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[ ZE1 [EMY WERRID U Hh 58 A6 8 78 T FE 1 % 88 AT 5t FH Fh 28 F0 R &2t 189 o 157, Sl BRI 10 b 1 7 BT 98 B &
PSR ARG T DY DUCAR 157 R E 15 MR R A PR 28 (il AE b 28 0t FIE 42D B AL IX. 4 38 46
BEIF, TAKZHE A 0,100,200,300,400 kg/hm?® (L P, O ) T it W 2 55 F B R — % » o 45 76 1 78 B & BORE L TR SBLAR
W TRAAE(—20 °COL LI IR (4 °C) Jg X BR, A 57 22 76 & 18 AR S0 7 8 (MDA & & L bt S0 Ak i GIE S 16 Wy 15 Ak g
(SOD) it & AL ¥ i (POD) | it S Ak 20l (CAT)) 16 M A0 AT 5 M 26 11 (SP) & ik 1 A8 4k 6 1 34 98 B 19 AH 56 1 30 A7 4
Mro LG5 7R v BRI IR V8 VR A5 10 1 L Bt 2 b o L it P 28 A0 388, S8 46 T 78 R 350 MDA & | 52 2 B8 5 TH O
L TE 300 kg/hm? (P, O;) &b 31 T A% s 46 B 5 AR i SOD.POD,CAT I 1t #1 SP 2 17 | 2 56 TH 5 B 1 #a 3, 76 300
kg/hm® (P, Os) AbHLF 3 Al G P A SP & & 1k B v . 78 it A B2 4 W) BsF 457 P Ml I — 0 A1 L e P o 0o 0 R 45 1) 4%
WE TR B MDA & 1AL, SOD.PODCAT iFPE Al SP & H R 2 0 . SRR V2 58 &% 1A LE A8 1R AT ek Ak 3 75 41K T
B UR AT AL E 15 MDA SP % =3 1, SOD . POD,CAT I 8 38 , Hovh 766 JIE &2 > 300 kg/hm? (P, O;) W}, jifi F 5
S HEERAS LA B TE M B SP & & it i35, SOD, POD, CAT I 1 f 3%, 20 % & 38. 85 mg/g. 135. 59 U/g, 387. 57
U/(min » ) F1 47.71 U/(min = g) . MICPESM T 45 R R W] AR A VR &4 T e FH 38 ok W e 4% R IR — B AL B 7%
R MDA & it .35 SOD,POD.CAT {if £ #1 SP & i 5 i % (P<C0. 05) Bl 8 3 FAHC (P<C0. 01) . (&5 2 Fp
B A0 1495 2o 2 5 KR 2 R T B TEAR 109 SOD . POD,CAT & Ml SP 4 i, BRAIE MDA & & 48 & S s v e, 7
BHR IV K ZE T 1 300 kg/hm” F BRI A A T ERE LML,
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Physiological and antioxidant activities of phosphate
fertilizers on alfalfa roots under freezing stress
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Abstract:[ Objective] This study explored the response of alfalfa to cold resistance in Horqin sandy
land to type and dosage of phosphate fertilizers to provide theoretical basis and technical guidance for cold-
tolerant alfalfa overwintering. [Method) Alfalfa variety of ‘Gongnong No. 1”7 was treated using a two-fac-

