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Abstract: [Objective)] This study explored the cold resistance of alfalfa at different dates of last mow-
ing in Horgin sandy land and its relationship with changes in sugar contents under low temperature stress

to provide basis and guidance for resisting cold and overwintering of alfalfa in Horgin sandy land. [Method])
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The last cutting dates of Gongnong No. 1 alfalfa were assigned from Aug. 25 to Nov. 5,2020 with an inter-
val of 10 d using unharvested as the control. On Nov. 15 before the early freezing period,root necks of alfal-
fa with different treatments were excavated and treated at —10,—15,—20, —25,and —30 C,using 4 C
as the control. The relative conductivity and contents of soluble sugar, sucrose, fructose and starch were
measured and the half-lethal temperature was calculated using relative electrical conductivity according to
the logistic regression equation. The correlations between half-lethal temperature and sugar contents were
also analyzed. [Result] The lethal temperatures of alfalfa in treatments of control, Aug. 25, Sept. 5, Sept.
15, Sept. 25, Oct. 5, Oct. 15, Oct. 25 and Nov. 5 were — 18. 03, —17. 61, —17. 03, — 16. 59, — 15. 80,
—15.82,—16.83,—16.34 and —17. 12 °C ,respectively. The cold resistance was in the decreasing order of
control>>Aug. 25>Nov. 5>Sept. 5 >0Oct. 15 >Sept. 15 >0Oct. 25>0Oct. 5> Sept. 25. With the decrease
of treatment temperature,the content of soluble sugar in root necks of alfalfa increased first and then de-
creased,the change of sucrose content varies with cutting time, the content of fructose showed a bimodal
trend of increase—decrease—increase, while the content of scratch showed a decreasing trend. The half-le-
thal temperature of alfalfa root necks had significantly negative correlation with soluble sugar content at
—10,—20 and —30 ‘C (P<C0.01) and significant correlation with it at —15 and —20 °C. It also had signif-
icantly (P<C0. 05) or extremely significantly (P<C0. 01) negative correlation with sucrose content, ex-
tremely significantly negative correlations with fructose content at —15 ‘C (P<C0.01),and extremely sig-
nificantly positive correlations with starch content at —15 and —20 °C. [Conclusion) The last mowing date
can regulate the conversion of starch and soluble sugar in root necks of alfalfa and maintain the osmotic
pressure of cells through synergistic effects of soluble sugars,so as to improve the cold resistance of alfal-
fa.
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Table 1

The logistic regression equations of relative conductivity of alfalfa root necks and

the LT;, values in different treatments

AU E ] CH-FD logistic o) J5 2 B AP FSEHE (L T50) /°C
Last mowing date (Month-Day) logistic equation Sig. Half lethal temperature
FRXE Uncut y=1/(0.013 52+0. 119 68X T 13231) 0.011 —18.03
8 H 25 H August 25th y=1/(0.013 60+0.096 69X T 12580) 0.013 —17.61
9 H 5 H September 5th y=1/(0.013 40+0. 088 34 X T 12522) 0.013 —17.03
9 H 15 H September 15th y=1/(0.013 31+0.090 98X T 13087) 0.007 —16.59
9 A 25 H September 25th y=1/(0.012 39+0.058 09X T 11903) 0.010 —15. 80
10 A 5 H October 5th y=1/(0.012 95+0. 066 25X T 12157) 0.007 —15.82
10 A 15 H October 15th y=1/(0.013 38+0.091 64X T 12887) 0.009 —16.83
10 H 25 H October 25th y=1/(0.013 24+0. 095 64 X T 13382) 0. 006 —16. 34
11 A 5 H November 5th y=1/(0.013 02+0.099 86X T 13232) 0.010 —17.12
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Table 2 Change of soluble sugar content in root necks of alfalfa on different last cutting dates

under low temperature treatments mg/g
YO ) ] RIR AL /°C Low temperature treatment
Last mowing date 1(CK) —10 15 20 5 30

