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Research on Evaluation of Cold Tolerance of Perennial Forage Pennisetum

ZHAO Chun-qiao"*, FANG Feng-guang"”, GUO Qiang', LI Cui', ZHENG Mei',
YUE Yue-sen", FAN Xi-feng"

(1. Institute of Grassland, Flowers and Ecology, Beijing Academy of Agriculture and Forestry Sciences, Beijing 100097, China; 2. College of
Life Science, Agriculture and Forestry, Qiqihar University, Qiqihar, Heilongjiang Province 161006, China)

Abstract: To clarify the key indicators for evaluating the cold tolerance of perennial forage Pennisetum spp. , a
total of 42 Pennisetum germplasms were used as experimental materials in this study. Combining indoor low-
temperature simulation with field trials, we analyzed the growth and physiological characteristics at the seedling
stage and full growth period, overwintering rate, and their correlations of Pennisetum. The results showed
that: Low-temperature stress significantly reduced seedling dry matter accumulation by 41.55% and plant
height by 11.53%. The malondialdehyde (MDA) content in leaves and tiller nodes increased significantly by
90.43% and 108.48%, respectively. Osmotic regulation substances and antioxidant enzyme activities exhib-
ited distinct responses to low temperature. A total of 9 indicators including soluble sugar and MDA contents in
tiller nodes and leaves were screened out by principal component analysis to characterize cold tolerance at the
seedling stage. Four accessions including ‘ Sumu No. 2’ *Guimu No. 1’ , Hybrid Pennisetum No. 7 and Sweet
Elephant Grass exhibited strong cold tolerance with an above 75% overwintering rate, while WQ Hybrid Penni-
setzum and Chinese Forage Grass showed weak cold tolerance with a below 50% overwintering rate. The over-
wintering rate was significantly negatively correlated with MDA content in tiller nodes, and significantly posi-
tively correlated with bud soluble sugar content. Soluble sugar and MDA contents were crucial indicators for
characterizing the cold tolerance of Pennisetum. This study provides a theoretical foundation for the breeding
and innovation of new Pennisetum germplasms with high cold tolerance.
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ological responses; Winter survival rate
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Table 1 The germplasms of perennial forage Pennisetum
tested in this study

45 Tl 5 ¢ 5 4 R T e AR

Ttem Germplasm resource Code name
1 W1 ZL1
2 BB 25 712
3 MR 3 ZL3
4 WL A 714
5 LR S5 715
6 MR 6 ZL6
7 MR RT S ZL7
8 KM EBHR S 7ZL8
9 SR ]] 1
10 JJ-3-4 1134
11 Ht G B TXC
12 AT HZC
13 ERUGEEF 'S 3 GM1
14 EWE R WQXC
15 KRR AL WQZXC
16 A 2300 RY2300
17 GG 7= MR GGZL
18 R SR WQZL
19 445 T RY4
20 HZT-CK HZTCK
21 A R JMLC
22 LREESY o ZHLC
23 HTZI-5-1 HTZI51
24 DIV A 3 SM2
25 JIT1-61 JIT161
26 WI1CK WI1CK
27 W2CK W2CK
28 W2T2-6-1 W2T261
29 W4T3-2-150 W4T32151
30 WA4T3-2-15@ W4T32152
31 W4T3-2-15@) W4T32153
32 W4T3-2-15@ WA4T32154
33 WAT3-2-16@ W4T32163
34 W4T3-4-16@ W4T34162
35 WA4T3-4-16@) W4T34163
36 WAT3-4-16@ W4T34164
37 W4T3-4-160 W4T34165
38 WA4T3-4-16© W4T34166
39 WAT3-4-16D W4T34167
40 W4T3-4-16® W4T34168
41 WI1T1-2-13 W1T1213
42 WI1T1-4-22 WI1T1422

TE 3% P R OHLZL € 4R 10 5T A FH i 8 i A e
Note: Germplasms marked in bold black and red in the table are
the materials used in the field experiment
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Fig. 1 Differences in (a) dry matter accumulation and (b) plant height of various germplasms after recovery from low-temperature stress
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Fig.2 Response characteristics of (a) malondialdehyde (MDA) content, (b) peroxidase (POD) activity, (¢) superoxide dis-

mutase (SOD) activity, (d) catalase (CAT) activity, (e) ribulose-1,5-bisphosphate carboxylase (RuBPCase) activity, (f)

phosphoenolpyruvate carboxylase (PEPC) activity, (g) soluble protein content, (h) soluble sugar content, and (i) free proline

content in leaves of various germplasms after low-temperature stress treatment
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significant difference (P<C0.0001)
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Fig.5 Characteristics of physiological and biochemical indicators in buds: (a) peroxidase (POD) activity, (b) superoxide dis-
mutase (SOD) activity, (c¢) catalase (CAT) activity, (d) soluble sugar content, (e) soluble protein content, (f) free proline con-

tent, (g) malondialdehyde (MDA) content, (h) tissue vitality, and (i) electrical conductivity
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