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Background and Objectives: Drought stress is one of the most common
environmental stresses in agriculture crops production process worldwide.
Asparagus officinalis is the most economically important species of
asparagus which is susceptible to some of the most common biotic and
abiotic stresses. According to reports, Iranian species of asparagus can
well tolerate some of unsuitable soil conditions. The purposes of current
study were identification and morphological evaluation of different
accessions of A. azerbaijanensis Iranian species, evaluation of seed
germination indices and seedling growth of Iranian asparagus under
drought stress condition, comparing of Iranian accessions tolerance rate
with Mary Washington commercial cultivar and introducing of superior
accessions for using in asparagus breeding programs with aim of
producing drought resistant hybrids.

Materials and Methods: The current study was carried out in two different
sections at university of Zanjan, during 2020-2021, which the first
experiment was related to collection and morphological evaluation of two
wild accessions of A. azerbaijanensis species and the second experiment
was related to evaluation of drought stress (in four levels: 0 (control), 5, 10
and 15% of polyethylene glycol) on seed germination indices (germination
speed and percentage) and seedling growth (length of radicle and plumule,
radicle length to plumule length ratio and fresh and dry weights of radicle
and plumule) of Iranian asparagus in laboratory condition.

Results: The average of spear length and diameter in Ahar and Makou
accessions were 48.94 cm and 4.70 mm. The mean numbers of seed per
fruit and fruit per plant were 2.37 and 159.40 numbers in evaluated
accessions and average of 10.28 cladode number was evaluated in
accessions of A. azerbaijanensis species. The highest seed germination
speed and percentage and also length of radicle and plumule were
recorded in Gazanak accession under stress conditions. The percentage
and speed of seed germination in Gazanak accession were averagely
56.73 and 70.52% higher than those of Mary Washington commercial
cultivar under drought stress conditions. The mean comparing results for
fresh and dry weights of radicle and plumule traits showed that fresh and
dry weights of radicle and plumule decreased by increasing of stress level
in all of evaluated accessions.
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Conclusion: Wild accessions of A. azerbaijanensis species, due to their
suitable morphological variation and producing of spears with desired
taste and size, are suitable candidates to employ in asparagus breeding
programs with the aim of producing asparagus with superior vegetative
growth. Also, the superiority of Iranian asparagus different accessions
over the commercial cultivar used in this study in tolerating of water
deficit conditions and stress, promises the possibility of further evaluation
of Iranian asparagus in asparagus breeding projects and studies with aim
of producing dry resistant cultivars.
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Table 2. Applied plant materials and ploidy level, origin and climate characteristics related information.

il 5 ol Ll b s il & Sk el s <5
Avrea and climate characteristics Type Ploidy level Code Species
ixe — L Ol S SRy .
b Jses _JQ v i Mfs 2x CH A. verticillatus L.
Golestan-Chalaki- Wet temperate Wild species
gext] 35 s o3 -
el e 2x MW A. officinalis L.
Mary Washington cultivar Commercial cultivar
S $hlade = 8 S e 2X AL A. officinalis L.
Alborz-Karaj- Cold mediterranean Naturalized accession
16l e — OWL LI = o3 g s
S _J”j ading 4x TA A. officinalis L.
Alborz-Taleghan- Cold mediterranean Wild accession
b s 0S5 = ks DL s ax MA A. officinalis L.
Mazandaran-Mahmudabad-Warm and wet Wild accession
Sis - S8 0wk PP A
e 90257 025 8x GZ A. officinalis L.
Mazandaran-Gazanak-Cold and dry Wild accession
5 Jome = ol 0L 3257 e 8x BL A. officinalis L.
Mazandaran-Balade- Cold temperate Wild accession
S s S e 3257 025 - SH A. officinalis L.
Fars-Shiraz-Warm and semi-dry Wild accession
S 5 2 Sl g8 D3] 3257025 - MK A. azerbaijanensis
West Azarbaijan-Makou- Cold and semi-dry Wild accession
a2 Al 3] 37 e - AH A. azerbaijanensis