tor (phosphorous fertilizer type and fertilizer amount) randomized block experiment design with 0,100,
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200,300 and 400 kg/hm? calcium phosphate and diammonium phosphate (calculated as P,O;) in autumn.
Then alfalfa overwintering materials were stored under artificially simulated low-temperature freezing con-
ditions (—20 °C) using cold storage (4 °C) as control. Changes in alondialdehyde (MDA) content,activi-
ties of antioxidant enzymes (superoxide dismutase (SOD) ,peroxidase (POD) ,catalase (CAT)) and soluble
protein (SP) content were determined and correlations among above indicators were analyzed. [ Result]
Under low-temperature storage and low-temperature freezing conditions, with the increase of application
rates of phosphate fertilizers, MDA contents in root neck of alfalfa decreased first and then increased with
the lowest in treatment of 300 kg/hm® (P, ;). Activities of SOD,POD and CAT and content of SP in root
neck showed a trend of increasing first and then decreasing. They all reached peaks in treatment of 300
kg/hm?* (P,0;). With same fertilizer amount, applying double superphosphate led to lower MDA content
and higher activities of SOD,POD and CAT and content of SP in comparison of diammonium phosphate.
Compared with low-temperature storage conditions,low-temperature freezing conditions caused higher con-
tents of MDA and SP and activities of SOD,POD and CAT at same applying amount. The peak values of
38.85 mg/g,135.59 U/g,387.57 U/(min * g) and 47. 71 U/(min * g) were obtained in application of
double superphosphate at the application rate of 300 kg/hm?* (P, ;). Under low temperature freezing condi-
tions , MDA contents in root neck of alfalfa applied with double superphosphate and diammonium phosphate
had significant (P<C0. 05) or extremely significant (P<C0. 01) and negative correlation with activities of
SOD,POD and CAT and content of SP. [Conclusion) Both phosphate fertilizers can increase activities of
SOD,POD and CAT as well as SP content in root neck of alfalfa under low temperature freezing stress,re-
duce MDA content,and improve cold resistance. Application of 300 kg/hm* double superphosphate in au-
tumn is beneficial to safe overwintering of alfalfa in Horqin sandy land.

Key words:alfalfa; phosphate fertilizer;freezing stress;antioxidant properties
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TETE1 T DG T Ml A A ARG T 3 A 3R X 2R R A
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B AR A B AR AR TR B 8 TR BT AR A T Y

A W A2 BE R 0 V0 3 5 A8 ET A 22 4 B4 Y Tl IE it
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1.1 It

TR0 LA T P S S8 AL T P 5 RO R 2R R
JRFERE X (43°36'N,122°22"E) AR E B KR 6.4 °C,
=10 CAHEH SR 3 184 C 4574 H BRI 3 000
h, TFEM 150 d. 4F %K &2 379. 1 mm, 2K & &
SRR R 5 A5 AR X 3~4 m/s, LR
Wl KBl 2 KU U g o v L BRI
Ry ALH H# . 0~20 em 2 -4 pH { } 8. 3. 1
HWAMT S 6.4 g/kg. A& & 0. 36 g/kg. Bl f#
A& 35.37 mg/kg, AL & it 77. 51 mg/kg,
B I 3. 70 mg/kg.
1.2 K&t

B E MR A 15 A E A A R
T A AR A BRA A KR T
2018-07-17 #& AP &K Fh & 22. 5 kg/hm® , £#E4THE 15
e, 5 FFTHHOE AL B 150 kg/hm® (K, O) , B & 2k
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el R v 3 IR AT EE L SR L )7 Y e R A T [R] 4
B, 8 F 20 B & 1 i 75 2 A [R) R 26 A []
Jiti P 2 () B IS e S o 26 oA o o R R A (P, O iR
kA4 %) PR — 8 (P, O, ik 46 %) . it %
0(X} B8, CK), 100, 200,300,400 kg/hm? 5 4~ & iE
(P, O Jiti FAKE . SR R Z BEAL X A 5% 3T,
AR 3 ANEE, I 30 AN NX K 4
m X5 m, PY BT .

FEEWIRT (11 A 15 H) BURE, $2 BUH 15 i &
AE S B/NKIRE 50 R CHLAN 5 — B0 . B3 0 ik
20y Horh Ly T 4 CUKFEMRRARAE . 5 1 i T2
J7 ARG I A 3 AR A DL TR A B, IR Ak B A SR
AL KIS &, R B AR %S, DL o
TR AL L4 °C/h iy sl R R, 35k
(—20 O JF 1+ 6 h 2R 5 Ij 4 °C/h (3 R T+
24 C, B ET 4 CTHFREE 12 h RIFiHETTHE L
A SRR B I AE
1.3 MEIBHRRAE

