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Physiological characteristics of the alfalfa root collar during overwintering under
soda saline—alkali stress in cold areas

CHEN Ning', BAO Feng-xuan®, ZHAO Hui-xiang®, WANG Nan’, JIANG Ru-yu®, LI Guo-liang®,

LIU Xiang-ping’, QU Shan-min’, YANG Wei-guang”

1. College of Agriculture, Heilongjiang Bayi Agricultural University, Daging 163000, China; 2. College of Animal Science and
Veterinary Madicine, Heilongjiang Bayi Agricultural University, Daging 163000, China

Abstract: The root collar or crown of alfalfa (Medicago sativa) is a transitional structure connecting roots and stems,
and has an important role in alfalfa greening. This research aimed to clarify the physiological characteristics of the
alfalfa root collar during overwintering under soda saline-alkali stress in a cold area. Two alfalfa varieties LLongmu
No. 801 (over-winter survival rate 96.59% ) and Stockpile (over-winter survival rate 83.54% ) , were tested in
Daqing. The activities of superoxide dismutase (SOD) and peroxidase (POD) , and the contents of free proline
(Pro), soluble protein (SP), total soluble sugar (SS), malondialdehyde (MDA ) and tissue water content (TWC)
in root collar of two alfalfa varieties were monitored at six time points during overwintering (late September,

October, November, December, February and April) in the field. The physiological characteristics of the alfalfa
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root collar in test plants under combined stresses of soda saline-alkali and low temperature in winter were analyzed
using a multivariate procedure. It was found that under the combined stresses of soda saline-alkali and low
temperature in winter, alfalfa root collar TWC gradually decreased with increase in the low temperature stress
exposure time, and the contents of SS, SP and Pro gradually increased, reaching a peak in February of the following
year. The SS content of Longmu No. 801 was higher than Stockpile, while the Pro content of Stockpile was higher
than Longmu No. 801. SOD and POD activities together with MDA content in alfalfa root collars showed a bimodal
winter pattern, with peaks in late November and February, and the February peak in the variety Stockpile
significantly higher than Longmu No. 801 for all three parameters. Compared with Stockpile, Longmu No. 801 had
stronger SOD activity and less MDA accumulation, and POD activity was higher under cold exposure. In summary,
under the combined stress of soda saline and winter cold, Longmu No. 801 accumulated more SS in the root collar,
maintained a more stable TWC in the root collar, and maintained stronger activities of antioxidant enzymes, than the
variety Stockpile, which had lower over-winter survival. These root collar physiological characteristics are therefore
indicated by our research to be linked to the variety differences in overwinter survival in saline-alkali conditions.

Key words: during overwintering stage; soda saline-alkali; alfalfa; root collar; physiological characteristics
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Table 1 Source and materials of tested alfalfa

il ok PLEEY FR IR 2% JIESES
Variety Source Cold resistance  Fall dormancy Wintering rate ( %)
Je ¥ 801 Longmu No. 801 WA 40l B2 5 Heilongjiang Acade- — 1.0 96.59+1. 04a
M. ruthenica Sojak X M. sativa ‘Longmu No. 801" my of Agricultural Sciences
B+ T Stockpile M. sativa ‘ Stockpile” b 5UE I Bl RHE R AT IR 7 Bei- 1.4 3.9 83.54+0.99b

jing Baiqingyuan Animal Husbandry Tech-
nology Development Co. , Ltd.
& v bk A SRR A 2O I AR 22 R FVNE SR R R 25 573 3% (P<C0.05) . The format of wintering rate data in the Table is mean= standard

deviation. Different lowercase letters indicate significant difference (P<C0.05). — : i it Fl JC#4 22 BT FE YL The variety has no definite cold resistance.

1.2 X3 st

T B T AR T A RRTHT LE 0 e DX 21 6 8 S, 4R 138, 941 m, U4 46°27 107 AR 28 1247447107 )&
RO Y R Bl 2 KU AR I AR 4. 2 CCL AR TR 143 AL AR I X 3. 8 mes ! AR YR K & 427, 5 mm, AFE 1 78
& 1635 mm, 4F ¥ H BB 4 2726 ho AFHb + 388 95 3T 3R 08 1, )8 3 & A4 A R R # (Chloris virgata) - %
(Leymus chinensis) MG (Puccinellia distans) %5 5 YL Eh 8AE Y , - 852 B2 Eh oAb , BRALPE B3 WL 3% 2.
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Table 2 Soil types and physical and chemical properties of sample area

+- e pH TR CO/ &4 HCO, & Cl & SO & Natfa A 2R i AR
Soil type Conductivity CO,” con-  HCO, con- Cl content SO,” con- Na' content Available nitro- Available phospho-

(mS+-em ') tent(g-kg ') tent(g-kg ') (g-kg ") tent(g-kg ') (gkg ') gen(mg-kg ') rus(mg-kg )