East Azarbaijan-Ahar- Cold and semi-humid

Wild accession

el ol (55515 8 (Mousavizadeh et al., 2015, 2016; Hamdi and Assadi, 2017) L. 55 4 3 <o) 50 sla in s ool 5 Jsd 5o ot Al

ol oS e gy i (poen 31 (g petme SIS T

Data in the table is based on researches conducted by (Mousavizadeh et al., 2015, 2016; Hamdi and Assadi, 2017)

* There is no valid report of ploidy level determination
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Table 3. Evaluated morphological traits in Ahar and Makou accessions and traits mean comparison.

. . Ol ot o o8
Aless Fleos = oSl Jsla~ = 2l Slis
Ahar Makqu (4202) Mean Min Max Unit Traits
accession accession CV (%)
5yl
129.40° 134.34% 18.12 131.87 72.50 177 cm BaS -
Plant height
e axls ol B Wy ol
35.87° 37.14° 48.09 3651  17.80 11260 cm ilr L N
Plant height to the first branch
S .
5.93° 5.57° 27.92 5.75 171 10.20 mm i
Diameter of main stem
| sl o5l
117.31° 105.78° 21.13 11154 68 162 cm el Bl g
Height of main stem
ol ol el sluws
46.20° 28.86" 30.96 37.53 20 58 - P AT S
Number of primary branches
a b 40 J...\;- PEARI NP
18.15 9.89 38.42 14.02 6.33 26.66 -
Number of secondary branches
ol Gl el
34.47° 32.37° 19.22 33.42 19.23 45.76 cm 25l il i J b
Length of primary branches
G ol asls
8.27° 10.05° 4.56 9.16 456 1363  cm 4l ol 2l J b
Length of secondary branches
Ayl ol als o Sl
1.84° 217° 29.52 2 0.90 336  com A il N I
Internode length of primary branches
G ol asls o Sl
0.82° 1.25° 34.49 1.03 0.40 170 cm Al el el Sk U
Internode length of secondary branches
e esls L
1.32% 1.46° 21.72 1.39 0.75 1.92 mm ol il s S
Diameter of primary branches
E ol el s
1.86° 058 28.92 0.72 0.32 111 mm Al sl sl
Diameter of secondary branches
5 s
14.86° 10.93° 24.46 12.90 7 18 - ol ol
Scale number
a b 59308 slaws
11.26 9.30 25.37 10.28 6 16.33 -
Cladode number
0.18° 0.29° 29.92 0.24 0.12 0.36 mm Sr
Diameter of leaf
S
0.87° 1.71° 39.03 1.29 0.50 2.23 cm sk
Length of leaf
4.11° 4.20° 11.91 4.16 2.66 483 mm a
Seed diameter
. s sl
2.66° 2.08° 40.05 237 1 5 ; 03 ok S
Seed number per fruit
7.13° 6.81° 11.24 6.92 571 890  mm e S
Fruit diameter
f s e sl
163.23° 155.59° 42.93 159.4 37 362 - B 03 e S
Fruit number per plant
|
46.48° 50.42% 26.26 48.94 26.32 60.60 cm ! ds
Spear length
| s
5.12° 4.38° 24.03 4.70 2.80 6.98 mm el

Spear diameter
b Sl alie Oge3l alal Ao 33 ) a3 (55lel ls ine BV B s S e G S s Pl S e Sle s, s

..\...J:Luj t dzﬁ)
In each row having at least one common letter are not statistically different at 1% level according to t test
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5 sl el dsb 4 56 5 sl il 4Ll sl
Sl s sk W laol s 5 ol el
S ks 5 dgb il Jlie s bl ol e ialS
238 0 S 5 FelisS bl A5 s
Slin (wyp e Sle g PR
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Table 4. Correlation between evaluated morphological traits and spear properties in Makou and Ahar accessions.

