.1 7.8 0.32 6.92 8.06

Sandy loam
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Table 3- The content of fulvic acid used in the experiment
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Fulvic acid (%) Amino acid (%) Potassium (%) Nitrogen (%) Phosphorous (%)
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Table 4- The content of seaweed extract used in the experiment
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Seaweed o0 5o Organic matter Total nitrogen Available Water soluble
Carbohydrate (%) .

extract (%) (%) (%) phosphorous (%) potassium

26 4.9 1.8 1 1 15
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Organic acid B (mgL? Cu(mgL? Fe (mg LY Zn (mg LY Mn (mg L™

0.7 11 30 160 50 80
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Amino acid (mg  Active auxin (mg Active gibberellin . .
Active cytokinin (mg L)
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52 15 107 11
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Table 5- The time and the number of irrigations in three different water availability treatments

3 et yioo) 3lol Zob  Olads slus
(S ol

Irrigation levels (mm of Number of

evaporation from the pan) irrigation

Skl plmil 46 Cugi

Dates of irrigations

P30 PBpan ol g _
. o ol IS o>

Total consumed

nsum ater per
Consumed water pel water (m® ha™)
irrigation (m® ha)

FAPSISER SIS AT I QFOTVSVRE Y J8 ¢

VY
100 11 . 500 5500
23 April, 3, 13, 23 & 30 May; 6, 13, 20 & 27

June, 3 & 10 July

JASWRT PSSR S ORT A PR EVIN ¢

23 April, 8 & 23 May, 2,12 & 22 June, 3 & 12 500 4000
July

150 8

Y gV eols s YO ¢ V) suigs| YY 5 ¥
200 6 . 500 3000
23 April, 13 May, 1, 15 & 28 June, 11 July

S 5l 450 ¥ 315 e Sy oS (ol )3 (i)l pgms 53 6l (slolos Jlasl £5,2) JlS G 5o 51 ep 6 (35,9 V1) 205 oL
LS Ojgo (Sag o )3 cuSeyte Ve 0)
From the planting date (31, March) until full emergence (the start of irrigation treatments on the 23" April), all the plots were lightly irrigated

three times (200 m® ha'* each time).
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Table 6- The results of analysis of variance (mean square) for the effect of different levels of water availability and consumption of

organic fertilizers on the morphological characteristics of Isabgol

&l s @slio sol3T a0 olS gl

LT VSR RE JURIRES)

Ay Slasy .. . o
Ser ¥ (39 Wgy SS (439

Leaves number per Number of tiller per

S.0.V df Plant height Plant fresh weight Plant dry weight
plant plant
A
L 2 41.69™ 63.64™ 1.99™ 13.90™ 3.17™
Replication
<.5)lﬁ~.’T C&Jﬁ‘*’ .
L 2 1.09™ 8.90 1.23™ 8.04™ 9.45™
Irrigation (A)
Jol sl
4 0.40" 0.66"™ 1.26™ 471" 7.13™
Error A
355 &g - o " -
. 3 38.61 23.80 297 28.11 1.54™
Fertilizer (B)
355%5,ka]
6 4.24™ 5.12™ 0.83™ 9.17™ 6.61™
AxB
P9 sL‘a}
18 4.19™ 1.89™ 0.60™ 4.39™ 6.34™
Error B
Ol yadS g o
- 10.89 9.31 18.26 27.20 7.87
C.V. (%)

A3l oo I cixe B 3929 pas odims LA NS 5 s, S g gy Jleix! mhaw 1ol pixe BB g2 g Kl o 5 4y e g

*and ** indicate a significant difference at the probability level of 5 and 1%, respectively, and ns indicates the no-significant difference.
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Table 7- The effect of organic fertilizer type on the vegetative growth indices of Isabgol

20 S ool

(SHB,l 855 g9) Lo G gl . ol yo azy slusy Ag P ol g SS9
L9
Treatments (Organic fertilizer Plant height Number of tiller Plant fresh Plant dry
type) (cm) Number of per plant weight (g) weight (g)
leaves per plant
16.04¢ 12.38¢ 3.47° 5.41° 3.05%
Control
Soglgd ol
L 19.16° 15.44° 4.15° 8.25° 3.382
Fulvic acid
S e
. 18.87° 15.28° 4.46° 7.50° 2,712
Humic acid
gj.l'.'.j‘) Sl
21.06° 16.01° 4.83° 9.64° 3.66°

Seaweed extract

b o LSD (5051 51 eoliisl b o jo & Jloisl grlaes 5o Jlo sime glisy simo )L glite g > g o 50

In each column, different letters indicate a significant difference at the 5% probability level using the LSD test
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Table 8- The effect of different levels of water availability on the vegetative growth indices of Isabgol

. T 20 Sy olax . "
51 s o slae) 55kl gl . 20 4y olasd G 5 ot TV
(5585 Sy i &g oL ¥ 5039 9SS 39
. Number of Plant fresh Plant dry
Irrigation levels (mm of Plant height (cm) Number of . .
. leaves per . weight (g) weight (g)
evaporation from the pan) tiller per plant
plant
100 19.12% 15.74% 4.60° 6.83° 2.42%
150 18.73% 14.08° 4.09° 7.82¢ 3.03°
200 18.53% 14.53 4.01° 8.46° 4.17°
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In each column, different letters indicate a significant difference at the 5% probability level using the LSD test
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Table 9- The results of analysis of variance (mean square) for the effect of different levels of water availability and consumption of