AT £ Soda 8.9 0.22 0.0026 0.81 0.32 0.62 1.63 102.75 12.31

saline-alkali soil

1.3 HaiREra= ®3 REHHRSE
B A P H I R I TR 4 K S T IA Table 3 Sampling period and temperature
B, FUCER IR W40 (2023459 f 26 H —2024 W7 KHAM LI L
Code  Sampling date ~ Maximum tempera- Minimum tempera-

G411 28 H L RBER B S AR 3BT R | B ture (°C) e
20234 6 J1 20 H J H 4 Fl 1955 £ T 14 e 801 795 4~ T o - 0
SETE B R R B L R 391 R0 4B 30 d LU T o0 " ,
56 60 d) ) I ) BORE . SR FHT 5 4 IBURE 3 3 A7 B HLIR T i L s
FE L IBUR 291 B MR 290 F 5 cm T8 B4 (94 30 I 52 % T IF T oo s i,
A K P S R T PR , — 4 T T somonas L o
GLALE KRR 5 — A M AP R R TR R " "
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FHBRAC L HE 2 PR vk D 5 o A AL W B AL i (SOD ) 36 1 2R 1 20 DY g 3200 7 5 i A6 0 i (POD) 6 1 2R FH A 8K

13 12300 5 5 R K R (TWC) SR HTRE BR300 7E
1.5 %itar

K H Excel 2010 #F 3t 47 8085 40 B, I GraphPad Prism 8 A4 VER , SPSS A4 347 7 2243 ¥7 -

2 HRESH

2.1 MABAYERFAALRASKRE(TWC) M L
FERE A WIPY, B5 T F R 4 801 AR 35 TWC &2 5k
RoEAR S T v 1 A2 A 3, 0 3 R AR, T, & T, 164
SR BE /N JTAE T B 300 R 3 B A A, i B T
M e 801 23 B I 301 i 72. 159 1 72. 79 % P& K =
46.08% 1 56.75% , % W& ik 36. 13% 1 22.04% ( &l
D)o 76T, T, T, B, Je i 801 AR #5114 1 2% = T 55 -+
T (P<<0.05) , 78 T, B W 4% & 25 & T % + T (P<<
0.01) ;x5 SR AWM E G Whia T, B 153
2 SR 433 W R AIG L 0 JE 1 T 55 10 B T 41 i 2k K
TP, I HLAE IR S R b 8 0 5 R K 43 ik —
A P R R 20 R ) T T
2.2 MABMANEFERFTEREGSE(SP)M T
TEBRA I 35 -5 T A e 4 801 AR 351 SP & B AE AR
T8 BT O TR AR R R AR A, T, & TR
W SP & B T L AE T I Ik ) 0, &840 1 43
P 18.84% A 12. 22% (K 2) , & i ¥ 3 & T T, 1
W (P<<0.05) . 7E T, W e #4801 AR #5 A SP % &t it
Fw TR+ T(P<0.05), HiAAmt ] 2 5 4 K g 3%
(P=>0.05),iX R, 7882 19 5 4 e N 5 15 0] L
PR AR S0 SP & i LA SR 1 B P IE M, (0 RS i iR B
BN, BB REAE A SR ] 22 AN
2.3 BABMABTERATAEAREE(SS) S EM T
FERR AN B T AR #8001 AR #1 SS & i AEAIR
T 38 R T O R AR T I A, 5 AR BN
SP & 5B Ak R AR, Y AE T i 38 B 08, w0 i
Ay R 242.09% F1133.13% (& 3) . T, i 3 Jg
801 MR #i PN SS & fE M W 35 = T % + T (P<<0.01) ,{H
T A % TARB AN SS SRS, B & T
Jo 4 801(P<C0.05) . 78 T, 2= T, % + T R #i SS
T g A, & T a0 AR KT R 4 801
(P<C0.01) ,iX FRBH , 78 80 2 W1 09 52 4 Jilk 38 XK o
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Fig. 1 The tissue water content in root collar of different
alfalfa varieties during overwintering stage

ANTE] /N R RO (] — i R A [ I 40 22 5 8 2% (P<0.05) o *3RoR i i
1] 2% 5 {25 (P<C0.05) , K i Fif 1] 22 57 4l 2 35 (P<<0.01) . 4 b5
HOT ~Ts 3 78 K [a) BURE iF 07, 4% 5 3 WL % 3. F ) o Different
lowercase letters indicate significant difference among sampling date in
the same variety (P<Z0.05). * indicates significant difference between
two varieties (P<C0.05). ** indicates extremely significant level (P<C
0.01). T,—T; in the abscissa represents the code of sampling date. For

the code, refer to Table 3. The same below.
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Fig. 2 The soluble protein content in root collar of different
alfalfa varieties during overwintering stage

FW : %48 #5 DL 508 30 This parameter is referenced to fresh weight.
T [A) The same below.
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Fig. 3 The soluble sugar content in root collar of different

alfalfa varieties during overwintering stage
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Fig. 4 The content of free proline in root collar of different

alfalfa varieties during overwintering stage
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different alfalfa varieties during overwintering stage