L slaas by L by sl
b e esls s #Cw
Ayl ol sl ol Bl oli )| 5 . L
2! o ...} ol Diameter of Hei %t of ale s e el &y CL@;! olas
Number of  Diameter of secondary stgem Diameter of stem  pyant peightto  Plant height Traits
primary primary branches the first branch
branches branches
- o
0.64 -0.22™ 0.15™ 0.10™ -0.01™ -0.12™ -0.15™ el b
Spear length
" ol a3
-0.75 -0.11™ -0.13™ -0.27™ -0.17™ 0.06™ 0.05™ -
Spear diameter
s Jsb i o Sl dsb li o Sl Jsb 4l sl
Spk Sadk W Geeldl e s w5 NEREE b i
Diameter of  Length of Length of primary Length of Internode length  Internode length ~ Number of Traits
leaf leaf branches secondary of secondary of primary secondary
branches branches branches branches
- - - o o]
-0.65 -0.85 0.08™ -0.33™ -0.67 -0.27™ 0.60 sl d
Spear length
o o ns ns ox ns i ! _)Jaé
0.63 0.74 -0.18 0.23 0.55 0.24 -0.75 7
Spear diameter
el Jsb oy ks 630 3yl 3ldad om0 b g1 55 050 dlad eli sl 353008 sluss Sl
Spear Seed Seed number per Fruit Fruit number per Scale number Cladode Traits
length diameter fruit diameter plant number
- s o
1 0.12™ 0.25™ 0.01™ 0.01™ 0.50 0.24™ sl d
Spear length
** ns ns ns ns *x ns ! _)Jaé
-0.69 0.05 -0.32 -0.31 -0.02 -0.60 -0.39 7

Spear diameter

SNapan sl e RS T gl 02 b e f o S gl 3 Jla s =
** Significant at 1% level, * Significant at 5% level and ™ Non-significant
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SIS 8 5luscst g 53 bl G g DA JLalS Lo la s s Lloas sl (g
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Table 5. Mean comparisons of seed germination and seedling growth related traits in Iranian asparagus.

wrmle glaes s S e S g e apailo & axaly) Jb ool
Asparagus (4s2) (9002 222) Cansb) (ansb) Radicle length to
accessions Germination Germination speed Radicle length Plumule plumule length ratio

percentage (%) (percent per day) (mm) length (mm)
AL 11.50f 0.64¢ 12.46° 4.85% 2.5°
AH 22.41° 1.35™ 12.04° 3020° 4.16°
BL 55.66" 2.92° 12.82° 3.90° 3.05
CH 11.76f 0.60¢ 8.01° 3.30° 2.42°
SH 27.52¢ 1.87° 6.19° 3.68%* 2.27°
TA 12.25° 0.82% 8.78¢ 3.60° 2.20°
GZ 72.21° 3.29° 14.13 6.35° 353
MK 22.45° 1.00° 10.40° 3.35° 3.10°
MA 34.20° 2.89° 10.43° 4.00° 2.49°
MW 31.25° 0.97% 7.32¢ 3.66" 2.14°

wlie Osa31 bl p doy3 ) a3 Gobl s e O] BB dits S 2ie G K3 Bl &S L Sile gt a3
("\"':’L'Lfc Y J)J}- gfd\"'”‘f Lhab‘,.? JS) .L..ZL:L;G (LSD) J\‘)‘_;\M | JE.J;— J’Z’JJ 4 wi.ll.:ﬁ

In each column having at least one common letter are not statistically different at 1% level according to Least
Significant Difference (LSD) test (Accessions code is based on Table 2)

S A s asalS Al g,k G540 b ks e Slie Kk Slglie F i

Table 6. Mean comparisons of seed germination and seedling growth related traits in drought stress conditions.

