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Field evaluation of the response and resistance to low temperature of alfalfa
root with different root types during over-wintering

NAN Li-Li', SHI Shang-Li', CHEN Jian-Gang', ZHU Xin-Qiang', GUO Quan-En’, ZHAO Wen-Han'

(1. Pratacultural College, Gansu Agricultural University; Key Laboratory of Grassland Ecosystem of Ministry of Education; Sino-US
Centers for Grazingland Ecosystem Sustainability, Lanzhou 730070, China; 2. Institute of Soil Fertilizer and
Agricultural Water-saving, Gansu Academy of Agricultural Sciences, Lanzhou 730070, China)

Abstract Three alfalfa cultivars with different root types (rhizomatous root of Medicago sativa L. cv. “Qingshui”; creeping root of
M. varia Martin. cv. “Gannong No. 2”; and tap root of M. sativa L. cv. “Longdong”) were used to study root adaptability to low
temperatures during a natural temperature increasing-decreasing process in Tianshui, Yuzhong and Wuwei Counties of Gansu
Province. Dynamic variations in proline, soluble protein, soluble sugar and MDA contents, and CAT and SOD activities in the roots
were determined via trace analysis in late fall, winter and spring of the following year. The results showed that variations in root
MDA content increased with decreasing air temperature in late fall and early winter. The trend in MDA content then also sharply
decreased with decreasing air temperature and vice versa with increasing temperature in spring of the following year. Root contents
of proline and soluble sugar, and CAT activity increased with decreasing air temperature and vice versa; the rules of soluble protein
and SOD activity were difference with air temperature change in different ecotopes. Membership function analysis showed the order
of cold-resistance of alfalfa cultivars was as M. sativa L. cv. “Qingshui” with rhizomatous root > M. varia Martin. cv. “Gannong No.
2” with creeping root > M. sativa L. cv. “Longdong” with tap root. The order of alfalfa cold-resistance in relation to the ecotopes was
Yuzhong > Wuwei > Tianshui. Alfalfa cold-resistance and altitude were positively correlated.

Key words Alfalfa, Root type, Ecotope, Low temperature stress, Natural temperature dropping, Cold-resistance, Physical
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Table 1 Chemical characters of soil in three tested ecotopes
Ecotope  Soil depth (cm) pH Organic matter Total N Total P Available N Available P Available K
(gkg™) (gkg™) (gkg™) (mgkg™) (mgkg™) (mgkg™)
0~20 8.62 19.33 5.51 3.15 105.0 15.17 129.96
Tianshui 20~40 8.50 9.07 5.65 3.12 102.2 6.97 244.92
0~20 8.47 13.48 5.37 3.79 74.2 10.93 164.94
Yuzhong 20~40 8.55 6.92 5.37 3.72 68.6 3.01 109.94
0~20 8.70 10.60 7.07 3.32 88.2 13.24 119.95
Wuwei 20~40 8.67 10.38 5.37 3.03 84.0 9.77 69.94
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Table 2 Variation in proline content in root of alfalfa cultivars with different root types in three ecotypes pgg
- ) Sampling date (month-day)
Ecotype Cultivar 09-15 10-15 12-15 01-15 03-15
217.68+0.34¢ 307.62+0.55¢ 354.14+0.16b 414.99+0.72a 287.52+0.28d
Tanshui 225.36+0.46d 358.55+0.60b 360.20+0.80a 273.15+£0.67¢c 178.36+0.19¢
152.30+0.60d 265.34+0.29¢ 347.61+0.57b 409.32+0.58a 125.30+0.16¢
284.76+0.48e 351.51+0.56d 354.13+0.80c 558.75+1.05a 535.47+1.15b
Yuzhong 359.65+0.60c 360.26+0.50c 361.07+1.32¢ 574.03+1.25a 554.33+1.31b
326.43+0.44¢ 357.07+0.71d 366.45+0.40¢c 576.22+0.55a 556.29+1.19b
287.58+3.99d 356.95+0.47¢ 354.58+0.20c 564.67+0.41a 560.35+1.23b
Wuwei

291.23+0.75¢
331.46+0.56¢

360.38+0.54d
360.31+£0.45d

365.39+0.63¢
371.39+0.45¢

575.57+0.50a
599.57+0.70a

563.80+1.51b
583.60+0.99b

.o »

sativa L. cv. “Longdong”.

The same below.
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(P<0.05) Different small letters in each row indicate significant difference at 0.05 level.
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Table 3  Variation in protein content in root of alfalfa cultivars with different root types in three ecotypes mg-g™!
(- ) Sampling date (month-day)
Ecotype Cultivar 09-15 10-15 12-15 01-15 03-15
Tianshui 11.33+0.21e 20.31+0.15d 29.36+0.29¢ 91.91+0.53a 72.36+£0.53b
7.53+0.09¢ 15.07+0.03d 18.43+0.03¢ 74.11+0.16a 60.15+0.14b
12.55+0.19¢ 18.60+0.18d 19.75+0.59¢ 81.44+0.58a 52.70+£0.41b
Yuzhong 36.23+0.80d 27.23+0.12¢ 38.48+0.53¢c 99.40+0.58a 91.11+0.41b
30.24+0.16¢ 19.95+0.27¢ 23.30+0.62d 79.21+£0.35a 72.72+0.09b
20.20+0.58d 16.65+0.13¢ 25.11+0.74c 80.79+0.38a 72.16+0.08b
Wuwei 15.98+0.49¢ 26.03+0.77¢ 22.50+0.12d 92.84+0.80a 85.91+£0.19b
12.47+0.13¢ 19.62+0.66d 21.96+0.43¢c 94.77+0.51a 74.18+1.76b
24.02+0.69c¢ 26.25+0.26¢ 20.20+0.58d 83.59+2.93a 69.97£0.91b
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Table 4 Variation in soluble sugar content in root of alfalfa cultivars with different root types in three ecotypes mg-g™"

