$31E oM LA = O 1 129—138
Vol. 31,No. 9 ACTA PRATACULTURAE SINICA 2022 4F 9 A

DOI:10. 11686/cyxb2021379 http : //cyxb. magtech. com. cn
WRTLAR, SR RE, SRDCHT, S5 ARUCNN T (D6 1 18 AR S0 48 Ak AR S8 ML TE P Y52 . il 2 4fE, 2022, 31(9): 129—138.

CHEN Wei-dong, ZHANG Yu-xia, ZHANG Qing-xin, et al. The effect of last cutting time on the antioxidant system and cold resistance of alfalfa root-
neck. Acta Prataculturae Sinica, 2022, 31(9): 129—138.

REANEHEXNEFERIAMELXEZEZENMESEN R

FEARLKEE " KR NEEERE, TR F"
(1. WS R A A% B S LT 02804152, 957 F1 A LA T s 4 o SLET 028000 3. o < 2 WML B2 5 A% B
AL 1001934, WERIHS TR FH AP 0Bl 2 JER I3 7 PF I 4% 010000)

FEE R ITAS [ A GO 0 i ) %o Bk 23 00 v o 2 55 58 46 A B FE R 5 e S L 5 IR v R aa N B Ik R G AR
I IEF DL R 15 5L B T8 S R, 1 28 AR Bk 2 R A R [ A ORI S g ] b 3L ek 4% i 300 422 BB 4% 2% 1 O
1—10,—15,—20, — 25 F11— 30 “CAR I v Vi W38 A 21, DAAIR TR v 6 (4 °C) A % BRI 8 4% 6 157 75 AR 300019 AR XS B 526
B i (MDA) F & 8 AU B AL i (SOD) i (k¥ i (POD) # i %01k &0 (CAT) 1 M (9 25 4k, 1 FH AH 3T
T RS Logistic 13 J7 B 1 502 B0 BE L O %2 8OV IR B 55 B0 AL R PE R AT AR DG 50 Br o &5 2R3 BT, R XTI 8
H25H . 9H5H . 9H15H.9H25H 10 5H 10 H 15 H .10 A 25 H (11 H 5 H AU I 898 15 2 806 16 FE 43 91
J9—18.03,—17.61,—17.03,—16.59,—15.80,—15.82,—16.83,—16. 34, —17. 12 "C; 2L 16 1 15 AR #9114 2 2ot
T EE 5 — 10 “CARME Y VR W38 2504 T 19 POD ¥ M 5 W 35 7 AH DG (P<<0. 05) , 55 — 20 “CIR IR ¥ ¥R W 3B 2514 F 19 CAT
TR 2 3 UM 56 (P<C0.05) , 5 — 15, —20, — 25 “CAIRIR ¥ FR I 10 £ 11 F (1) SOD ¥ 52 b 25 ol i fib 25 67 4 G,
5 —15,—20,—25,—30 “CLIR A VR0 2040 T A9 MDA £ B 5 3 olob 35 15 A 56 o A TR) 5 0N <81 st i) B4 1 7
HUZEPESR S AR >8 H 25 H>11ASH>95H>10 15H>9 A 150 >10 25 H>10 A 5H>9 1 25 H ;
S O] 1 B ] 38 3o 3 9 AR AR S SOD \POD  CAT 35 ¥ , B[R]V FH 785 Bk 036 4 AL Lok 4 Mk g s 4 Ak &0, A T B 1
S Aot AR B, B R U IE M, I AE BRI VD M IX A 9 A 5 H 22 BT B 11 A 5 H 22 Ja 47 A UM 1

SR A 5 AR UON] B ) 5 B0 9 1 5 e e f ke
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Abstract: This research explored the effect of different last cutting time on the cold resistance of alfalfa (Medicago
sativa) cultivar * Gongnong No. 17 in the Horgin sandy land habitat and the relationship between the last cutting time
and changes in the antioxidant system under low temperature stress. The experiment included last cutting times of

