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Table 3. Analysis of variance (ANOVA) of the effect of irrigation regime, mycorrhiza and nutritional sources on some germination indices of Persian

borage seeds
Ol s ol ©olyl az IEJTHIESRWESR Sidlez aoy0 0 £9,5 6 o FRUFICTPT
S.0.V df Maximum germination ~ Time to 50% germination  Seed vigor index
s 2 548.54* 2142.8” 7.9763 *
Repetition
Skl v 2 2755.54™ 13363.5™ 37.411”
Irrigation regime
Y glas 4 13.911 109.94 0.3285
Error 1
I ys5ale 1 243.38" 3348.9™ 7.1234*
Mycorrhiza
Gl b 4 641.71" 2328.1" 11.256™
Nutritional resources
1525950 Lot s ,LoT 2 5.5444m 179.10™ 0.0384™
Irrigation*Mycorrhiza
sluds bk s,lal 8 4.9611™ 38.211™ 0.0597m™
Irrigation*Nutritional resources
Slauiws wlely sk 4 10.156" 60.594" 0.1004"
Mycorrhiza*Nutritional sources
sludss gl 15,5l s, Lo] 8 3.6556" 27.628™ 0.0108™
Irrigation*Mycorrhiza*Nutritional sources
Y olas 54 44.147 157.83 0.3929
Error 2
9.15 7.31 14.55

(22,0) Ol yuss o o
CV

Sl ao 0 ) 50 Jloiol mhaws ;o lo e gl ¢ o gime Dgldl 895 i 5 Ay s g 2 NS
ns, *, and **: No significant difference and significant difference at the 5 and 1 percent probability levels, respectively
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Table 4. Comparison of the average effect of irrigation regime, mycorrhiza and nutritional sources on some germination traits of Persian borage

seeds
o s Sl Sl Siler w3 B0 9,0 b Gl D il
I Maximum germination Time to 50% germination T “’”
Tratments (4o ) (el Seed vigor index
P
(LS &5 kel w3,
Irrigation regime
100% 82.172 150¢ 5.442
75% 72.77° 172° 4.28°
50% 63.00¢ 1922 3.20¢
15,050k 7,8
Mycorrhiza
oo pedls 74.29° 165.71° 4,592
Inoculated
oS peils 71.00° 177.912 4,03
Not inoculated
sludss sl
Nutritional resources
NS 63.33¢ 189.112 3.21d
Control
. £ b d b
ool CemvsasS b 5l e 1) 00 el 76.00% 164.61° 4.67
Providing 100% nitrogen through livestock compost
NS U R RS B ST P A R 79.00° 159.50¢ 5.352
Providing 100% nitrogen through zeolite animal compost
S5 ool CegeaS o)l ) 30y 00 als 73.89% 170.44% 4.38
Providing 50% nitrogen through zeolite animal compost
N-P-K oloasd 555 71.00¢ 175.35° 3.96°¢

chemical fertilizer NPK
A (gl cire DS LSD (y5051 olsl g doy0 0 (k] Jlozs! zhw jo alie By x> b sl 1 Sl (g o )0
In each column, means with the same letters are not significantly different at the 5% statistical probability level based on the LSD test
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Table 5. Results of variance analysis (mean square) of the effect of irrigation regime, mycorrhiza and nutritional sources on germination indices and
thousand-seed weight of Persian borage seeds

i ke =2 apady; Jsb o azeile Jsbo azailo & azady; Jsb S ezl Sas o5y (oS colae il 5 03
gzs &bl Radicle Shoot Ratio of Radicle length to Shoot Seedling dry Electrical Thousand-grain
df length length length weight conductivity weight
S 2 24777 0.1767™ 0.1568"™ 0.00007" 213.00%* 26.909™
Repetition
okl w2 2 10.304™ 1.0966" 0.4474™ 0.0016™ 401.11% 22.497
Irrigation regime
Y gllas 4 0.1304 0.0091 0.0208 0.000003 2.9855 2.699
Error 1
(RN 1 3.0840™* 0.4637™ 0.0661** 0.00058™ 68.609* 16.718™
Mycorrhiza
Sladss b 4 3.7925™ 0.4541™ 0.1430** 0.00082™ 104.01%* 7.355™
Nutritional resources
s ysSalote s Lol 2 0.0105 ™ 0.0087 " 0.0094 0.000007 ™ 0.4744" 0.0143m
Irrigation*Mycorrhiza
Slaudss mlas, bl 8 0.0124" 0.0049 " 0.0011" 0.000048" 1.2585m 0.0193m
Irrigation*Nutritional
resources
Slauiss mlely sSle 4 0.0179 ™ 0.0053" 0.0015™ 0.000036 ™ 1.8786"™ 0.0215"
Mycorrhiza*Nutritional
sources
Slaudas sl 15,6500 # o Ll 8 0.0034 ™ 0.0033™ 0.0018™ 0.000004 ™ 1.0893" 0.0248™
Irrigation*Mycorrhiza*Nutriti
onal sources
Y glas 54 0.0855 0.0311 0.0057 0.00003 13.044 0.3938
Error 2
7.91 8.65 4.12 14.90 8.57 9.64

