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Morphogenesis and Physiological Basis in Wheat Cultivars with Different
Levels of Cold-Resistance during Cold Acclimation and Freezing Period
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Abstract: “Dongnong dongmai 1” is the released cultivar of winter wheat (Triticum aestivum L.) in Heilongjiang province in
China. However, the physiological metabolism in the over-wintering process of the cultivar is unclear. In this study, the plant
morphological characters were investigated and several physiological parameters were measured with comparisons of three winter
wheat cultivars, Dongnong Dongmai 1 (cold tolerant), Dongnong 705 (semitolerant to coldness), and Jimai 22 (cold susceptible),
the objective was to understand the physiological adaptation to low temperature of Dongnong Dongmai 1. The numbers of leaf,
tiller, and tiller leaf as well as water content in plant were investigated from 3 Oct. to 8 Nov. at a 5 d interval. Leaf, sheath, and
tiller nod were sampled from 22 Oct. to 22 Dec. at a 10 d interval. The numbers of tiller and tiller leaf were significantly higher in
Dongnong Dongmai 1 than in other cultivars before frozen period. Under cold stress, water content decreased in all parts of culti-
vars. Dongnong Dongmai 1 had the largest reduction of water content in leaf, but the water content in tiller nod declined slower
and maintained the highest level among the three cultivars. In contrast, Jimai 22 had relatively higher water content in leaf and
sharp reduction in tiller nod. The electric conductivity measurement indicated that leaves died at 30, 20, and 0 d after the frozen
day in Dongnong Dongmai 1, Dongnong 705, and Jimai 22, respectively. The total soluble sugar content in leaves and leaf
sheathes was the highest in Dongnong Dongmai 1, and the lowest in Jimai 22. Similarly, during frozen period, the content of total
soluble sugar in tiller nod was the highest in Dongnong Dongmai 1 and the lowest in Jimai 22. Superoxide dismutase (SOD) in
leaf was inactivated at 20 d after the frozen day in Dongnong 705 and Jimai 22, but maintained the certain activity even at 40 d
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after the frozen day in Dongnong Dongmai 1. Moreover, the activities of SOD in all parts of Jimai 22 were lower than those of
other cultivars. During frozen period the activities of peroxidase (POD) were higher in sheath and tiller nod in Dongnong Dong-
mai 1, it was higher in tiller nod and lower in leaf sheath in Dongnong 705, and cignificantly lower both in sheath and tiller nod in
Jimai 22.The results suggest that high resistance to coldness in Dongdong Dongmai 1 is probably related to the translocation of
total soluble sugar from leaf to sheath and tiller nod. Low water content in plant and relative high activities of SOD and POD in
sheath and tiller nod are also contributed to the cold-resistance of Dongnong Dongmai 1.
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- 1,
Equiza!"
, 50%
[2-31, 41 Bohn Lutyie[s]
[6]
Ca’'-ATPase
[7]
, [8]
3 )
1 #MERZE
1.1
1, 2007
(46°30'~47°34'N) 5
70% , 90%
22 )
s 0
705 ,
, 2006 2007 40.0%
37.5% 3 2007 9 10
(44°04'~46°40'N) s
, 266 hm™2, 2 m,
0.15m, 10 ,3
1.2

(10 3 ) 5d ,
15

)
10 22 , ,
10d 1, 7,
30 90 5,
; 5, ;
-20°C ,
1.3
3g, 3
, 90°C ,
, (%0)=(
Y x100%
1.4
91 (SOD)
; el (POD)
; ol ;
: [9]
1.5
, 0C ,
-2C , 10C,
[10]
0°C , 1]
(D,
10 22 11 12 s 11 12
11 16 3C
0cC, 0°cC,
11 22 12 2 12 12
12 22 10 20 30 40d
2 BFERESH
21 3
, 1 705
22 ,
587 5.85 587 1
, 10 23 , 705
22 10 28 113



7 1315
1 705 , 1 11 3 ;
22 4.67 3.00 2.79,10 | 705 22
18 705 , 10 23 22 8.14 596 6.01( 2)
30 ¢ — Maximum temperatures
- 20 —— Minimum temperatures
)
g
g 0
w
= e Y n o D ! 4 ~
IS @@ @@ TSR
[—
=20
30 L Date (month/day)
B1 RRHANNEESEESHRREE
Fig. 1 Maximum and minimum temperatures in wheat growing period
Data provided by meteorological observatory of Heilongjiang province.
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Fig. 2 Leaf number (A), tiller number (B), and total leaf number on tillers (C) in three cultivars
DN1: Dongnong Dongmai 1; DN705: Dongnong 705; JM22: Jimai 22.
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Fig. 3 Changes of water content in leaf (A), sheath (B), and tiller nod (C) in three cultivars
DN1: Dongnong Dongmai 1; DN705: Dongnong 705; JM22: Jimai 22.
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Fig. 4 Changes of relative conductivity in leaf in three cultivars
DNI1: Dongnong Dongmai 1; DN705: Dongnong 705; JM22: Jimai 22.
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Fig. 5 Changes of proline content in leaf (A), sheath (B), and tiller nod (C) in three cultivars
DNI1: Dongnong Dongmai 1; DN705: Dongnong 705; JM22: Jimai 22.
22 22 POD R
1 705 POD ,
20d 1 12 12 3 POD
705 R 40 d 1 705 22
1 39.1 mg g_l, 705 POD 12 2 11 2 11 12
45mg g 40d 1 , 26.7% 49.0%
705 ( 6) 64.2% 1 705 POD
223 WRIEBAEL 3 POD , 22 POD 12 2
20d 10 22 5 2 R 12



7 1317
1 POD 22 (7
65 [ 80 8
C
B
_6or 75 2|
@ 55 70
E 65
§ 50 65
=
S 45t 60 55t
%
i'; 40 55 a5t
=
§ 35 ¢ 50
30 ' 37
25 ] 40 1 s ' ' 1 '} 25 i i i
[ ol [} (%) o [} [} (%) o (o] (%] [} [} Ix] [ [ [} (%) o ol ol
94 = = d 5§ = d d = = d a - o g =z daz d
S~ o= - g8 8 S - Zz zZ T g d E " D =D - 8 g
Date (month/day)
E6 3ANMmMIEA). HEB)MSEN(C)RRELESENTK
Fig. 6 Changes of total soluble sugar content in leaf (A), sheath (B), and tiller nod (C) in three cultivars
DNI1: Dongnong Dongmai 1; DN705: Dongnong 705; JM22: Jimai 22.
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Fig. 7 Changes of POD activity in leaf (A), sheath (B), and tiller nod (C) in three cultivars
DN1: Dongnong Dongmai 1; DN705: Dongnong 705; JM22: Jimai 22.
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Fig. 8 Changes of SOD activity in leaf (A), sheath (B), and tiller nod (C) in three cultivars
DN1: Dongnong Dongmai 1; DN705: Dongnong 705; JM22: Jimai 22.
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