August 25, September 5, September 15, September 25, October 5, October 15, October 25, and November 5.
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The crowns were excavated in early winter and subjected to low temperature freezing stress treatments of —10, —15,
—20, —25, and —30 °C, with low temperature storage (4 ‘C) as the control. Measurements after low temperature
storage included the relative electrical conductivity, malondialdehyde (MDA) content, and superoxide dismutase
(SOD) , peroxidase (POD) and catalase (CAT) activities. The semi-lethal temperature was calculated from the
relative conductivity following a logistic regression equation, and the correlations between the semi-lethal
temperature and the antioxidant properties were analyzed. It was found that the semi-lethal temperature for alfalfa
last mowed on August 25, September 5, September 15, September 25, October 5, October 15, October 25, and
November 5 was, respectively, —18.03, —17.61, —17.03, —16.59, —15.80, —15.82, —16.83, —16. 34,
—17.12 °C; The semi-lethal temperature of alfalfa root neck and the POD and CAT activities under —10 C low-
temperature freezing stress were significantly negatively correlated (P<C0.05) ; The semi-lethal temperature and
SOD activities under —15, —20, and —25 °C low temperature stress were significantly or extremely significantly
negatively correlated. There was also a significant or very significant positive correlation between semi-lethal
temperature and MDA content under low temperature freezing stress of —15, —20, —25, and —30 ‘C. For the
different last cutting times, the cold resistance of alfalfa ranked uncut™ August 25>November 5> September 5>
October 15>September 15>0ctober 25>0ctober 5>September 25. The last cutting time regulates the SOD,
POD, and CAT enzyme activities in the root neck of alfalfa. An appropriate last cutting time results in lowered
active oxygen levels, a reduced degree of membrane lipid peroxidation, and improved cold resistance. Therefore, it
is recommended to carry out the last mowing of alfalfa stands before September 5 or after November 5 in the Horqin
sandy area.
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22.5kg-hm *, & 17#E 15 em, il 58 /N X AL 16 m* (4 m X4 m) , 3R E & , % 30 4~/NX , /NX Z 8] 0. 5 m
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Table 1 The Logistic regression equation and LT, of relative conductivity of alfalfa root—neck under different last cutting time

R 7] Logistic [l )77 72 Pk B
Cutting time (Month-day) Logistic regression equation Significance Semi-lethal temperature (°C)
F A # Uncut y=1/(0.0135240. 11968 T"'¥*) 0.011 —18.03
08-25 y=1/(0.01360+0. 09669 X T"'**) 0.013 —17.61
09-05 y=1/(0.0134040. 08834 X T"'***) 0.013 —17.03
09-15 y=1/(0.01331+0. 09098 X T" *%7) 0.007 —16.59
09-25 y=1/(0.01239-+0. 05809 X T" ") 0.010 —15.80
10-05 y=1/(0.01295+0. 06625 T"'**") 0. 007 —15.82
10-15 y=1/(0.01338-+0. 09164 T" ") 0. 009 —16.83
10-25 y=1/(0.01324-+0. 09564 > T" %) 0.006 —16.34
11-05 y=1/(0.01302+0. 09986 X T" '¥*%*) 0.010 —17.12

T: Ab ¥ Treatment temperature.
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Table 2 Changes of MDA content in alfalfa root—neck at different last cutting times under low temperature treatment (nmol"
-1

g'FW)

RIS 15 1] AbFRIEJE Treatment temperature (°C)

Cutting time (Month-day) 4 —10 —15 —20 —25 —30
KX H| Uncut 0.46+0.02aD 0.5340.03abcD  0.6740.05bcdC  0.90+£0. 0d4cdB 1.00£0. 08eAB 1.05+0.01gA
08-25 0.45+0.01aE 0.46+0. 03bcE 0.62+0.03dD 0.774+0.08dC 1.13+0.03eB 1.5840.05eA
09-05 0.4140.03aD 0.4840.01becD 0.6340.02c¢dC 0.8940. 04cdB 1.350. 05dA 1.42-£0. 04fA
09-15 0.5340. 05aE 0.5440.03abcE  0.79+0. 04bD 0.9540. 04abcC 1.58+0. 04bcB 1.98+0. 08cA
09-25 0.50=40. 03aD 0.6040. 03abD 0.9640. 02aC 1.07=+0. 10aC 1.59+0. 05bB 2.39+0. 10bA
10-05 0.484+0.01aF 0.6240.02aE 0.7640. 03bcD 1.0440.07abC 2.274+0.13aB 2.9040. 10aA
10-15 0.46+0.01aE 0.47+0. 02bcE 0.714+0.03bcdD  0.9040.05cC 1.4440.05dB 1.6740.07eA
10-25 0.44+0.02aE 0.4640.02cE 0.6940.02bedD  0.9540. 07abcC 1.45+0. 05cdB 1.61+0.09eA
11-05 0.50+0. 04aE 0.50%+0.03abcE ~ 0.73%+0.03bcdD  0.92+0. 03bcC 1.4140.04dB 1.844+0. 08dA