KA E Uncut 109.38+5.56 aE  147.10+£11. 84 aD
8H25H
August 25th
9HS5H
September 5th
9H 15 H
September 15th
9H 25 H
September 25th
10HAS5H
October 5th
107415 H
October 15th
107425 H
October 25th
11ASH

November 5th

117.02 £

N

98.63+2.82 aD

94.63£5.10 aD

99.47£6.21 aD  144.50£8.89 aC

170.63£8. 49 aBC

95.93+7.18 aD  112.63£8.97 ¢CD 142.90£8. 21 beB 19

114.75+£4,55 aD 115.33£3.24 beD 153.33+12.76 abeBC 205.8746.50 dA 160.

118.03£3. 33 beC 159.13£6. 16 abB 264.50

159.10£8. 68 abC 289.17420.72 bA

316.37422.29 aA  175.83214.99 abB 151, 37£5. 66 abCD

o

112.62£5.31 aD  137.50£5.27 abC 155.97£9.02 abcBC  276.87£14.77 beA  168.17+£3.59 abeB  160. 63%8. 64 aB

.98 aD  129.57£5.58 abecCD 158.47413.38 abB  267.97£8.73 bcA  156.20£9.25 bedB  149.27210. 43 abBC

106.18+£4.52 aC  117.90£3.78 beBC  131.47414. 98 ¢B 260.47410.59 cA  138.87210.93 dB 137.40£8.21 abB

.6316.87 dA 150.83£2.67 cdB 133.70£5. 24 bBC

o

00%15. 36 abedB 134.50%7.50 bCD

118.57£9.58 beCD 150, 0345.00 abeB  266.57+£17.90 beA  144.50+7.17 ¢dB 140.17£6.78 abBC

+15.08 cA 141.90£7.22 dB 141.87£6.59 abB

183.20£7.18 aB 148.70£5.56 abC
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] i) &b B R AN [ ) 2% 5k i % (P<<0. 05) . Rl

Note: Different lowercase letters indicate significant difference among treatments at same temperatures (P<C0. 05) ,and different capital let-

ters indicate significant difference among temperatures (P<Z0. 05). The same below.
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Table 3 Changes of sucrose content in alfalfa root necks on different last cutting dates under

low temperature treatments mg/g
AR ) s ] KR AL /°C Low temperature treatment
Last mowing date 4(CK) —-10 —15 —20 —25 —30
FA#) Uncut 66.7941,17 beD 75.3943. 24 cdC 86.6845.20 aB 96.20+4. 48 aA 102.20+4.79 abA 89.2341.04 abB
9:
§ 7125 D, 64.1042.75 cC 98.57+3.75 aA 85.90+1.68 abB 89.8940.83 abB 97.9343.78 abcA 91.02+1.36 aB
August 25th
[¢
Jﬂ 5 H 76.6243.06 aD 95.16+1.47 aA 78.4940. 70 ¢dCD 86.87+1.14 beB 95,7844, 13 beA 83.33+1.47 beBC
September 5th
IA LR _ 77.5144, 24 aBC 72.76+2.28 dC 85.7040. 68 abA 80.7741.20 ¢dAB 86,0542, 45 dA 75.91+1.73 dBC
September 15th
9H 2 H - 76.02+3.73 aB 64,2843, 14 eC 76. 4614, 44 dB 77.23+1.04 dB 86.484+2.19 dA 74.48+1.71 dB
September 25th
z;ltj;]bzrijth 74.30+1.93 aB 80.5242.29 bcAB 67.24+1.21 eC 80.1243.10 c¢dAB 86.0042.06 dA 79.424+3. 46 cdB
100/ 15 H - . - - < . - - . <
74.05%1.32 aD 85.66+2.05 bB 79.2242.49 bedCD  83.1241.51 bedBC ~ 94.2143.61 cA 77.09£2. 44 ¢dCD
October 15th
10H25H ) 0 e o - ) . ) ) )
63.4043.53 cC 100.2243.37 aA 85.2743.18 abcB 67.88E1.42 eC 102.63+10. 83 abA 89.5341.09 abB
October 25th
11A5H