38l e Sl e ety Jsb apale Jsb Jsb s
Treatment Germination Germination speed  Radicle length Plumule length Radicle length to
percentage (%) (percent per day) (mm) (mm) plumule length ratio
Jals
49.717 357 13.922 7.21° 1.93°
Control
30
o 46.15 1.83° 13.55° 4,65 291
5%
3 )
e 26.31° 1.32° 5.96" 2.73° 2.18"
10%
2,310 d d b c c
11.33 0.65 3.65 2.08 1.75
15%

anslin O ga3l alaly Ao s ) b 53 ol Llsme Ol WU des S 2ie Gy s il oS ola o Sle st o

In each column having at least one common letter are not statistically different at 1% level according to Least
Significant Difference (LSD) test

Yy



ol s g (Sei adble / ... Asparagus azerbaijanensis godgi JSWSCSuy ) o)y

Ol s 3l 15 S Ll 53 ey 2 3550
R e (S C]a..« AL Jlesl Lyl s 5s sls
O35 5 (pS e VoA dle 5 055 Ol
034 3 (f;&“f \WIVY)  amady, S
ol (,.Ta) Slpedd cd lie 31 ds s AVYY

V Jsd) 5 5t alie Ll s Sl (5,0

gl RIP L o 0 glaes g eled o

cale 5 oaxaly, S 5 S O Ol S
Six s 5 iy e ot sl Al
pde Lald 5o 5 SS5S ea g 0 axile 5 arady,
o5 s S sdalie (Lals) Six 15 Jlesl
5 (pShs VA 5 035 s (n eSSl
Gless o 53 1 (p 8 e V) axile Sz

i i Jayl s o Gl gyl 5o amalS wd; b s e Olie 5 Kile Sleglie -V gl
Table 7. Mean comparisons of seedling growth related traits in Iranian asparagus under drought stress conditions.

Plumule fresh weight (mg)

(p S k) azle 5 055

sles
MW MA MK Gz TA SH CH BL AH AL Treatment
B

33,28 16.7 16.44" 70.0° 26.1™ 26.00°  24.01™®  23.0°  156™  40.2%° -
Control

30

18.9% 14.9% 10.23> 51.5% 24.7% 25.5% 23.5™ 182  11.3% 15.2% e
5%

K

3.9° 10.0° 7.00° 16.5% 15.0% 14.3% 14.73% 9.2¢ 6.7° 8.1° e
10%

3\0

3.1° 9.3 6.24° 10.8° 8.7° 1.9° 9.00° 6.3 5.5° 43 .
15%

Radicle fresh weight (mg) (S’;J?”) axdisy 50

sles
MW MA MK GZ TA SH CH BL AH AL Treatment
L

52.5%f 2323 60.20%f 283.3% 138"f 31.4° 120°f 150%¢ 41.7% 186%¢ -
Control

32.0°f 106.%" 32.0°f 262.9%® 90.7%f 11.7f 101°f 104°f 255 79.2%f Lo 0
5%

SRR

11.1f 60% 15.4¢f 119¢f 18.1¢ 9.0f 40.00°f 103°f 13.6% 21.2¢f e
10%

3\0

7.4 19.0° 10.0° 59.3%f 9.0f 6.8 18.04°" 31.9% 10.5' 13.6° e
15%

Plumule dry weight (mg) (o S L) axaile S 055 >

DR
MW MA MK Gz TA SH CH BL AH AL Treatment
"

10.6%® 4.2%° 4.2%° 132 4.7% 6.6%° 45% 5.23° 3.1% 8.9%° “
Control

3‘0hc 2.7hc 2.6hc 9.1abc 2.6bc 3.6hc 2‘7bc 4.6abc 2.3bc 2.7bc "\"’): 0
5%

083C 2bc 1.8hc 4‘26bc 2hc 3.5hc 1.6bc 2.7130 1.9bc 1.5bc Ao AR
10%

3\0

0.2° 1.8™ 1.5 2be e 0.1° 1.5 1.6™ 1.1° 0.76° He
15%
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Continue Table 7.