22 SCHRLL6 JAY 7 VR i A= PR A5, Horb iy
(MDA) & & I % H B AQ 22 b 22 R b 8 %, i 44k
Yy (POD) I 4 I 7 R H &A1 AR B L 3%, | Ak
Wy B AR (SOD) 1 M 5 >R FH 2L EE D ws L 86, 5
A CCAT) T P I SR 58 0 W e, ] i35
1 (SP) & 5 R 075 L 5 i e ok
1.4 HELE

HJ Microsoft Excel 2010 3475048 4b 3 , 45 5 H
COFE AR UEZE " E R . DPS 8 AT R R

o TS TRV ST
2SR5

2.1 BEEXEEEEIRT MDA 2 E/F M

mk 1R EMRIR R (4 OO KT & 2
ol N it FH S 35 0 28 46 E AE AR BT MDA & i 2
SRR TR L 7 300 kg/hm® (P, O;) 4b 3
T MDA & i dp Ak, 2 25 % T A it 38 18 A it F 100
kg/hm? (P, 0;) &k i (P < 0. 05); 7E 100, 200, 300
kg/hm® (P, O;) Zb 3T it FH 5 3 W R 805 1) 55 46 & 7
MR MDA % 5 5 2 I Tt # 2 — &k (P<<0. 05) ,

RIS VR (— 20 “C) &4 F . i A1 0,100, 200,
300,400 kg/hm® H i B {2 55 4k 38 Y 25 46 B 15 AR 3
MDA % #4351 BRI ¥ 98 (4 °CO 4 N3 m T
104.67% ,131.67% ,143.64% ,23. 40 % F156. 86 % 3
JiEFH 0,100,200,300,400 kg/hm? #HE — 4 4b B 1
SAEH 18 M 3T MDA & it 43 3K TR ¥ i (4 °C)
S F T 104, 67%., 51, 04%, 70. 77%,
A7.92 %00 33. 93 %, Ud B AR IR ¥4 VR 5 SO AR i SR Ak
JEE,

FEARIR A VR 21 2 i i AT A i I Ak 3 1) 4
B 5 MDA & 5 i 208 T4 it I b 3 (P<C0. 05)
Jiti FH 300 F1 400 kg/hm® (P,O;) &b ¥ i) MDA & &
i 2% T A 100 F1 200 kg/hm? (P, O;) b3 (P<<
0. 05) , Tt W Bk 23 it FH 9l TS E 06 12 73 S8 A6 1 75 1Y b 98
P it F B DL 300~400 kg/hm?* (P, O5) N H. .

1 TEBMEMEREAETEREERT MDA S ENEH

Table 1 Changes of MDA content in alfalfa rhizomes under different types and
application rates of phosphate fertilizers nmol/g
. fiti A &/ (kg « hm ™2 WiHE A 2E Type of phosphate fertilizer
it S b 5 ﬁiﬁ\rﬂsoﬂjrfl(offertﬁlizer) ij;‘ég&‘?gf = — IR
Temperature treatment . . JEWFRR T PR —
applied Ca(H;PO,), « CaHPO, (NH,)>; HPO,
0 1.0740.07 aA 1.0740.07 aA
100 0.60+0.01 bB 0.96+0.03 bA
S A o
,fEE(Jm(/?\aEE(LL C) o 200 0.55%+0.01 beB 0.654+0.01 cA
Low temperature refrigeration (4 °C)
300 0.474+0.01 cB 0.48+0.02 dA
400 0.51740.02 bcA 0.56740.02 cdA
0 2.19+0.15 aA 2.19+0.15 aA
100 1.3940.13 bA 1.4540.01 bA
A o o
R e (=20 °C) 200 1.3440. 14 bA 1.1140. 06 B
Low temperature {reezing (—20 ‘C)
300 0.58+0.01 cA 0.7140.01 dA
400 0.8040.03 cA 0.754+0.04 dA

T B R AR ARG PR 3R 7R P<T0. 05 7K P A [ 88 A il 2 AN [ 98 A P 4k i) 28 55 S22 35 B AN )RS 52 BE R 78 P<C0. 05 7K F A ]

