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Table 1- Source of variations, degrees of freedom and mean squar es of survival percentagein clover species as affected by
freezing stressin controlled conditions
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Figure 1- Interaction of planting date and species on Survival percentage of clover under controlled conditions
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Figure 2- Interaction of planting date and freezing temperatur e on survival percentage of clover under controlled conditions
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Figure 3- Survival percentage of clover speciesin different freezing temperatures under controlled conditions
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Table 3- Source of variations, degrees of freedom and mean squares of L Tspg,, RDM Tggand RLAT 5 in clover species as
affected by freezing stressin controlled conditions
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Table 4- Effect of planting date and species on L Tsog,, RDM Tgpand RLAT 5 (°C) as affected by freezing stressin controlled

conditions
Treatment LTeow RLATs, RDMTe
il s
Planting date
29265 A -17.0 142 -15.0
Sep. 18
2oV -165 153 157
Oct. 18
LSD (0.05) 0.9 ns ns
N
Species
7 172 121 -15.8
Red
ke -165 144 141
White
! 171 -17.0 -165
Persian
Y -16.2 -15.4 -16.1
Crimson
LSD (0.05) 10 18 08




Vopah 668 W o) Sleogas oy oo g I pio

o3 L 1y VL glo s d oo pgd cullS ) (SY &S
Anderson and Taliaferro, ) 5,31 5 yauw bl ddllae b 48" ol
Ol ady Jole > GlalS e lopw & Jood (e (1995
YA CoslS )3 caslio slopwss b ojul (sladieS Lol &)1y caillas
Cond (6 cumbio sl SUlgs colo ppo YV & Cannss oloygs o
Ouellet and Charron, ) e, 5 sl .aiils o)lgg 455 4
Cul (55 L Cutn S (5550 4 Jooo &S azily Hlplsl (2013
porde ol 4 eul (e plod )3 (S5 aslyy Cud)bo aiajl oS
e Comad (lile Cdib plr S ol g o puir (S &S

Lyl (So55 4 Jezs

B Sep. 18 (5 6 YV

LTS0g, ("C)

Sl —ine gl LTsosy y1a3 5l o (glodsS (s 5

Jo 8 phed )3 padls ul Jlade g (7 i) cuils 3924 (P<0.05)
Sy (F Ja2) 350 (SY 5 dsis soaisS Sl Sl Slnl s
b &S spsbods (7 Jou) 392 o gtme LTs0s 32 4565 9 cudlS 0,6
455 95,3 LTs0g coloygo YV 4y olo yo2 08 YA 5l cusls’ o 86
byl )3 8L LalS (SY L5 5 9 (Il Slal g 53
JS8) s o> Sl ) 93 (w3 a3l ol i 1 (Sl
(Sl g S 30)3) 0jualy (sladisS yo2 0 YA €3S )b 1 (0
P (SY) olae 4555 &5 )d wing: 41305 2 (65508 LTsoq
Sy ooyl a cplply il (6568 LTssy oloygo YV cuslS

D Oct. 18 (g V3

1SD (0.05)=1.1

|l

Crimson

Persian

White Red

w8 bl s Cnd yod 0L )3 LT 50q, 2 455 9 CanilS gy )b piiSiod yo —0 SISO
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Table 5- Source of variations, degrees of freedom and mean squar es of leaf area and dry matter in clover species as affected
by freezing stressin controlled conditions
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Introduction: In Iran, clover is the second most important forage crop after alfalfa (Medicago sativa) and is
cultivated on a surface of about 70,000 hectares. Yield improvement of this plant could be achieved through
autumn cultivation. Iran is still one of the main centers for the diversity of clover species, there is not much
information about freezing tolerance of native species of this important plant. Since freezing stress is one of the
most important winter stresses which causes severe damage to the plant cells and tissues and ultimately plant
death, evaluation of freezing tolerance of this crop could help to determination of the best planting date in order
to achieve the highest yield. The aim of this study was to evaluate the freezing tolerance of four clover species
through assessment of plant survival and re-growth after freezing stress.

Materials and Methods: In order to study growth criteria of four clover species after freezing stress in
controlled conditions, an experiment was conducted in 2012-13 in Faculty of agriculture, Ferdowsi University of
Mashhad. Treatments were arranged as factoria based on Completely Randomized Design with four
replications. Factors were included of planting dates (late September and late October), clover species (red
clover T. pratense, white clover T. repense, Persian clover T. resupinatum (autumn species) and crimson clover
T. incarnatum (spring species) and freezing temperatures (O (control), -3, -6, -9, -12, -15, -18, -21°C). Survival
percentage, LTsy according to Survival (LTseg), leaf area, Reduced 50% Leaf Area Temperature (RLATsg), dry
weight and Reduced Dry Matter Temperature 50 (RDM Tg,) were measured after three weeks re-growth.

Results and Discussion: Results indicated that survival percentage was significantly affected by interaction
of planting date, species and freezing temperatures. In both planting dates, crimson and white species showed a
good surviva till -15°C while they were killed as temperature was more decreased to -18°C. In first planting
date, two species of red and Persian clover had 50 and 42% survival, but were killed in this temperature in the
second planting date. The lowest LTsg, in autumn (red, white and Persian) and spring (crimson) species was
found in first and second planting dates, respectively indicating higher freezing tolerance in crimson species at
second planting date and a better acclimation of autumn species at first planting date which led to a higher
survival compared to spring species. Leaf area was significantly affected by planting date, species and freezing
temperatures at the end of the recovery period. In first planting date, decreasing temperature from zero to -18°C
caused reduction of 98 and 48% of leaf area in red and Persian species while no plant of white and crimson
species was survived in this condition. In second planting date, leaf area was decreased about 6, 33 and 2% as
temperature decreased from zero to -15°C while leaf area of Persian species, not only was not decreased, but also
increased by about 12%. The lowest and highest RLAT 5, were observed in Persian and red species. Interaction
of planting date and species on RDMTg, was significant in a way that in delayed planting date, RDMTg, was
increased in red, Persian and crimson species while it was decreased in white species.

Conclusions. Red and Persian species showed higher freezing tolerance according to indices of survival
percentage and LTxg. The highest recovery ability of plants based on leaf area per plant, RLATs,, plant dry
matter and RDM Ty was found for second planting date. Also annual species of Persian and crimson had lower
RLATs, and RDM T, and higher freezing tolerance compared to perennial species of red and white clover.
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