The malondialdehyde content in root collar of
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The superoxide dismutase activity in root collar of

different alfalfa varieties during overwintering stage
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alfalfa varieties during overwintering stage

The peroxidase activity in root collar of different

vt AR 591 2 2 240 2 K SR P, 5 1R 40 RS AT
P05 B TEME T R RN AR A R 5 H
AHAL
3.2 KB EBE A MAE BIRA NS E AT RGYa

i 36 R 20 M P A 8 3 R L R BT L 38 5 AR R Pro  SS L SP S5 3 1 Y W T DL N 40 i V5 B A dE R
iR RN o A I 7 N A 1 G O B b T B2 0 SIS DO I RN S 5 R o T Ry Tl
FERW ARIE A T AR SIN SS . SP  Pro & Ih &, LA S A B HUIEE . 240 SN IR AT ER R S AR IR A A
R H AE S A S N ST A R R FEE S W8 4 SS . SP Pro & BRI K. ARBERE L IEA
R EIET A E T AR SUA SS . SP FI Pro & it 34 52 90t Fifl 1 38 BT (1) 79 S8 4 328 0 7 s ke 3 T AE IR 2
ARIEREAR, X EWE LR E G PN 5 W FR A S 07 IT5 d DLE R  M E HE R B
PUFENE X 542 A1 IR R AE R G A R A R — 3 AR, TR 8OL AR By SS TR B v T
& T, X 3 BB FE M TR A A S AR 00 RE A B TE 210 SS, B8 A A AR TR Liu S BT 5T 45 S 2 L (K TR P
T U IEE R AE SRR T DR R S Y SS E R . WA B AE R R AR S SP S & 22 A/, B 5 SS M Pro i
A G IR/ AT RE B T ER BT A T, B AE AR B SP C KA TERI AL B R, F R 0 (E , R IR B E
Tl 2= /N L R IR R 08 B A 3B R BB 2% B35 (Secale cerale CV. WinterGrazer-70) 45 T A= 33U P (1) BF 5%
R, A T RE Y H M R SP & & B — SR w38 i T m 8 B AL AR TR AR R I AR S A R
H5H-%. Z46WE T, % T RSN L Pro & & & T 44 801, & W Pro & # 1y &K IFAE B 801 5%+ T2
(] 77 75 §U FE 1 25 5 1) SC i X 3, AF [ BF 98 3 Bertrand 55 5 Wanner 55, 8 45 AR TR 38 T AE 9 4K 9 Pro & it
E A LRYENE SNBSS (SN



84 ACTA PRATACULTURAE SINICA(2025) Vol. 34,No. 9

3.3 WRELMESMEE FRA @I B ZAG R

0BT AT AR A AR R A 0 P AR R R 6 A R AR AR N, B R 40 P MDA & s TR
P A VR T O P 3 5, b SOD AT R 1k 480 BR BF  2E 0B AR R AR R HL O, 2B R HLO, 148 POD 1 4k 53
fife 2 1 HLO 1O, DATT 4 5 200 7 P9 305 M S0 AR 1 A L e A g — T AR A 1 AR 4 L 7
BI85 R 3 B IR IR W8 T 8 5 AR BT MDA 7% 5 1 POD . SOD i ¥ T+ & , It F€ % T3 1 & 75 &b FfF MDA &
B HEAK . POD F1 SOD §if P B 5 o Liu 2507 0 2 i 55 407 %% 5 55 58052 4 W30 1 7 40 20 B0 17 4F 5% 110 45 SRt
T2 AW T MDA & & A POD . SOD 3 #4248 fb#a 3 5 KR W 38 i AR R . A58 b, & RARR Eh o8 &2 & W ia
SR E A RSN MDA % 5 F1 POD .SOD i PE Tt i, = A8 fb #a 3 m JE J G, A 50T /5 9 e i 801 AR %5 )y MDA
R AR, SOD W M 35, 3 5 AT AR ZE B — 807 0 AN TR S A 5 bk 4% 5 1 JR 4R 801 AR 8 Y POD
T P A T AN T Ml 300 B 300 96 P A, 9K R AR IS b U BE R A AR 15 A = P FE R AE R POD T
3 B 7 55 A TR M 38 R A AR /N LR S AR IR 3 T R T v A A AR 9 4 R S AL

P4 ZAIRTRLUR B 0 1 2 A0 T, T A 0 A 3 R R A 0 AR T o R AR AL AU K i BB
Jo B N R AP E AR BTG LR T, T DA R BB R T R G IS A R YT TR R AR O R R T S b
PR LS AR R AR R 22 5 . RN E 18 AR 8T MDA & & il POD . SOD [iff 175 4 4% B i 361 1]
i) HE K S22 398 i A, L 37 Wy 3 58 B A AR Ak bR VR Bl AR Y SS (SP  Pro & & Wi = R B AN . R A S
i PR 0 T R S AT P T SR T T T Ak T R R X R AR R TP 36 10— e R S O 3 R B I B 2 A Y ) T A A R
D A2 G 7 X AU T Mol 30 B 55 1) 0 3 7

4 Zig
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