- 72.1941.27 abD 70,3044, 20 deD 83.72+1.67 abcC 88.42+2.19 bBC 103.38+4.38 aA 94,74+1.81 aB
November 5th
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Table 4 Changes of fructose content in alfalfa root necks on different last cutting dates

under low temperature treatments ;Lg/g
AR i ] {RIEALHE/°C Low temperature treatment

Last mowing date 4(CK) —10 —15 —20 —25 =30
A% Uncut 59.1743.00 abcD 74.05+1. 80 abC 93.2242.89 aA 70.8443.14 aC 70.55+1.19 aC 83.1243.10 aB

9z
ifg;jt E5th 57.45£1.47 abedD  69.0240. 93 beC 92.69+£6.37 aA 68.35+1.09 aC 65.82£1.67 abC 76.51+£2.27 abB

-
Ze)jt:m‘aer 5th 55. 7642, 68 bedD 68.34+1. 86 heBC 89.13+4.01 abA 65.0940.97 abC 54.8941.04 ¢D 73.7442.54 bB
Zc)jtjribi‘r 15th 64.5243.83 aCD 63.98+1.24 cCD 81.02+0.76 cA 66.54+1.72 aBC 58.41+2.06 beD 71.774+2.68 bB
ch}:)ltczrib'ir 95 h 51.4145.26 dB 70.4240.91 abcA 76.7144.87 cA 57.49+4.36 bB 58.19+2.12 beB 73.3617.63 bA
%)Oct)[:)]b:rl:;th 52.9842.62 cdD 74,42+2.50 abB 82.74+1.60 bcA 65.53+5.73 aC 60.75+0. 46 beC 76.7743.27 abAB
104 15 H 4 + ) 2614, ¢ 5+ > 3+ 7.56+
October 15th 60,5924, 62 abecD 72.1741.59 abBC 81.261+4.37 cA 68.6514.06 aC 61.5320.72 beD 77.5611.69 abAB
10425 H - 4a < 4 i 5194 794 La
October 25th 51.03%3.32 dC 70.8843.39 abcB 89.40+£1. 10 abA 65.18+2.06 abB 65.7341.66 abB 82.96+3. 38 aA
HASH 63.3543.39 abD 77.8740.98 aB 93.2744.52 aA 72.81+1.96 aBC 70.22+1.19 aCD 79.4041. 39 abB

November 5th
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SRBEMTRMEIMS H 25 H.9 A5 H.10 A HoAl AR FE (P<C0. 05) o 15 B AN [] A W X1 1) s (1] Ak 24
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i AR 300 SR B S A X B . B ki — 20 1L 9
A 25 HRAENE 18 B HT IR SS . 5 HAE AR Y VR i
R RBE S BN OG5 S 2 B FE MR B 1 A X
GhERFN 8 A 25 H .11 A 5 H AR A E 4b B 5 H A1
IR 2 VR P30 T SRR B B MR OG
2.5 FAEARKXXEHNEDEERFAEMELETH

EHMEE

1 5 AT A B A A 3R R ARG L A AR Y
TER O B W P A — 30 TR R &
IR B AL, B 5 A IR R A 3R 25 S OK L U AE AR
WA TR A AR S0 A U R ) 8 B Ak DT
PRAr 2 M R e Pk

M2 5 Al 41, 75— 15 Fl—20 CF . AN & 4b
PUE AR B VEH & me i, b fE — 15 TR LR
R b 3T A AR 0 E A R IR T Al Ak 3
(B 8 H 25 B X|#EI AL H#L A (P<0. 05), —20 CF,
AR ) 4b B AE AR S VE Ry E R REMRT 9 A 25
H X 4b 3] (P<0. 05) o & BTN [A] A Y X 51 s (1] 4k
PR AR A U R 1 AR IR VR R E T A AR
W55 .9 H 25 B X E Ak BE AR 2 E A AL AR
X AE 8 H 25 H A Ak B E FE AR 20
Wy B AL AR R B . #E— 20T, 9 25 H RN
HE A BB 5 AR v VR IE 38 T TE Ry
e b 1T PR Y BE D B A O IR Z BT FE PR
AN FILbFE 8 H 25 H X H#) b 2, 5 HAGER % %
38T T A e A S T M £ RE ) SR B DD AH OG .

