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Evaluation of cold-tolerance in genetic resources of some annual
forage crops under cold climatic conditions
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Table 1. The origin and number of accessions per species used in the experiment

Py ‘,f 0555 sldas laze
Species No. of accession Origin
MWl 5 olul =
Bromus Danthoniae 2 = J’
Khorassan, Iilam
oLIT
Bromus diandrus 1
Germany
. . OlJT
Bromus madritensis 1
Germany
O !
Bromus secalinus 1 s
Iran
. olJT
Lathyrus cicera 1
Germany
Olul s 5 6ok 5 o )lg
Lolium rigidum 4 T ). .)LP'
Chaharmahal va bakhtiyari, Khorassan
Ol !
Lolium temulentum 2 s
Iran
BIEESIN
Medicago littoralis 1 o
Mazandaran
oliile BIENIN
Medicago minima 4 o5 S
Mazandaran, Kermanshah
. oliils S
Medicago noena 1
Kermanshah
Ol J 5 Okl
Medicago orbicularis 5 4
Golestan, Kermanshah
OhyLle 5 Ol
Medicago polymorpha 3 ik s O/
Lorestan, Mazandaran
Ol S 5 Olkan ¢ 8 Olow )3T coliile
Medicago radiata 5 52 B il ] Shned
Kermanshah, Azarbaijan gharbi, Hamedan, Kordestan
OyLsb 5 Oldens colisle
Medicago rigidula 8 T e
Kermanshah, Hamedan, Mazandaran
. )
Medicago scutellata 1
Lorestan
Ol g 9 Ol
Melilotus indicus 9 i
Khorassan, Khuzestan
Ol =
Melilotus officinalis 8 -
Khorassan
. . e
Onobrychis caput-galli 3
Kermanshah
Onobrychis crista- 5 oo 5 Ol celiile S
galli Kermanshah, Lorestan
Olul =
Onobrychis pulchella 1 -
Khorassan
Phalaris tuberosa 1 Obul &
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Species No. of accession Origin
Khorassan
g Ol 5 28 Ol )3T
Trifolium arvense 4 <

Trifolium campestre
Trifolium clusii
Trifolium dasyurum
Trifolium diffusum
Trifolium echinatum
Trifolium hirtum
Trifolium lappaceum
Trifolium leucanthum

Trifolium purpureum

Trifolium resupinatum

Trifolium scabrum
Trifolium spadiceum
Trifolium spomosum

Trifolium tomentosum
Vicia ervilia

Vicia sativa

Azarbaijangharbi, Lorestan
S5 Olomby3T 5 Oldas ¢ oo

4
Fars, Hamedan, Azarbaijansharghi
| RINVNY
Hamedan
Olden
1
Hamedan
1 @A Ol 3T
Azarbaijangharbi
4 S5 Olml)3T
Azarbaijangharbi, Azarbaijansharghi
4 oliile S 5 (g8 Ol )3T
Azarbaijangharbi, Kermanshah
3 oliile S5 (55 5 8 Olml)3T
Azarbaijangharbi, Azarbaijansharghi, Kermanshah

| oliile S

Kermanshah
. oliile S

Kermanshah

Ol S e g8 5 (B Ol )3T
7 ool
Azarbaijansharghi Va Gharbi, Kordestan, Fars
> A Ol by3T 5 aliile S
Azarbaijangharbi, Kermanshah

. oliile 57

Kermanshah
| oliile S

Kermanshah
. oliile S

Kermanshah

Iran

14 LS,.S}‘ 9 (\)L_‘ c[)l:.w,‘ cu..:)lé ¢dl>u)L€>‘ Ol dan

Fars, Hamedan, Lorestan, lilam, Markazi
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Table 2. Climatological parameters from October 2015 to March 2016 at Jolge-Rokh research

station
Climatological =~ March February January December November October  Total
parameters
(°C) slhe £S sles -13.2 -14.8 -10.0 -17.4 -2.40 3.20 -
Absolute minimum
temperature
(°C) slhs iy slos 184 12.4 16.2 17.4 22.2 31.6 -
Absolute maximum
temperature
(°C) Ls €S bwge  -1.10 -3.10 -4.20 -3.60 3.50 8.50 -
Mean of minimum
temperature
(°C) Los eiy aw e 1011 5.80 8.40 7.90 16.6 232 -
Mean of maximum
temperature
b slags, sl 3.00 9.00 2.00 3.00 1.00 0.00 18.0
No. of precipitation
days
Oldis glajg, sldas 14.0 16.0 17.0 17.0 4.00 0.00 68.0
No. of freezing days
7.30 76.9 1.30 3.30 6.40 0.00 95.2

