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Abstract
Background and Objectives
The degradation of rangelands in Iran, characterized by the decline of palatable species and
proliferation of invasive plants, coupled with the abandonment of rainfed agricultural lands due
to reduced productivity, has significantly compromised forage production for livestock. As
various species of Astragalus serve as crucial forage resources, this study evaluated the efficacy
of two establishment methods - direct seeding and transplanting - for five
perennial Astragalus species (A. vegetus, A. brachyodontus, A. effusus, A. cyclophyllon, and A.
brevidens) at the Homand Abasard research station.
Methodology
The experiment employed a completely randomized block design with three replications for both
establishment methods. Direct seeding was conducted in November 2018 using a rainfed system
with specific spatial arrangements (6m rows, 0.5m between populations, 0.75m between species,
and 25cm plant spacing). Transplanting followed in April 2019 with identical spacing but
received two supplemental irrigations for establishment. Data collection occurred in June-July
2021 (two years post-establishment), measuring forage production, canopy cover, plant height,
and seed yield. Statistical analysis included ANOVA and Duncan's multiple range test.
Results
Both establishment methods revealed significant interspecific differences (p<0.05) across all
measured parameters. Direct seeding outperformed transplanting for all species, with A.
effusus achieving superior forage yield (102 g/plant) and A. brevidens showing the highest seed
production (14 g/plant) in this method. Transplanted specimens demonstrated reduced
performance, with maximum forage (80 g/plant) and seed yields (11 g/plant) recorded for A.
brevidens and A.  effusus,  respectively.  Following A.  brevidens, A.  vegetus and A.
effusus exhibited the most favorable overall performance.
Conclusion
Direct seeding proved more effective for Astragalus establishment under conditions of >300 mm
annual rainfall with favorable distribution. However, transplanting remains viable where direct
seeding is impractical due to seed shortages, poor seedbed conditions, or erratic precipitation. To
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ensure successful stand establishment, a two-year grazing moratorium is recommended post-
planting regardless of establishment method.
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Table 1- Some physicochemical properties of experimental field soil

Soil Soil EC Organic Total Absorbable  Absorbable
Oi
depth pH (dS.m- Silt (%) carbon nitrogen  phosphorus  potassium
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Table2- Geographic locations and climatic conditions of the collected seeds samples

. . . . . Temp. Raifall Height

Species Province Region Latitude Longitude
P g g ©C)  (mm)  (masl)
A. brachyodontus Ghazvin zereshk 36° 25' 50° 05’ 10 400 2000
Ghazvin Alamut 36° 22 50° 32’ 9 390 1776
Ardabil Khalkhal 37° 37 48° 31’ 9 390 1830
A. effusus West-Azarbayjan dareshogada 37° 17 45° 08’ 10 360 2000
West-Azarbayjan Gharebagh 38° 00’ 44° 56’ 10 303 1830
A. brevidens Khorasan-razavi Torogh 36° 15/ 59° 54/ 13 277 1388
Khorasan-razavi Tandure 37° 18’ 58° 58’ 14 350 1700
A. cyclophyllon Chaharmahal zeverdegan 31° 58 51° 39’ 13 622 2230
Isfahan Semirom 32° 42’ 50° 41’ 10 330 2250
A. vegetus Kordestan Divandare 35° 04/ 47° 06’ 11 340 2100
West-Azarbayjan Qarebagh 38° 00’ 44° 56’ 10 303 1830
West-Azarbayjan Darreshohada 37° 17 45° 08’ 10 360 2000
Qazvin Zereshk 36° 42' 50° 10’ 10 350 1900
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Figure 3- Transfer seedling to farm for spaced
planting in April 2018