5 ARKEXNINHEHEERAEMELETHERSE
Table 5 Changes of starch content in alfalfa root necks on different last cutting dates
under low temperature treatments mg/g
O] ) 1 i) RIE AL /°C Low temperature treatment
Last mowing date 1(CK) —10 —15 —20 —25 =30
F N Uncut 89.25+3.34 aA 76.23£7.64 cB 51.24+3.85 dC 40.81+4.13 bCD 36.76+3.29 aD 12.19+1. 85 aE
§ 125 E_ 89.28+4.25 aA 83.4647.20 abcA 56.33+5.91 cdB 45,654, 89 abBC 40,1344, 18 aC 15.19+2.07 aD
August 25th
-

9IRS 100,074, 22 aA 86.8546.47 abcB 76.89£5.42 abB 45.2140.95 abC 39.12+6.23 aC 18.87+2.29 aD
September 5th
9T A - 94,12+2.43 aA 89.07+5.69 abAB 80.30+4.22 aB 49,2441.76 abC 40.59%1.92 aC 19.01+1.77 aD
September 15th
C DI
IR H - 94,80+5.95 aA 83.08=£7.50 abeB 76.3746.30 abB 55.93+3.28 aC 40.45%3.51 aD 17.19£1.79 aE
September 25th
10715 [1 90.8445.02 aA 85.57£7.52 abcAB  77.47+4.36 abB 46,7944, 14 abC 37.75%5.76 aC 16.30+1.40 aD
October 5th
10H 15 H - - <

89.454+7.46 aA 93.5744.62 aA 67.114+2.30 beB 50.9143.30 abC 38,4044, 24 aD 18.96+1.93 aE
October 15th
10425 H - < -

89.1045.69 aA 83.57410.01 abcAB 73,0244, 74 abB 50,3945, 78 abC 38.4847.57 aD 17.0340. 85 aE
October 25th
11AS5H

59+ F
November 5th 90.53:£2.50 aA

77.97£4.91 beB 67.44£5.48 beB 44.92£1. 14 abC

40.36+3. 64 aC

14.9642.05 aD

2.6 HERINIBRAEBEESHBELEYRESEN

FRE A R R AOHOC (B 4 CRBERE S A s I E TS

Sk
H 2 6 A, 76 A FIGIR A VR E T, S E A
HRE I 2 34 B8 3 1 5 U By & ik 2 OE A OG, B AE
—15,—20 CF 2% B IEAC; 50T M0 s A

B LT 5 —10,—20,—30 C T [y n] 5 PE0E & it
B U G (P<<0.01) 3 5 — 15, —20 °C K By B
B Fr it 2 2 (P<T0. 05) sl i 3 (P<<0. 0D A AH G,
5 —15 "C NI A00E & i S 0 2 7R 56 (P<<0. 01),

x6 HERINIBRAEBEESEREXVRSENAXE

Table 6 Correlation between semi-lethal temperature of alfalfa root necks and carbohydrate contents
B ¥ 4b 3 /°C Low temperature treatment
Sugar content 4(CK) —10 —15 —20 —25 —30
T YERE Soluble sugar —0.32 —0.89" " —0.58 —0.92*~ —0.58 —0.87"*
HEBE Sucrose 0. 45 —0.19 —0.69" —0.82** —0.59 —0.63
SBl Fructose —0.52 —0.10 —0.78** —0.73 —0.56 —0.39
VEHS Starch 0.22 0. 39 0.84" " 0.77* " 0.21 0.55

e FRH PR IR B KT (P<C0.05) , » * R M Mk 2 K P (P<<0.01),

Note: * indicates significant correlation (P<C0.05) and * * indicates extremely significant correlation (P<Z0.01).
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