(mm) 250 ¢ ez
Total precipitation

Jsdar) <55 515 aslioe 350 SGl5 dus i
b B ok Sy dens e s (VY
e 93 sy Ao op eS AO0/F/\Y
9 )3 g e 5 e 53 L e el
Aok s ko )3 ML gy i 53 5
w5 5 515058 am 3 s Cdo opl s
sk 3 Dl Sl 4 ey bV Jsas)
s i & b bites sl sle slap S
23 M 0T s gl s Sl OT
pde 13 8 eslizal e3baw 25 Law g
s & 15 0 DS nl 5y e s,
Al s Al Cwle ) o oo
) DS s e e b
s iz 53 e o 2aST (WOIAY 5,6

Lzdy ) Obns Sl ey S8l 5 s
Sl 53 Ll Gl Glodki 4l ma
odkaeSis by Lo (0 Jsd) Sl
Ll 5 0 4 Lo (b S mlaw QLS
S0 AL Clie (Bli (65,587
o Iy o Sl dald glad gl Sl
aglie SaS 4 o bros g SaleST Usb
Ldd

Slp 8 Wbl 4y @b
Olis gw) 3550 Slaws j> Calidea la i
Lo ys &S5 e 53 Solsme gl &S sl
O b 51 S U egsa Sliv sl Sl
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b i 53 oo 8ol e
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Table 3. The evaluated traits for forage crops germplasm used in the experiment

the flowering

olla>Me 2ol e bl sl NSV I 3,
Remarks Method of evaluation Evaluation Trait Row
criterion
B Aoy 5l e olil o
P IER S o BEISTE NS PIS W R
QJS)QM’\“Z}T”" M))}Tﬁ u}s
Based on the estimation v/igyal estimation Percentage of 1
of percentage of
; emerged
emerged seedlings per .
seedlings per plot
plot
3 e 555 V) Ol o s 5 s DS 3 ol
. o
(eus . Number of plants 2
. Counting "
73 days after sowing per plot
S a3 VP OLT g 52
(eis CLNM):)'\ VDS ROV I B QJSCLJ-.:MMJ;
73 days after sowing &S e sl Percentage of
Ax 555 VEV) 02355 5 YV Baced on the estimation Visual estimation green cover per 3
L5 plnil (S5 of percentage of green plot
247 days after cover per plot
sowing
S a3, Y9) 0T g 52
Sl ps 5 (Gl -4 g =0 (S L )
S e 5, Yoy At Jla ’L’.).‘,;*:"" A 6 e Ly Ol e 4
L el i 1= very low, 5= Scales of scoring ~ Growth rate
. intermediate, 9=very
73 days after sowing hioh
253 days after 1
sowing
ol 050) Leseze ShelS
—0 (eer o SalS il
) o) ol SlS =4 Lo s
AV s 31V 'CUU 33 5 edserslt oS slacil
Lol S Sl 5, (Ll 5,5
N . Pl eJ»J Lejw “ J,q.zj
s gl 1= completely tolerant Scales of . Cold tol 5
The evaluation was (no damage, all plant  Sc@les of scoring  Cold tolerance
performed 87 days organs are green), 5=
after sowing intermediate, 9=
completely susceptible
(all plant organs are
damaged and are
yellow)
53 ool Sl plis|
FoSle Sty 6
cm Stem height at
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Table 4. The results of descriptive statistics for the evaluated traits of forage crops germplasm under cold stress at Jolge-Rokh research station

b el 5 olis %apuorwmgp. 8 Ay Ol PES e Sy V) b 4 e Jvoﬂpu%‘upcf{ 2 elS sl S e il b ey Ao
Traits and Plant height at i) eIy (Pl AL Jome (L3 A2 6 WS L oS ol Emerged
parameters flowering Growth rate in Green cover per Cold tolerance Growthrate in  No. of plants Green cover per mmom\_:ﬁm