V¢ RN AT R FE S I A N0 ] 2 9] 22 52 35 (P<-0. 05) A% 7k 5 5 o A I o A0 380 ) S [ LB 2 5% 7. 3% (P
0.05), T,
Note: Different lowercase letters indicate significant differences among different last cutting time at the same temperature (P<<0.05) , and different

capital letters indicate significant differences among different temperature at the same cutting time (P<C0.05). The same below.

5 —20 CR UL IR AP 22 52 8 35 (P<<0.05) . BR9H 5 HR#EI I ] kb B F —30 5 — 25 “Cab #2257 R 18 3% 4b
(P=>0.05) , Ho At ) s i ] &b ¥ — 2% 249 22 57 1 2 (P<<0. 05) , i i 4t W AE AR L0 1, B A IR B 2 20405 %, HAR
T 0 3 30 B ARG, A AR S 40 AR R K, U MDA 5 AT LSRN B TS 2 AR

fE—155—20 CAFH R ,9 7 25 H AR YN F B ] b BRAR #5119 MDA % & e e, o — 15 CAEB R B & & T
S At X1) 0 Bsf ) kb BE, —20 “CAbER R W TR AE 8 H25H 9H5H 10 H 15 H (11 H 5 H XJ#| (P<<0.05) ;
FE—255 —30 ‘CR R M 0 AL 3R, 10 5 5 H A UOX #1 B[] kb BRAR 35 /) MDA 55tk iy, B35 0 25 0 - 1 Aih X1 31 b
6] (P<C0. 05) , A X)) kb B 75 AR 350 19 MDA 5 35 1K, BR 8 H 25 H A YO ) i ] Ab 1 4 357 Jib 2 0% - 3 At A s st
(] 42b H (P<C0. 05) 5 Hy b B, AN [a] X1 0 B[] &b BT 49 8 7 L5000 MDA & B 7R AR IR P38 T AF7E R 25 5,9 1 25
H510H 5 B XE b BE MDA &840, R A% 8 H 250 9H5H 10 H 15 H (11 A 5 H X E 4 g MDA & &
BAK . Mk —B U8, 9 1 25 H 5 10 4 5 H XI#I 0 & f5 Hr s v 4 85 , 5 HAEICIR B0 F MDA &2 H X,
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RZARNE 8H25H 9H5H 10 A 15 H 11 H 5 H X # &b B bt 78 v o 5 HAECE M 8 T~ MDA & 285K /0 %
YIS DR, B 7 MR A0 A9 MDA & 4 A Sz i Hg 2E v 55
2.3 RFE KA E B A H E AR E R R KR A T SOD & E AL

Bl 7 I R R BTG L A AR B SOD 3 4 52 32 7 T = i A Ak G 3 (3R 3) L #E — 30 AR I A R SOD 3 4 5 ik
H45 —20 CR L bR AL 3R 22 55 W 2% (P<<0.05) , 59 H 25 H .10 H 25 H .11 A 5 H X4 3 — 30 5 — 25 “Cfik
TEL W 30 A B 22 SR B 25 AN (P=>0. 05) , HoAt X0 30 s a] kb B 3 2425 5 B 25 (P<<0. 05) , b e A 7R MR M F L,
T AR B2 3405 F AT 72 A 8 A0 90 8 F AR 0 34 3 SOD I M T I 8 0B B -, 4k 430 Mk Al , HLYE — 30 °C
R V2 VR 2 A B R AT HL A BB 0 R AR L R DR BT SOD & i 15 SRR IR A VR aa i P R AL i —

£3 ARKRXNEMEEFERFERBLET SODFHEH T
Table 3 Changes of superoxide dismutase activity in alfalfa root-neck with different last cutting time under low temperature

treatment (U g FW)