RN A R B Ah 2Rl 22 e B 3. TR

Note: Different lowercase letter indicate significant differences among different application amounts at the level of P<C0. 05, and different

uppercase letters indicate significant differences among different fertilizer types at the level of P<C0. 05. The same below.
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2.2 WEPEXTEIEEFTRI SOD BRI

2 WO HEMRIBRIR (4 O &MUEF M 2
T TS it )t P 85 o 5 46 S AR ST SOD I Pk 522 e 1
5 J U5 A H L $ 1 300 kg/hm® (P, O;) 4B 34
P Ak, B0 3w T H A4 38 (P <C0. 05) 5 7E 100,
200,300,400 kg/hm* (P, O;) AL B R, jfi JH = 1k 8 iR
B 5 B AR B SOD I M 10 35 & T it FH i e —
B (P<0.05),

AR R (—20 O &4 F L A 0,100,200,
300,400 kg/hm® i B iR 55 4k 1 55 16 B 15 AR 3
SOD {1 43 5 B AR R ¥ 58 (4 C) & P8 m T
12.71%.8.99% ,12. 43%,29. 26 % il 25. 30% ; Jiti
FH 0,100,200,300,400 kg/hm? B iR — &7 kb ¥3 (1) £¢

*®2

A6 T8 MR SOD 36 1, 43 50 B AR IR ¥ 98 (4 °C) &1
T T 12,0 71%, 5. 64%, 9. 07%, 34. 12% Hl
73.69 %0 . Uk BAIGIR ¥4 VR 3 BTG MR RO AL R Ak
1 AR S0 i 158 SOD 3% P 1 BRI 4.

AR YS VR 251 F S il ] 100~300 kg/hm”
o W R A A R S8 48 B A AR BT SOD W Mk, 3w T
Xof IO B R — i Ab B (P <<0. 05) 5 £ 2 Fh s A Ak 38
T.200 ~ 400 kg/hm® (P,O;) kb ¥ % 1% B 5 # 3
SOD {1 5. 3 & T A il w5 I8 4 ¥ (P<<0. 05) , 1
kil B L B P2 = IR VR R E T R B S 1Y
SOD % ¥, H 5 2o 8% 72 55 (9 1E F i T8 R — 4%, i
FH 4 300 kg/hm? (P, ;) B} SOD & ¥ fr o

TEBEMERERAETERERERT SOD FHEMNEL

Table 2 Changes of SOD activity in alfalfa rhizomes under different types and

application rates of phosphate fertilizers

U/g

i e i/ (kg « hm™—?)

AR A2 Type of phosphate fertilizer

16 Ak 3R o T A
Temperature treatment Amount 0[4 fertilizer EJ@;M@F Wi kK
applied Ca(H,POp); + CaHPO, (NH)» HPO,
0 55.57£0.45 dA 55.5740.45 eA
100 80.5540. 78 cA 60.2941.19 dB
SHA (|
Rkl B (4 °C) . 200 91.85+1.35 bA 82.92+1.16 bB
Low temperature refrigeration (4 °C)
300 104.9040. 89 aA 92.08=+1.15 aB
400 82.03=%1.16 cA 72.2841.29 cB
0 62.6344.72 dA 62.6344.72 cA
100 87.7941.42 cA 63.69+0.70 cB
YA ¢ on o
it ie R (—20 'C) 200 103.27£2.12 bA 90.4441.59 bB
Low temperature freezing (—20 ‘C)
300 135.5949. 95 aA 123.5041.06 aB
400 102.784+1. 62 bB 125.54+0. 81 aA

2.3 BEREXTELERRH POD FEHAF M
%3 WoREMRIBR IR (4 OO KM HE 2 Fh
Tl S i FH 2 (%) 85 0 5546 A5 AR 3 POD 3% 4 52 56 3
S J 5 Y Ea # L J7E 300 kg/hm? (P, O:) 40T 1A
x3