Radicle dry weight (mg)

(f;‘)’:‘) A>14...i.l)g_,<..i_>‘0j)

Loy
Phare
MW MA MK Gz TA SH CH BL AH AL Treatment
G
7.9%e 42.1® 4.2%¢ 48.3° 37.28%¢ 4.9% 40 26.1%° 4.8% 29.2%¢ » |
Contro
>0
7.20 40.7* 3.2° 36.6%¢ 15.6°¢ 4.8% 20%¢ 19.6%¢ 2.5° 13.8°¢ e
5%
PR
2.9° 3.8 1.9 23.5%¢ 3.1° 21° 45% 15.5¢ 1.8° 3.2 e
10%
3\0
1.6° 17 1.0° 13.7%¢ L7 18° 2 69%  10° 15° e
15%

Oe3l elal 2 dsps e 53 bl Sls me Gl BB dzs S zie G s Bl S Ll Sile (i, 5 Ot s 3
(il ¥ s olial Laes 55 0S) 2l o (LSD) Sls e Mol Jilom gy 4 oS0k aslie

In each column and row having at least one common letter are not statistically different at 1% level according to
Least Significant Difference (LSD) test (Accessions code is based on Table 2)

5o ol s 53 (A) sy i wlis Lyl s
S e 3 S 035 3 pete S e S
Lok Sl Sex i he ol
Tl Ulse LoaalS Al s ok Skl
dls Sl e onl (AL (VL sk
Joe O5SL 53 daes 5 glad g g D3 e
2 s GU sk s s )
oy s Sl bl laes s Lg.,\.u_oj}_f
C]a.ﬂ shls laes g Ges Soysba il
23 e Koo oy adbl 5 0L sl
kol s plod cpl S 515 alie glaes S
s iles 05 8 Dl 4 bees g o sdlBl 5
(S e g Jala Jol o5 5 .00 IS8 was
hls 55 (SN glaes 5 oS ea5 5,01 5 OWL
5 oAl Gless 5 (Adskas) LSS iyl o
Al e e Ko gl adkn gl WL
S o3 g sblssams 5 odl laess Jold pos 05 S
Sy ads ghils 5 ens Al by 038 55 e
s S Al Sl e S, 4 Sss

eMw)fQLMJb)“)Muwﬁﬁ)\ﬂj

Yy

QLS IS jsba oS ol el Olis Slalas

Sl is boaxlse 5o JYL GAdsh ke bl
0 Bl S e Jes S3h e ol 5 el
oI e 2 s olS asiges S Slastes
Rl s oedd oS s bl 5 bodake WS
5 e Dl Sl S e e e
oA s S gman D s Al el
ks s) ¢J;§ il laer gy S
LS S Cle e (AR 5 il
LSS Ol sk g ORI L &
S 33 S S s 5 LBl et S
s Sl s s oS e i e
B e = LR TR
Sl slapdS @ s A3 LIS glapaS
PSS pemes (W) 48 sl mskee ol
Clad Ol St 5 el b s 45 Sl el
55 dadigao e cuilil 5 5l ,JSLE w;?
25 St st e e ails Gl

-\-gjjli\ﬂ LSUMJ)S)\jJVSaL;fJ:J)ﬁ L;‘_}:N J.'u.c

1- Cenchrus ciliaris



ol s g (Sei adble / ... Asparagus azerbaijanensis godgi JSWSCSuy ) o)y

u:’J:’YL’ Sl RNt Sis 3w (..:lfal
Sy Sess e 53 (i a4 Cuslie Ol

W58 13 e 05 8 K 53 e

C A S E u] 5
+___.

=
§

5 oandls Rl e ol o3, b Sl s
LL{JJ; obj; Lk;»J«LG_J DL w; )\)5 0_545&)5
L oglagen 5o sty 5 s ghlst gus sl Ck.ﬂ

L]

=
&
[

e
e
SO NWYWEROW»

Sl asrib Glaes s sl aalS A3, 5 od S3aler b ke glaesls lad s w ol Sy - S

(Y Jgda bl baes g5 AS) 5,1y g, 4 SE& 55 Lyl o o
Fig. 1. Dendrogram of cluster analysis of seed germination and seedling growth related data

for Iranian asparagus accessions under drought stress conditions using Ward method
(accessions code is based on Table 2).
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