(cm) May (1= very plotin April (%) (1=tolerant, 9= November (1=very per plot plot in November (%)
low, 9 = very susceptible)  low, 9= very high) (%)
high)
ol
222 11.0 13.0 7.20 3.00 35.7 36.5 33.8
Mean
3l glas
2.80 3.20 2.50 0.90 0.70 3.60 4.10 3.50
Standard error
Los
29.00 8.00 100 8.00 1.00 100 40.00 5.00
Mod
Shre Gl sl
Standard 19.80 19.50 29.20 8.40 7.40 38.50 37.30 34.10
deviation
S
o 2 2 2 1 1 1 1 2
Minimum
o 63 9 100 9 9 100 100 100
Maximum
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Table 6. Results of one-way ANOVA for different traits among different forage crop genera

T e 5y Loy Olsae

s s nL.§ .)\_,\.1_7 Zz
: e gy el 5ol ; =
PR BEE P . . . 03 Ol JeaS S P ):al:SCLa.,)l
S is mlee . oLl s & oS s B
So‘l;.:ecof 3l o Gi No. of ) b RASA A
L Emerged reen cover % Ol Growth rate Cold =" Plant height
variation df seedlings (%) perplotin  plants per in November tolerance Green cover Growth rate at flowerin:
&8 (") November (%)  plot per plot in in Ma g
April(%) Y
Between 155" 156" 7017 740" 6.40" 129" 7.50" 60.6™
Groups
Within -y 4.10 5.10 7.60 0.10 0.50 2.50 020 230
Groups
Total 120

**: is significant at 1% probability level

T [T diffusum I campestre g« ; B
T o T scabrum (T lappaceum echinatum
o p0d D) Lo 4 YU e 51 Sy hirtum
sl 4l g g Jy isls Olas 1, O G Y
old jew 38 S A 53 olS sue Ve BN
DY LN O b el Aoy Ol Jg 5 s
ol 3 (abf@.as [ Gsls Olas (QB/A/Y @JU
s 9 iyl Ol ) g Slale Lo 5o
23 5 Lo ady Sl de e Sl oo LOT
035 a0 g 55 LA g 4 e
93 & > 35 I resupinatum 45; SRR g%
Lo 51 3 6 Sl 0T (s 5 2105 0
Ol 1) &8 55 jew hdgy doys Voo U
S Sl b 4 fod 2L551 5 5 sl
(50TNO1054) i3 o35 &S 55 F 00l
(50TNO1514) ey o35 ¢S 438 0,a5 b
LT 31 pltS s Jy cisls OUS o S
S5 e ssba asyie 53 da Jl Hle 5o
b e sns i (solod 457 inls OLES ol il
Loy o s 6115 TOTNOOO12 6 ylads 035 94

oyl b B. diandrus 43;5 b w 4 Joooi 5

'/.\ J\AI>| ck..u BL ngla@;u K23

U amslie 53 & 0,05 b 44TNO000S pioeen
sls Ol oo 4 (6 2t ol aos g5 4k
B A
Loy SIS G Ao o ) A5 O 5n 5 S 5w
Loy Olee 55T ong andl .isls Olas 1
sloa S L lap S o 53313 0L 1 F o e
o 1 5l e ook i Sy
asy e 5o da o Hle U g sl L ) b 4
b gai wr ol 5o . Lkile BL e j4ba
M. indicus ¢ M. officinalis 43; 95 A
53V oo ) b 4y ol Ly 5 31 oy
313 0L 1 (@ 0103 L) eleom SIS G 03 5 A
Lo )3 YO L o> g 95 M. officinalis 45; 3
Oljen ezt 5 Sl 53 S5 o iy
Ole 53 s g2 mlie o g jom (Ao jad L) S
Sl Sall s iz G S 5 bes g
035 a3 F 5 ¥ e bl 4 o
L M. polymorpha ¢ M. rigidula ‘_gl.mu')f Bl
ods3 S A 53 odd e oS YN B Y sl
Olgen by S Sl 53035 &S5 Lo S s

o o3 goedile Shac e ;oY o bl



....‘;\;)‘Gupuﬂ@w&b,t

03 1) Jess g S 10TNO0039 o Lulis

Gl ke OlalS Cilises (gla i L3 SSls Loy bl o cilises Slis Kl (oo S -V Jsitr

Table 7. Duncan's grouping for the traits of different genera of forage crops
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Extended Abstract