CilS G 53 ol awylie
S pay 93 50 S Slosar 5o Shee (Sla
2250\ Jlats i 53 50 it iS5 (aelis) Ladlg
2 Shogar WS Sgsba il s gae SN

el S g 0 it ST B, 0 b il s, 8L ool anglio - Jsun

Table 3- Means of forage yield and agronomic traits between two methods of direct seed sowing and seedling

planting.
Sowing method Forage production Seed production Canopy cover Height
(g/plant) (9/9m?) (cm2) (cm)
Seedling planting 60b 8.6b 4261b 55b
Seed sowing 89a 10.3a 5287a 6la
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Table 4-Means of forage and seed production between species and populations within species in two sowing

methods
species region Seed production (g/plant) Forage production (g/plant)
Seedling planting Seed sowing Seedling planting Seed sowing
A. brachyodontus 7.5+0.7 ¢ 7.5+0.8°¢ 51.3+5.1¢ 76.5+7.1°¢
A. brevidens 9.4+1.1° 14.5+0.92 79.2+5.6° 99.8+4.2%
A. effusus 11+05¢ 11.1+0.6° 56.2+3.4¢ 102.3+7.02
A. vegetus 10.2+1% 10.0+0.5° 69.2+2.15° 87.316.2%
A. cyclophyllon 4.1+0.9°¢ 10.2+0.5° 37.346.14 84.7+4.7°
species region
A. brachyodontus khalkhal 5.0+03¢ 5.140.5° 37.044.2 57+6.5¢
Alamut 7.940.9¢ 8.7+1.7¢ 47.744.3¢ 72+4.8%
zareshk 9.6+0.5¢ 8.6+0.7¢ 69.3+2.1%¢ 99+9.0%
A. brevidens Tandure 7.310.7 ¢ 12.8+0.5 67.7+2.8" 97+7.1%¢
Torogh 11.5+0.6° 16.2+1.12 90.7+3.42 102+45.9%
A.effusus Dareshohada 10.2+0.3% 9.8+0.6% 51.7+4.5d° 111+10.3®
Qarebagh 11.7+0.8° 12.3+0.1° 60.7+4.0% 93+5,1%d
A.vegetus Qarebagh 12+1.1° 11.2+0.6% 62.7+4.8° 98+5%¢
Dareshohada 7.4+0.4¢ 8.4+0.2¢ 68.7+3.0% 84+7.4>4
Divandare 14.7+0.62 12+0.1% 76.7£4.1° 107+£7.12
Qazvin 6.7+0.2¢ 8.3+0.1¢ 68.7+2.4% 58+5.1¢
A. cyclophyllon Semirom 2.3+0.1°F 9.0+0.3¢9 26.0+4.89 76+4.75¢
Zeverdegan 6.0+0.2¢% 11.3+0.4%¢ 48.745.1° 92+5.1%d
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Table 5- Means of crown cover and plant height between species and populations within species in two planting

methods
species region Height (cm) Canopy cover (cm?)

Seedling planting Seed sowing Seedling planting Seed sowing

A. brachyodontus 57+2b 6322 4182+341° 4784+206°
A. brevidens 66+2° 68+4° 5742+441% 6634+415°
A. effusus 60+2° 6322 4208+280° 5777+436°
A. vegetus 61+1° 59+3° 4952+195° 5814+1680°
A. cyclophyllon 24+1° 5043¢ 1571+395¢ 3149+232°¢

species region

A. brachyodontus khalkhal 50+3¢ 48+4¢f 3263+288¢ 4316+113¢%
Alamut 62+4%® 65+42¢ 421246244 510044912

zareshk 59+1° 63+42d 5071+361% 4938+313"

A. brevidens Tandure 654220 65+42d 6085+8222 6627+4342
Torogh 68142 7146° 5398+415% 664148372

A.effusus Dareshohada 58+1P 65:+4¢ 4430+313¢ 65833572
Qarebagh 62+4% 62424 3987+495% 4972+425¢¢

A.vegetus Qarebagh 63+4%® 65+42¢ 5069+3592¢ 6400+8212
Dareshohada 60 +2° 61425 4448+19°¢ 5871+1159*°¢

Divandare 622 68+3% 5832+229° 7050+655°

Qazvin 56+2b¢ 59+3¢d 4460+141b4 3939+350%f

A. cyclophyllon Semirom 25424 45+3f 1085+314¢ 2694+188f
zeverdegan 22420 55+4d% 2057+660° 3605+164ef
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