F iRk, H 3 s T H kb B (P <0, 05) 5 7E it FH
100,200,300,400 kg/hm? (P, O;) Zb 3 F . it JH 5 3
T I 45 1 5 46 T TS AR 881 SOD 3% VE B 3 5 Tt JH i
fig — % (P<<0.05),

AEABEHERERAETERZEFTRIT POD FEMNTH

Table 3 Changes of POD activity in alfalfa rhizomes under different types and

application rates of phosphate fertilizers

U/(min * g)

it/ (kg « hm™ )

R A2 Type of phosphate fertilizer

il B A 1 p——, v —
Temperature treatment Amount Of, fertilizer o W R WRAR — &
applied Ca(H:PO,); » CaHPO, (NH,),HPO,
0 132.9141.86 eA 132.9141.86 eA
100 210. 62£2. 55 cA 149.9542.84 dB
a4
L2 (4 °C) . 200 199.5541. 69 dA 185.6240. 65 cB
Low temperature refrigeration (4 °C)
300 377.1144.95 aA 285.234+4.57 aB
400 223.08+2.14 bA 209.90+3. 04 bB
0 171.3542.18 eA 171.354+2.18 dA
100 205. 26 +3. 66 dB 250.90+4. 08 bA
1&@‘/“"\%(729 © o 200 247.4542. 74 cA 223.2141.72 B
Low temperature freezing (—20 ‘C)
300 387.57+5.02 aA 333.33+2.66 aB
400 319.80+2.51 bA 263.40+9. 96 bB
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FEMRIRR VR (—20 OO T - #5 7t 0 &b 31 1) 5%
A6 A5 AR B POD 36 P 55 IR ¥4 6 A 353 5 38 WG
MRS R T Bt A AR W R 7 A SR A G 1
POD {14 4 i Pi AL Ak

TEARIR Y2 VR 2548 F i ] 200~400 kg/hm®
o W IR A A Y S0 A8 B fE AR B POD IR 1, 1 3 & T
AR ] it 2 ) R 4 b B (P <Z0. 05) 5 7 2 Pl
AE A3 R L it ] 100,200,300,400 kg/hm?® &b 3 A 45
A6 5 T8 MR S POD 15 7F B 2 5 T A i IE 4b 31 (P <<
0.05) ,Jifi F§ 300 kg/hm® (P, O ) &b [ £ 14 B 15 48
i POD i 1 5 3 & T HoAth 4b ¥ (P <C0. 05), 10
ok 2 it FH i I B 6% 2 T AR AR IR R VR R R Y
POD i ¥ . Hoits F 5wl 2 85 09 ROCR 0 T B R —
B i LA 300 kg/hm” (P, O;) F POD i M 5 5
2.4 BEREXELERRT CAT EHEMNF I

24 L EMRIR R (4 O &M T & 2
ol JICS ot ) 6 ) 185 0 58 46 A5 MR BT CAT I 1 &2
Se IR IS U 59 1) 3L 7F 300 kg/hm?® (P, O:) 4b#E
SAEEfE M B CAT G/ ok, H B35 TR 400
kg/hm® (P, O;) &b B 41 1) A 4b # (P<C0. 05) 5 7 Jifl

F1 300 F1 400 kg/hm? (P, O;) &b BT, jiti FH 5 3o w5 1%
BEIEAE B TE AR I CAT 3% M W35 & it 1 il g —
B (P<<0.05),

AR IR % (— 20 “C) & F, 0,100,200,300
kg/hm® 5 o) B B2 4% b 1 28 A6 18 AR CAT 36 1
A3 0 AR R Ve (4 °C) SR s o 22, 23%,
23.78%,8. 20% F1 8. 16%3; 0, 100, 200, 300, 400
kg/hm’ @ R — B Ab B 546 B T AR BT CAT 6 M, 4
SRRV K (4 °CH 45 T34 22. 23%,27. 18 %,
13.32%,11. 50% 1 16. 21 % » ¥d B 1% 18 ¥ % S 3%
CAT Kat =, B g E o g ok CAT 36 Mok $2 m bt
AAbre .