R B[] Ab # I
Cutting time Treatment temperature (°C)
(Month-day) 4 —10 —15 —20 —25 —30
FA#E Uncut  109. 874 1. 90aF 126.69+6.06aE  162. 05+ 2. 36aD 194.7244.88abC  235.08+7.61aB 261.62+11. 13abA
08-25 110. 20+4. 78aF 127.634+3.43aE  153.35+7. 23abD 205.06+4. 37aC 229.83+10. 31aB 249.36+8.47bcA
09-05 108.0944. 16aD 118.1445.88aD  148.32+3. 17abcC 192.8342.78abB  205.23411. 04bB 236.28+10. 58cA
09-15 116. 384 10. 24aE 123.464+7.98aE  143.08=44.96bcD 182.61+1.89bC 204.92+3.91bB 238.92+10. 94cA
09-25 106. 334-2. 33aD 126.144+5.68aC  131.50=43. 36cC 160. 17+3.49¢B 202.45+6.09bA 204.48+10. 44dA
10-05 104.39+2. 65aE 113.6245.96aE  143.53+6. 16bcD 181.9244.21bC  209.20+8.57bB 273.26=£7.04aA
10-15 103.37+7. 42aE 119.10+5. 18aE  148.63=+4. 15abcD 186. 65+2. 40bC 229.71+£8.09aB 257.07=+12. 29abA
10-25 109. 68+2. 08aD 112.214+5.66aD  146. 004 3. 09abcC 191.8544.13abB  207.41410.53bAB 211.57+10. 31dA
11-05 115. 564+ 3. 70aD 114.1941.20aD  134.83+5.97cC 191.4943.60abB  227.2949. 80aA 239.51+£8.77cA

FE—30~—15 CLEMra T ,9 A 25 H AR YN #) A FEE 75 MR 5110 SOD W& M5 55 , 76 — 15 CARIR B ia kb B2 R
WAL T ARXIE 8 A 25 H A HI A, — 20 “CAEFR T 5 251K T HAth X1 H 4 ¥ (P<<0. 05) , — 25 “CLb 17T I i 241K
FRAE 8 H 25 H 10 H 15 H (11 A 5 H A # 4 B (P<C0. 05) , —30 “CALHLF & 3% % 10 H 25 H A # 41 1 H
s 4b B (P<<0. 05) , ph 358 BT, AS [ X0) 1 isf 1) 7 768 AR 351149 SOD 3% 4 76 A IR 38 FAE7EWT 25 5,9 A 25 H N % &b
FEAR X585 , AR NE 8 A 25 H (10 A 15 H (11 A 5 H X FI WA X458 o fy db it — 25 58,9 7 25 H W1 8 75 bt
FEVER S, 5 IAEARE M A T SOD 36 AL 8547 ¢, R Z AR AFEI LB 8 A 25 H (107 15 H (11 A 5 H X %1 &b B 47 9
P R 5 AR AR IR M 0 T SOD 76 P #2328 VI A %

2.4 KRB RKX]E B E 69 H AR E R RARR LT POD &R LA

B R A RIS, S AR B POD 16 P 2 S T 5 BRI i A fb #a #5 (3R 4) , 76 — 25 “C'F POD I M e o, Horp
KXE 9OHS5H 9H25H 10H 5H 10 H 25 H .11 A 5 H X 4b B34 5 HABALE 25 5 8 3% (P<<0. 05) , Hh ik B
FEARIR A TS, H S AR B2 205 3 2 7 A2 o Ee W) A R 0 3 5 POD TR Pk T BRI S AW, ZE R 36 PR 4807 4, B
16— 25 CHREHRR 5 BRAE J1 feoit , 76 — 30 “CALHL R, POD 1% Py 55 , 158 BH 17 7 AR #5038 B oo S04k 4 0 BE ek 55 , v it
Ui B POD 752 7 HEAE I T v 8 M 38 1) Bt S8 A il 2 —