organic fertilizers on the yield, yield components and mucilage content of Isabgol
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Ol s’ 29lo "~ Number of : als SYielew o ,Sdos Al o Slos . Dwgo
@l . Seed N . . oy Mucilage
S.0.vV spike per 1000-seed Biological yield Seed yield Mucilage
df number Harvest index percentage
plant . weight yield
per spike
s
o 2 2.57™ 8.51™ 0.01™ 147835.0™ 3304.3™ 0.004" 0.0001™ 447
Replication
)bl sl
o 2 12.32™ 43.83™ 0.09™ 105519.1"™ 9630.7™ 0.00003"™ 0.002™ 39.79™
Irrigation (A)
Jsl >
4 9.65™ 36.07" 0.07™ 156968.0™ 28444.4™ 0.009™ 0.0006™ 75m™
Error A
255 &5 " - " - - -
. 3 116 559 0.50 95334.3 169147.8 0.003™ 0.002™ 117
Fertilizer (B)
355%5,ka]
AxB 6 6.78™ 39.41" 0.04™ 48827.9™ 13693.8™ 0.003™ 0.0005™ 30.33™
X
ped sl
18 13.11™ 53.61" 0.04™ 85417.0™ 9619.8™ 0.002™ 0.0007™ 21.58™
Error B
Ol yadS g o
- 16.17 17.92 13.40 15.25 11.63 17.09 23.31
C.V. (%)
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*and ** indicate a significant difference at the probability level of 5 and 1%, respectively, and ns indicates the no-significant difference.
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Table 10- The effect of nutritional source type on the yield, yield components and mucilage content of Isabgol
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Treatments # Number 1000- Seed yield Biological yield Seed Mucilage yield
(organic Nfum.ber of seeds seeds (kg ha™) (kg ha™) mucilage (kg ha™)
fertilizer type) of spikes per spike  weight (g) content (%)
per plant
8.67° 29.04° 1.15° 456.16° 1225.73° 3.42° 15.64°
Control
. 14.22% 44,932 1.62* 627.81° 1614.28° 3.05% 19.19%
Fulvic acid
Seaged Sl
. 16.82° 44.31° 1.60% 725.032 1878.01%® 2.83 20.48%
Humic acid
by Sl
15.62° 45,13 1.63% 763.47% 1942.27% 2217 24.40°
Seaweed
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In each column, different letters indicate a significant difference at the 5% probability level using the LSD test.
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Abstract

Introduction: The management of water and nutrients are among the most important factors
affecting the quality and quantity of medicinal plants. Among the medicinal plants, isabgol has a
particular importance due to its mucilage, which is obtained from the seeds. It is an annual plant,
which is mainly distributed in dry regions of the world. Considering that Iran is one of the arid and
semi-arid countries and has recently faced with consecutive droughts, the optimal use of water
resources should be prioritized. In this regard, it is important to introduce plants with low water
requirements, such as isabgol. Since it is a medicinal plant, its fertilization using biological and
organic fertilizers is also considered important. Therefore, in this experiment, the effect of different
levels of water availability and bio fertilizers was studied on the growth and yield of ishgol.
Materials and Methods: In this experiment, the effect of water availability (irrigation after
evaporation of 100, 150, and 200 mm from the evaporation pan) and organic nutritional resources
(humic acid, fulvic acid, and seaweed extract along with no fertilization as control treatment) was
studied on the growth of and yield of Isabgol, under climatic conditions of Birjand (59 °E, 32 °N,
1410 m above sea), Iran. The experiment was conducted as split plot based on a randomized complete
block design with three replications. The levels of water availability were placed in the main plots
and nutritional resources in the sub-plots. The measured traits included plant height, number of leaves
and number of tiller per plant, fresh and dry weight of plant, number of spikes per plant, number of
seeds per spike, weight of 1000 seeds, seed yield, biological yield, percentage and yield of mucilage.
Statistical analysis was performed using SAS, version 9.4 and the means were compared using the
protected LSD test at the 5% probability level.

Results and Discussion: The results of analysis of variance showed a significant effect of fertilizers
application on most growth and yield indices, while the effect of irrigation management (except for
number of leaves per plant) and interaction of studied factors was not significant on the evaluated
traits. Application of all fertilizes, especially seaweed, improved the vegetative growth of the plant.
The highest plant height (21 cm), number of leaves (16 per plant), number of tillers (4.8 No. per plant)
and fresh weight of the plant (9.6 g) were gained from the seaweed extract, which were 31.2, 29.2,
39.9 and 78.1%, superior to the control treatment (no fertilizer application), respectively. The highest
number of spikes (13.24 No. per plant) was obtained from humic acid application, which was 2.1
times more than the control treatment. Number of seeds per spike in seaweed, humic acid, fulvic acid
and control treatments were 45.1, 44.3, 44.9 and 29, respectively, and 1000-seed weight was 1.63,
1.60, 1.62 and 1.55 g, respectively. Fertilizers application improved biological yield and seed yield,
but in terms of these two traits, irrigation levels were in a same statistical group. The highest and the
lowest biological yield (1942.2 and 1225.7 kg ha?, respectively) and seed yield (763.4 and 456.1 kg
hal, respectively) were gained from seaweed and control treatments, respectively. The percentage of
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mucilage was not affected by irrigation and nutritional managements, but the mucilage yield by the
use of algae extract, humic acid and fulvic acid was increased by 56.4, 31.4 and 23.0%, respectively,
compared to the control.

Conclusion: In general, consumption of all organic fertilizer types improved the growth and
guantitative and qualitative yield of Isabgol, while reduced water availability had no negative effect
on the plant growth and yield, which indicates that isabgol is well adapted to semi-arid regions.
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