TEAR IR % 44 F . 100,200, 300,400 kg/hm?
WENE AL PR S AE H AE IR 30 CAT 16 P B 3 = T A
JEALF (P<C0. 05) . Jiti ] 300 kg/hm* 4b3 g & & T
oAt b 3 CBRWER — % 1 400 kg/hm® 4bFEAP) (P<<
0. 05) , 1t B Bk 2 it FH #2518 08 44 o 1 7 A6 IR IR 2 R
AT By CAT 1P it 5 L 300 kg/hm* T CAT
TG M A

R4 TEBEMEREAETELERRT CAT FHENTH
Table 4 Changes of POD activity in alfalfa rhizomes under different types and

application rates of phosphate fertilizers

U/(min * g)

iEAE &/ (kg « hm ™)

BN A2 Type of phosphate fertilizer

3L 4 7 m E B
Temperature treatment Amount Of. fertilizer T R R — 8%
applied Ca(H,POp); + CaHPO, (NH,), HPO,
0 28.1140.43 cA 28.1140.43 cA
100 30.9941.18 cA 30.7642.18 cA
SELYA R (4 o
Rt o84 °C) o 200 36.7240. 55 bA 34.9140. 64 bA
Low temperature refrigeration (4 °C)
300 44.11£0. 15 aA 41.91£1.10 aB
400 42.66+1.63 aA 40.4040. 82 aB
0 34.36740.27 cA 34.36740.27 cA
100 38.3640.27 bA 39.1240. 84 bA
SEA VR (— C
MR Ui 2.0 © o 200 39.7341.36 bA 39.5640.83 bA
Low temperature freezing (—20 C)
300 47.7140.79 aA 46.7340.55 aA
400 40.3241.91 bB 46.9540. 28 aA

2.5 WEMEEERBRRT SP EEHEM

5 BOREAREA (4 OO KM BEE 2 Fh
8 0 it PR ) 14 0n L 28 46 S AR B0 SP i 2 SR T
B S AR B 3L B 300 kg/hm? (P, O) kb F 48 4E
HAE MRS SP & & e, H B m T H AL # (P<
0. 05) ; 7EJiti il 300 F1 400 kg/hm?® (P, O AT, jife
FH TR 3o Wl TR S 1 58 4K T A6 AR B SP o B 3 R T
FHMSBR — % kb B (P<C0. 05)

AR % (—20 C) %4 F,0,100,200,300,
400 kg/hm® i @ R 45 4b P 48 6 15 ML 30 SP &
B AR R (4 °C) SR B 20, 91%,

2.97%,20. 12%,6.56% #1 12. 84%; 0, 100, 200,
300,400 kg/hm® BEER 4 kb BRE AL E 5 AR 0 SP &
40 I AR VA R (4 °C) AT B 20. 91%,
16.44%.,27.75%,7. 38 % Fl 20. 11% , 1t W (K 6 %
RN EAE B SP & R PUIEE

TEA % 44 F i i 100,200,300,400 kg/hm®
(P,O:) 4 (B 100 kg/hm® ik 8 B8 55 40 #E4M) 1Y
SALHE RS SP & & o m T AL b B (P <
0.05), H 2 AR B2 LA 300 kg/hm? (P, Os) &b B i
SP 7t fie e » B WA K 5 it FH i JIT 6B 06 £ /& & 7 TEAIR
Ve R 25 1F T~ By SP & &, i [ & LA 300 kg/hm?
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Table 5 Changes of SP content in alfalfa rhizomes under different types and
application rates of phosphate fertilizers mg/g
§ ift&/ (kg » hm 2 WENE A2 Type of phosphate fertilizer
i 5 S ﬁ%fogjr;: ()fgferlrirllize; £ j‘ﬁ;':yggf% : - : R
Temperature treatment . PR IR BL

applied Ca(H,POp); + CaHPO, (NH)», HPO,
0 16.21+0. 34 eA 16.2140. 34 eA
100 20.90+0.53 dA 21.84=+1.33 dA