CV

ns, *, and **: No significant difference and significant difference at the 5 and 1 percent probability levels,respect

oY
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Table 6. Comparison of the average effect of irrigation regime, mycorrhiza and nutritional sources on some germination indices and thousand-seed
weight of Persian borage seeds

ity b Sl il b e O SASIle b B sy
ol Radicle Lenath SHoot lenath CE T . Seedling dry Electrical Thousand-grain
Tratments L g ) L? Raté% of Rladche weight conductivity weight
(o siler) (e sl) to Shoot lengt - () -
(LS &1 5L s,kel o)
Irrigation regime
100% 4.352 2.218 1.972 0.0472 38.57¢ 7.478
75% 3.74°b 2.08° 1.79b 0.040° 41.99° 6.28°
50% 3.18¢ 1.83° 1.73° 0.032¢ 45.88° 5.78°
152,95k &,
Mycorrhiza
o35 Al 3.942 2.118 1.862 0.0422 41.27° 6.492
Inoculated
- 3.57° 197 1.80° 0.037° 43.08° 6.08°
Not inoculated
Sladss @L;e
Nutritional resources
anls 3.119 1.84¢ 1.68° 0.032¢ 44972 5.57¢
sl SneeS Gob 05 N e el 3.96° 2.1 1.86° 0.040° 41.20° 6.83°
Providing 100% nitrogen through livestock compost
) el SesenS Gk Sl LA T 1 el 4,352 2.258 1.93° 0.050° 38.72¢ 7.252
Providing 100% nitrogen through zeolite animal compost
| o g sk Sl 03 107 el 3.81b 2.05b 1.85 0.039° 42.11% 6.66
Providing 50% nitrogen through zeolite animal compost
NPKgleacs 255 3.56° 1.93¢ 1.83° 0/037" 43.72% 6.24¢

chemical fertilizer NPK
I3 (5 ls gime MBI LSD 5031 bl o ooy 8 (o lel Jloil el 5o aslis g, b slanuSiles g 2 50
In each column, means with the same letters are not significantly different at the 5% statistical probability level based on the LSD test
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Abstract

The germination stage is one of the most important and sensitive stages in the life of a plant. The occurrence
of drought stress on the mother plant can reduce the germination and growth of plant seeds under these conditions.
On the other hand, proper nutrition of the mother plant plays an important role in producing seeds with high vigor.
The use of biological and organic compounds in environmental stresses produces seeds with better germination
capacity. Therefore, this study aimed to investigate the effect of nutritional resources and drought stress on the
germination characteristics of seeds obtained from the mother plant of Persian borage (Echium amoenum), in
Noorabad Momsani County, Fars Province, as a split factorial design in a randomized complete block design with
three replications. The main factor included different irrigation regimes at three levels, no stress (irrigation with
100% of the plant's water requirement), mild stress (irrigation with 75% of the plant's water requirement), and
severe stress (irrigation with 50% of the plant's water requirement), and the sub-factorial factor included the
commercial mycorrhizal fungus Glomus mosae at two levels (without fungus and inoculated with fungus) and
nutritional levels included: control, 100% nitrogen supply through livestock compost, 100% nitrogen supply
through zeolite livestock compost, 50% nitrogen supply through zeolite livestock compost and chemical fertilizer.
The results showed that by providing 100% of the plant's water requirement, maximum germination, seed vigor,
root length, shoot length, seedling dry weight, and 1000-seed weight were achieved. Arbuscular mycorrhiza was
able to increase the above traits compared to non-mycorrhizal plants. Among the nutritional treatments, the highest
values of these traits, especially the percentage and speed of germination, were related to the treatment of providing
100% nitrogen through zeolite livestock compost. The time to 50% germination of Persian borage seeds and their
electrical conductivity increased with increasing drought stress. Inoculation with mycorrhiza caused a decrease in
the time to 50% germination and the electrical conductivity of the seeds. Also, the lowest time to 50% germination
and the electrical conductivity were related to providing 100% nitrogen through zeolite livestock compost. Overall,
the results of this study showed that mycorrhizal fungi of the species Glomus mosae and compost (especially the
treatment providing 100% nitrogen through zeolite animal compost) were able to improve the percentage and other
characteristics related to germination and the negative effects of drought stress.
Keywords: Arbuscular mycorrhiza, Compost, Germination percentage, Seed vigor

How to cite this article

Rostampour, P., Salehi, A., Movahhedi Dehnavi, M. and Naghiha, R. 2026. Response of the effect of nutrient
resources and drought stress on germination characteristics and electrical conductivity of seeds obtained from
the mother plant of Persian borage (Echium amoenum). Iranian Journal of Seed Science and Research, 12(4):
41-62. (In Persian)(Journal)

DOI: 10.22124/jms.2026.97141

COPYRIGHTS

Copyrights for this article are retained by the author(s) with publishing rights granted to the Iranian Journal
of Seed Science and Research

The content of this article is distributed under Iranian Journal of Seed Science and Research open access
policy and the terms and conditions of the Creative Commons Attribution 4.0 International (CC-BY4.0)
License. For more information, please visit http://jms.guilan.ac.ir/

1. Ph.D. student, Department of Agronomy and Plant Breeding, Faculty of Agriculture, Yasouj University, Yasouj, Iran.
P.rostampour@stu.yu.ac.ir

2. Professor, Department of Agronomy and Plant Breeding, Faculty of Agriculture, Yasouj University, Yasouj, Iran.
aminsalehi@yu.ac.ir

3. Professor, Department of Agronomy and Plant Breeding, Faculty of Agriculture, Yasouj University, Yasouj, Iran.
movahhedil354@yu.ac.ir

4. Associate Professor, Department of Pathobiology, Faculty of Veterinary Medicine, Shahid Chamran University of Ahvaz,
Ahvaz, Iran. r.naghiha@scu.ac.ir

*Corresponding author: aminsalehi@yu.ac.ir

Al