Cultivar

(- ) Sampling date (month-day)

Ecotype 09-15 10-15 12-15 01-15 03-15
148.71+0.10b 149.60:£0.05b 150.58+0.24b 175.49+0.27a 103.48+0.12¢

Tianshui 146.910.07¢ 150.71=0.03b 152.1540.03b 169.15+0.16a 62.79+0.14d
137.2840.01bc 135.78+0.30c 139.63+0.02b 149.81+0.03a 65.53+0.07d
150.820.04b 152.43+0.02b 152.79+0.00b 181.59+0.62a 179.39+0.29a

Yuzhong 152.89+0.03ab 155.18+0.03a 155.23+£0.01a 155.65+0.84a 143.36+0.84b
145.89::0.00b 148.78+0.04b 148.75+0.02b 170.21+0.55a 139.50+0.53¢
147.65+0.04d 150.81+0.05d 160.860.02¢ 185.44+0.05a 178.29£0.46b

Wuwei 150.41+0.01d 151.84+0.00d 153.59+0.02¢ 183.70+0.02a 173.97+0.21b
153.15+0.03d 157.19+0.02¢ 148.50£0.01¢ 168.18+0.20a 163.38+0.29b
£S5 3INESXFRREERERRE MDA 2Tk

Table 5 Variation in MDA content in root of alfalfa cultivars with different root types in three ecotypes ~ pmol-g™'
(- ) Sampling date (month-day)

Ecotype Cultivar 09-15 10-15 12-15 01-15 03-15
49.09+0.14b 61.50+0.33a 40.94+0.29¢ 12.9240.17¢ 31.26+0.16d

Tianshui 47.11£0.27b 55.29+0.16a 41.92+0.17¢ 18.85+0.20¢ 38.09+0.33d
45.72+0.26b 63.81£0.33a 37.14£0.18¢ 21.62+0.29¢ 28.05+0.22d
18.310.69¢ 30.80+0.25a 21.44+0.43b 12.17+0.14e 14.10£0.21d

Yuzhong 28.42+0.04b 31.98+0.04a 21.73+0.03¢ 13.50+0.05¢ 17.18+0.02d
29.15+0.01b 38.58+0.10a 25.86+0.21¢ 13.67+0.47¢ 16.85+0.29d
35.53+0.12b 44.65+0.36a 20.72+0.57¢ 16.41+0.02d 17.32+0.27d

Wuwei 46.56+0.23b 51.17+0.49a 25.82+0.90c 16.18+0.06d 24.91+0.07¢

33.97+0.22b 41.54+0.40a 27.57+0.04c 24.92+0.07d

25.8440.35¢cd
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Table 6 Variation in SOD activity in root of alfalfa cultivars with different root types in three ecotypes Ug™
(- ) Sampling date (month-day)
Ecotype Cultivar 09-15 10-15 12-15 01-15 03-15
5.91+0.16¢ 6.23+0.14b 7.19+0.09a 5.00+0.21d 4.78+0.22d
Tianshui
5.33+0.18b 6.11+0.18a 6.23+0.21a 4.77+0.27¢ 5.39+0.10b
6.08+0.11a 5.3240.12¢ 5.85+0.14b 5.18+0.15¢ 4.81+£0.07d
5.85+0.06b 6.61+0.26a 6.95+0.18a 5.48+0.34b 3.85+0.22¢
Yuzhong
6.37+0.06a 6.43+0.13a 6.57+0.08a 3.84+0.32b 3.89+0.27b
5.72+0.25b 6.27+0.14a 6.30+0.16a 4.60+0.09¢ 4.50+0.10¢
6.09+0.19b 6.43+0.09a 6.60+0.18a 5.19+0.14d 5.54+0.20c
Wuwei
6.22+0.15b 6.44+0.13ab 6.53+0.06a 4.59+0.18d 4.94+0.12¢
5.32+0.13b 6.06+0.13a 6.23+0.56a 4.58+0.14¢ 4.86+0.11bc
RT 3MESEAEREERBIRR CAT BT
Table 7 Variation in CAT activity in root of alfalfa cultivars with different root types in three ecotypes mg-g”'*min”"
(- ) Sampling date (month-day)
Ecotype Cultivar 09-15 10-15 12-15 01-15 03-15
i ) 14.62+0.34¢ 22.51+0.20¢ 54.40+0.35a 29.52+0.34b 19.52+0.15d
Tanshui 28.53+0.31d 40.40+0.28b 55.50+0.44a 33.49+0.26¢ 16.26+0.00¢
20.81+0.01d 27.42+0.03¢ 42.5240.02a 29.26+0.30b 11.44+0.28e
26.77+0.34c¢ 26.88+0.20¢ 84.87+0.76b 105.14£1.01a 16.30+0.01d
Yuzhong
39.23+0.03d 44.44+0.03¢ 76.54+0.01b 87.42+0.84a 24.18+0.84¢
33.12+0.69d 36.52+0.08¢c 43.48+0.26b 48.97+0.85a 6.08+0.03¢
) 33.57+0.68c¢ 44.12+0.68b 43.42+1.02b 50.28+0.18a 22.91+1.35d
Wawer 41.62+1.88¢ 47.84+0.86d 79.59+2.88b 87.69+1.48a 62.05+1.86¢
22.7240.30e 31.94+0.68¢ 46.09+3.05b 51.64+0.60a 26.28+0.67¢
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Fig. 1 Comprehensive evaluation of cold-resistance of alfalfa cultivars with different root types in three ecotypes
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