= N
Rtk 2 (4 °C) 200 25.6440. 41 cA 24,9440, 68 cA
Low temperature refrigeration (4 C)
300 36.46+1. 34 aA 32.3740.75 aB
400 30.5240.15 bA 27.9940. 37 bB
0 19.60+0. 82 cA 19.60+0. 82 cA
100 21.52+0.88 cB 25.4340.66 bA
A (o o
i e R (—20 °C) 200 30.8042. 92 bA 31.8640.30 aA
Low temperature freezing (—20 C)

300 38.8543.49 aA 34.7640.65 aB
400 34, 44+0.74 abA 33.6240. 86 aA

2.6 EUNEHERTI MDA SEEHEUBELER
SP £ ERHEXH

%6 WoR IEARIR I (4 C) &R L R
B b B (0 S5 46 T $5 AR 5 MDA & & 5 POD 3% 4 . SP
fri AR D6 (P<C0. 05) ; W 8 — e b 391 1y 4%
ETE M8 MDA & &5 CAT #& 4 .SP & & 2 i)
WBEMMFE(P<<0.01), 5 POD,SOD % ¥ & 8 3%
A (P<<0.05), fE—20 CARR® AT . &
o Wl R A Ak B S A6 H A IR BT MDA & i 5 CAT

W PESP & & 2 W 3 1A ¢ (P<<0. 05), 5 POD,
SOD ¥ M B4l b 2 1 AH OC (P<C0. 01) s B iR — & &b
PRSI B AR BT MDA & & 5 POD,SOD i 4 &2
& U SC(P<<0.05) . 5 CAT i #: . SP & & 2 i)
WLF AL (P<C0.01), 1] POD,SOD,CAT %
P Je SP 5B . MDA & Bl 1%, 28 76 1 75 AR 5
200 R B R W IE e 68 4R A A AR Y R AR 1
T BT AU I 0 RN 2o A Ak L B R A R
P,

®6 EUHEERIP MDAREERSLEHENR SP EEMMEXE

Table 6 Correlation between MDA and antioxidant enzyme activities and SP content in alfalfa root neck
H M e e )
1 2 A 7R ﬁﬂ"HEﬁl% it b MDA POD SOD CAT SP
Temperature treatment Fertilization type Index
MDA 1
POD —0.90* 1
B E _ .
Ca(H,PO,), + CaHPO, SOD 0.1 0. 87 !
CAT —0. 80 0. 80 0.79 1
{RIR A (4 °C) SP —0.81" 0.87" 0.90" 0.98" " 1
Low temperature
refrigeration (4 °C) MDA
POD —0.91* 1
R < _ . .
(NH,), HPO, SOD 0.90 0. 90 1
CAT —0.97*~ 0.83* 0.93** 1
SP —0.96** 0.89" 0.95"* 0.97"* 1
MDA 1
POD —0.93" " 1
R B ES . - s s
Ca(H,PO,), + CaHPO, SOD 0.94 0. 94 !
CAT —0.90" 0.98%* 0.94** 1
R ¥ VR (—20 °C) sP —0.91° 0.93" 0.97" " 0.89" 1
Low temperature
freezing (—20 C) MDA 1
o POD —0.89* 1
MR B - R
(NH,), HPO, SOD 0. 84 0.74 1
CAT —0.94"" 0,94~ 0.87" 1
SP —0.99" * 0,90 0.79 0.90" 1

v TR BEME(P<0.05), % » R B FEME(P<0.0D),

Note: * indicates significant correlation (P<C0.05), % * indicates extremely significant correlation (P<Z0.01).
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HAEMRIEG RN R EENE RS RS E L
A0 R B R 4R R BT JE AR gt
MDA NG it A A 1 7= W) 2 — , Ho& i e 1 g
JoT ok AR Ak B R R 98 52 A R NN 0 B 4 1Y
Mg o7 R, e 3 B A B R ) — S AR AR, 2
I AL I ST 3 W B O IR T 36 01 R A R A, SR K
HAEMR T MDA & A3 B it e, S 80L& &
I 0 B R I < B TRLRE R R SRR I AE AR
iz 2005 %, T BB AR 1 A4k 0 T L 40 i B A7 3] 5
P BE R AL 7 ) MDA & & Fh . AR 4,
LW, 5 AR A L IR R T R IEETE
MDA £ 5 555, it i JE b B 28 46 8 F5 AR 51 MDA &
B0 KT A b w5 A8 4L ¥ (P <<0. 05), H 7 300
kg/hm* (P, O;) kb B~ MDA & & 5 K. 6 W 76 F}
IR0 1, DXCRK 2 it FH i IS A T BRI 7 AR 39152 43
FRRE 6 A i AR B HEVE I