Abbasi, M. R., Mahdipur, A., Sharifi, H. R., Beheshti, A. R., Evaluation of cold-tolerance in genetic
resources of some annual forage crops under cold climatic conditions
Applied Research in Field Crops Vol 32, No. 03, 2019- Page: 01-03: 01-17(in Persian)

Introduction

Temperature influences plant physiological processes, cellular structure and
development. Habitat from which plants originate has undeniable effects on plant
tolerance to cold temperatures. Plants from higher latitudes exhibit more tolerance
to cold stress than plants from lower latitudes. When plants are exposed to cold
stress, a sequence of events is triggered inside them, leading to an improved
tolerance to the environmental condition. This phenomenon is known as plant
hardening. Having access to winter-hardened species and cultivars is one of the
important necessities for the development of crop production systems in local
microclimates of cold regions. Utilizing genetic diversity in crop plant resources
is an important approach towards achieving sustainable agriculture. Diversity
in Iran’s forage germplasm for traits such as early maturity, high ratio of leaf to
stem, dense ground cover and high yield has been shown in temperate regions
such as Karaj and Mashhad (Abbasi, 2009, Abbasi et al., 2017). Testing a selection
of these germplasm accessions can determine their potential for growing under
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water-limited conditions in cold regions. Hence, different genera and species of
legumes from national plant gene bank of Iran originated from high latitudes were
used to be evaluated under cold growing conditions.

Materials and Methods

A total of 124 annual-forage accessions from 40 species and 10 genera were
selected based on the previous research works and were planted in an experimental
field at Jolge-Rokh agricultural research station. The number of accessions in
each genus included Trifolium (36 accessions), annual medics (28 accessions),
Onobrychis (9 accessions), Vicia (21 accessions), Melilotus (17 accessions), Lolium
(6 accessions), Bromus (5 accessions), and Phalaris (1 accession), Lathyrus (1
accession) and barley (1 accession). Each accession was planted in two 2-meter
long rows spaced 50 cm apart using an augmented experimental design. Some
of the traits characterized in this study from autumn to spring included growth
rate in spring and autumn, cold-tolerance score, plant height etc (IPIGRI, 1984).
Statistical descriptive parameters were determined for the evaluated traits. One-
way ANOVA (analysis of variance) and Duncan’s multiple tests were performed
on data of each trait. The analyses were carried out by SPSS 15.

Results and Discussion

Meteorological data showed that there were a total of 68 days of freezing
temperatures in the region from November till March. The lowest absolute
temperature recorded was - 17.4 °C in December. Also, the mean of daily minimum
temperature for December, January, February and March was below zero and the
mean of daily maximum temperature for December, January and February was
-10 °C, indicating the occurrence of cold stress in the region. The results of one-
way ANOVA analysis for the investigated genera and species showed that there
were significant differences among their traits at 1 % probability level, particularly
prior to cold stress. Lolium and Bromus were the most tolerant species among the
narrow-leaved forages and the tested germplasm. Among forage legumes, sweet
clover exhibited the highest tolerance to cold temperatures. Although the species
vicia, Lathyrus and Iranian clover were not tolerant to cold, they were found to be
beneficial in terms of soil conservation and sustainability due to the production of
proper vegetative cover prior to the cold spell, which lasted till the spring of the
next year. Based on the results of this investigation, the studied species and genera
can be classified into the following groups:

1- Cold-tolerant forage grasses including accessions of Lolium: 14TN00072,
14TN00038, 14TN00052, 14TN00054 and accessions of Bromus: 10TN00049,
10TN00012, 10TN00036, 10TN00039, and 10TN00026.

2- Cold-susceptible forage grasses such as accessions: KC126013 (L.
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temelentum) and barley. Although this group was sensitive to cold, they produced

good vegetative cover on ground before the occurrence of cold, which can be used

as mulch for soil protection throughout the year.

3- Cold-tolerant legumes, such as accessions of Melilotus: 58TN00025,
58TN00047, MahNo313, 58TN00182, 58TN00223, 58TN00140, S8TN00181,
58TN00080, and S8TN00190

4- Cold-susceptible forage legumes: they were categorized into two groups,
one group produced good vegetative cover on ground before the cold spell such as
accessions 44TN00047, 44TN00041, and 44TN0000S, and the other group failed
to produce enough vegetative cover on ground such as some accessions of annual
medics, Onobrychis, and Trifolium.

Keywords: Cold stress, forage legumes, forage grasses
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