E—30F—15 CAH T, 10 A 5 H A &b B 45 R H A POD G M e 55, 78 — 15 CA B T R E(IL T8 A 25
H.9H5H.9H 15H .10 A 25 H X]# (P<<0.05) ,{B7E — 20 f1 — 25 ‘CAL B F 5 HoAth kb B 2% 3 R B % (P=>0.05),
HE—30CHMTREMRTSH2H.9H5H .9H15H .9H 25 HXIE LB (P<<0.05) ., I, 75 A [F) 0] %1 if
[i] Ak B B A& AR 310 POD & P 7E — 15 F1— 30 “CAR IR Wh il N AF A6 W e 25 5% (B AE — 20 F1— 25 “Cla] 22 R B i,
UL POD TE P 7E — 20 °C K LA Tt B2 4 31 X5 A0 361 Esf 18] 174 w1y A B 48
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R4 ARKRXNIHEEFERAEMBLET PODEENTH
Table 4 Changes of peroxidase activity in alfalfa root-neck with different last cutting time under low temperature treatment (U*
min” g FW)

R s ] Ak PR
Cutting time Treatment temperature (°C)
(Month-day) 4 ~10 ~15 —20 —25 —30

FKAIE Uncut  516. 70£29. 41aD 654.90£37. 23aC 637.60£20.65bcC  746.30423. 49abB 827.60£24.51aA 692.40+25. 78hcBC

08-25 494.00£19.08abD  525.80+£11.22cdD  727.70£17.32aB  655.70£11. 39dC 836.60£20. 24aA  795.00£41. 52aAB
09-05 414.45+46.80cD 601.00£32.82abC  737.50+20.46aB  729.60+13.23abedB  853.70415. 38aA  753. 60 35. 54abB
09-15 417.00£24.72¢D 501.80£24.25¢dC  668.40E£16.27abB  766. 00 15. 91aA 795.30£28.57aA  775.80x30. 67aA
09-25 406. 75+40. 49¢D 466. 00+ 30. 80dD 648.70£22.27bcC  762.00+21. 65abB 847.10£29.98aA 742.80+9. 20abB
10-05 463.20£17. 55abcE  521.50435. 37cdDE  581. 70£53.95¢CD  732.20+18. 85abeB  803.40+£18.18aA  636. 504 16. 52¢C
10-15 410.00£42. 94cE 531.00£15.88bedD  623.20£19. 84bcC  755. 02+ 34. 90abAB  806.90+25. 36aA  697. 604 14. 66bcB
10-25 423.55441.72bcD  545.30416. 59bcC  663.60£21.61abB  671.00+81. 99cdB 833.90£3.97aA  656.90+12. 16cB
11-05 501.40+£27.92aC 637.50=£15. 79aB 647.00£26.86bcB  691.20£57. 0lbedB  803.80%=32. 30aA  684. 70423. 07bcB

2.5 ARERRXE A H EARBAERFEKRR LR T CAT Eke £l

B % il B Y R, A AR Y CAT 6 Pk 52 e T i e BRI i AR Ak e #4 (3R 5) , 76 — 20 'C'F CAT i PEd i, H
359 5 L A g A 3 2 S 2 (P<20. 05) , U b B 7 IR ka6 1, A AR 232 0 43 7 R HLO, i 1 3 R CAT 1%
PE I BR HLO, , 48736 5 A7 A7, BAE — 20 CIRIR 8 T 15 BREE J1 o, 78 — 20 "CLAR , CAT iG MR85 , vl W
7 BRS04 ok HLO, A RE F7 08055 , i L6 I C AT R 2 1 7 IR AR I R v VR T 38 1 B S AL il 2 —

x5 ARKRXNEMEEEFRFAERBAET CATEENETL
Table 5 Changes of catalase activity in alfalfa root—-neck with different last cutting time under low temperature treatment (U"
min""g” FW)

R A ] Jib TR

Cutting time Treatment temperature (°C)