SOD.POD,CAT J& # ¥y 4 4 5 2 1) 7t %6 1L il
V2R L RS R AP i R 4, 300 B 2% R T X B fR 4 il R A
Vi B A W R N 22 4k 1 460 B Pl B R 4 i R
AT RE > 32 A B AR B IR DA T 1 R AE W) 1Y B JE
PECY, A AN RS R TE BRI (11 A 20 H
LG ) Bl 2 W98 1 ) 2 385 0 58 46 4 AR Bt 4R AL 7 T
P 2 IR i ARG A, A S Bk R it o £ I 25 B
RS B 76 AR Y Bt FE /8 I . 78 it ] 5 ol 1R
159. 1 kg/hm* (P, O;) B Bt & Ak i 06 Pk e ot . A i
B 45 SR W I o i A P A 1 1 PR IR ¥ R 5 I IR
P UR ST B0 A0 1 AR ST A A il O 2 8 2 S
I B AR 0 8 B, A it 5 i R 4% 300 kg/hm?
(P, O;) BT 8 AR I I06 1 i it 3 5 2 e 450 i A5 45
AN TR] St BRI ol 2 S 1 i DAL A 3 T A I
VE R BlRE it A o 43 57 WA BIF 5% 2% B {IG IR B
T K AR B A T A ] T L S Y S
KR W R T S Ak T TR M 34 i A it ol Ak B 5 B
Jit B 14 0 K R I R B AT I R B T R RE T
BN 33 5 A% A0 25 A ) 100 B it T DA R s
IR 38 R BRI PR R ). A A R R,
SACHTE K] 300 kg/hm” BEAL A4 4L B2, 7GR
it T AR # SOD,POD it CAT 1% 1 & & . 1 bR 16
M 4L BB 7 ok, Lt FH A Bl R S A R A i
WEiR %,

M E A (SP) R EE B E MY HEY
i 3% IR A TR R A PR B S A B ANy

FA ALY %I A1 400 2 35— 5 00 B L s
ALK 43 T % o B A IR 25 UK 5 R A 1 T
B SO IF oY 6 B B 2 b R 3G R ok
SP &t S BUSETH i )5 R AR 0 A8 b ke 3, S X Fh AR
A B4 D TR S 3 224 {8 TS T DA R T e PR
K4S 189 98 3% 95 T 3 o e FH A IR 25 % SP &
S A B0 R X S R AT NS R
T BRI A B T R AR B 4 R X S AR G &
AR TR B AE AR U 4 55 IR V2 VR 45 11 3 il ol S
RIS AL E MR SP & T & . 78 i FH &
A BR300 kg/hm? (P,O,) I SP 2 5 & .

4zt ®

o T S 3 e e R N I Ak B 2R A T A AR
POD i Ml SP & f , W i 35 32 i ¥ R AL BT 554K
H &R SOD.POD §if M & i 2 #2 & CAT i
ISP 7 5, DT S 300 196 P SR B L R R A
T 1 40 S0 Ab RS 37 VR Y R ) 5 Wl TR A ) e A
F R R AR TR DN A e v R S AL T AE IR B CAT %
PEF SP &4 B #F  m SOD Al POD 3% 4 . WA i 42
1SR 1S LA RE ) L BRI MDA &, 352
B EET) R B fEPUIEME . R AT iR S
A 1 T FE P o H vb S B R A N A TSR A Y 4 o
R TR — %%, L) 300 kg/hm? (P, O;) &b B3k
e
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