(Month-day) 4 ~10 ~15 —20 —25 —30
AAE Uncut  60. 94+4. 20aD 72.96+1.99aC 83.17+6. 54aB 116. 504 2. 76aA 65. 074 3. 55beD 67.184+2.07bcCD
08-25 57.47+1.71aD 70.12+1. 24abC 77.33%+10.96abBC 122. 55+ 3. 60aA 71.59+2. 72abBC 78.19+3. 28aB
09-05 54.1442. 17aE 61.6544.29¢DE 79.7442. 11abB 118. 0045. 42aA 68.7442. 10abCD 74.23+1.94abBC
09-15 56.89+2. 68aD 68.97+4.48abecBC  73.83+2. 38beB 98.67+3. 74deA 56.63+1.81deD 61.54+3.88cdCD
09-25 58.88+3. 22aD 68.3341. 97abcC 77.25+1.79abB 98.67+0. 82deA 75.4741.78aBC 58.1942.13dD
10-05 57.584+2.82aCD  61.1742.57c¢BC 67.96+=2.77cB 96.55+2. 09eA 53.33%3.05eD 65.02%2. 05cdBC
10-15 58.00+2. 00aD 71.9941. 77abC 80.41+3. 37abB 107. 5543. 90bcA 55.724+1.60deD 79.474+2.19aBC
10-25 53.3342.62aD 72.63+1.37abBC 77.7941.92abB 114.7242. 96abA 57.0044. 74cdeD 68.5741. 18hcC
11-05 52.92+1.67aD 64.55+1.48bcC 73.68+1.49bcB 106. 26 +2. 36cdA 63. 52+ 1. 66bcdD 46.35+2. 44eD

TE—25~—10 CALIR W ZRAL BT , 10 A 5 H AW BB (6] 4b PR & 78 R A CAT WG M 55, 76 — 10 CAb# T
BFARTARXE 8 H 25 H (10 4 15 H (10 H 25 H A # 4k B (P<C0. 05) , — 15 “CAb B & 2 A% T R X H .8 A 25
H.9HS5H .9H25H .10 H 15 H .10 A 25 H X & &b # (P<C0. 05) , — 20 ‘CAb BB E K FAR X% 8 H 25 H (9 H 5
H .10 H 15 H .10 A 25 H X # &b 3 (P<C0. 05) , — 25 ‘CAL ¥R W F (K TR A# 8 H25H 9A5H 9H 25H (11
J 5 HRHEN AL H#E(P<C0. 05) fHE 5 9 7 15 H XIHI AL 2% S A 3% (P=>0.05) o H B BT, AN ] A1) 1 1) ] &k 2R Y
EAEWRBR CAT WA MR A F AW 225 ,9 A 15 H M 10 A 5 B XE AR x5, RXE 8 A 25 H . 9H 5
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H .10 H 15 H .10 A 25 H AHI W AR X #50  fhob ik —2B 01,9 A 15 H RN 10 A 5 H X #0178 b se vk de gy, 5 1
FEARIR A T CAT WG MER S A &, IR Z R AE AL B 8 A 25 H (9 H 5 H X1 | kb B 47 € P 4550 5 H AR IR a8 R
CAT T MR % VI AH G
2.6 HiEMHOFHALBELSLRAMZ LG4 LR

H1 3 6 7] A1, AN R AR IR B 38 T S84 B AR AR BT LT, 3 5 MDA & & 2 IEAR S, HAE— 15 CR LU R R & B3
o b B2 A G, ST A L BT R 2 R DG (B — 20 “CHY POD 36 o ) 5 S8 46 1 75 MR S0 A0 2 BB IR E 5 — 10 CIR IR
ZAF T/ POD 1 #5218 3 540 56 (P<<0.05) , 5 —20 “CF ) CAT I P 5t & 3% 7 A 56 (P<<0.05) , 5 —15,—20
F1—25 ‘CEAM T SOD T 1 5 b 2 5l b b 25 A G .

F6 ARRXNEFNEDEERIANELEREESERTELRENEXE

Table 6 Correlation between the semi-lethal temperature of alfalfa root—neck and its antioxidant system in different last cutting

times
EELD AbFRIE E Treatment temperature (°C)
Index 4 —10 —15 —20 —25 —30
N —i¥ Malondialdehyde (MDA) 0.33 0.58 0.71%* 0. 83** 0. 84#* 0. 85%*
i E ALY i Peroxidase (POD) —0. 65% —0.71* —0.42 0.27 —0.10 —0.30
it S L & Catalase (CAT) —0.16 —0.34 —0.61 —0.75% —0.25 —0.25
4 L W 5 AL B Superoxide dismutase (SOD) —0.34 —0.41 —0.73% —0. 77 —0. 78%* —0.37

TE  *# R G E K KV (P<C0. 05) , 7R A R HE IR 12 2 /K- (P<<0. 01) o
Note: * indicates that the correlation reaches a significant level (P<C0.05), ** indicates that the correlation reaches an extremely significant level (P<<

0.01).

3 HwEER

I F AU Ak B 1 A8 0 S M (0 BT 5% 2 2R FH F D) 19 9K 8 T i 260 Ak B ) Oy 3 3 g T 2R A (1 4% %
7 0 7 DU FE M (R 55, BT Ak 2R GE 46 b 3 e B A SR T] 1 4R o T A B s BRI A | X Rk B 2 A R B Y
] , A& 2 BURE RIE o 30 475, A UON] 1) Ab 3T 7 e M 9 0 5 O s SR ) ) R X A VL i 6 A N T B U
A B 5 ) 2 BB U B A A A BT R 55 3K R v AR A A AR S S R 85 DR 3R A B i, EBORE T
PUFE L FRAG A (87 207 68 FL SN o SRy ot , A a0 3 o0 K % 35 S5 46 B A8 AR L SR TN TR T ok 36 1 O v
ARAT 2 FOHE R 0 5 AN [ A URON) 1 B[] b 39058 06 7 B JE Mk 1) 22 57 o 5 SRR WY S T) A ORI S B i) Ak 3 14 45 4K
BAEPIEE RIS N RN B >8 H 25 H>11ASH>9HA5H>10A 15H>9A 15H>10H 25 H >10H 5 H>9
H25H Wik AERMRIC DO A S HZ AT S 11 A 5 H Z 5 #EA7 RN E g A X 22,9 A 5 —9H 25 H 5 10
H5H—11H 5 HI#EAT RGN FE AR EK 1,9 A 25 H —10 A 5 H 347 A YN E A 16 K 19 .

HE 4 32 BRI W 30 B, 25 5 B0AN M P9 05 M G T R A A RS R e A A7 B R AR S 7 A MDA
I 22 /0 T I e A0 I P e AR T R R O B W T B A R I R . A R R M T B AR R
LA T 38 2o 22 R g AR A U S T HLO, SRR R A R B B TR HLO, AT 2B RO AR M R Y
H 5 (OH ), B REFE 1L 107 2 S A5 35 10 30 S840 45 /4 W IR e 3R, 75 W MDA 1) R S ARG o, S840 B 7
MR MDA 7 5t B 5 W B2 00 B AR 3G, 5 5 ARl e 450 R A MRS A5 R — 3%, HAE —15.—20.—25
5 —30 CAHE R, AL AR 3AE 9 H 25 H 5L 10 H 5 H AR FI I MDA & 5 35 = , 28 W I A 58 46 1 7 A 35 40 i
R I 0 7 T, 32 0 A P A R, BRI I st K B Ak T A 0

WA R A Y 23 ) 3h— FR 80 A B R SR R M SR R BRI S o SRR aa A RS R L, SOD
POD \CAT %5t % £k il 76 4 4 A (IR B A B 00 T e 5 B MM . 22 HF M W5 R0, BEAKIR
Wk 38 5 22 15 (8] B9 B K, /NZE (Triticum aestivum ) SOD . POD #1 CAT 16 246 F G TR A H . A5
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FW B R R B S AE B S RS POD (CAT T P 52 56 T 3 5 B AR A 28 Ak ks 34, 1mi SOD 1 4 52— 38 i i1y
A U BTG IR 30 ATk A E RS AR SR POD \CAT . SOD i ¥, SOD i P (1 — B T+l RE 2 i T HAE IR %
B RRE BT ER X 577 & F 5 AT S5 R — B 8 B R S0 BT R E S PR A R SR A
FrW], 7645 —10 CAF N, 646 B f5 AR BN POD W M 55 o B0 B 52 838 FUAH ¢, 78 — 20 "CA B R, 504k
H ARSI CAT G M 5 H P3O0 2 W2 M OG5 — 15, —20 5 — 25 CAL B R, 5848 B 18 AR 3 SOD ¥ 7
5 BB B S 2 mO 3 B0ORH G, PRI AR OR i [v) e g 9 45 AE AR BT SOD POD (CAT ¥ 4 , B W] /E
FHE B0 M A o S AR o AT AL AR A o AR Fh R B, DA 4R v LB JE
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