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Abstract: [Objective] The effects of different water and phosphorus combination treatments on cold
resistance physiological characteristics of alfalfa in Horqin sandy land were explored and the suitable water
and phosphorus combinations were screened. [Method) A two-factor split-zone test was used for ‘Knight
T’ and ‘Gongnong No. 1’. The main area of water treatments included irrigation time intervals of 4,8 d
and 12 d (W,,W; and W,) ,the irrigation method was pointer sprinkler irrigation,and each irrigation was
30 cm away from the soil surface. Phosphate fertilizer application rates in the sub-zone were 50,100 and 150
kg/hm?* P,O; (P, ,P, and P;),and no phosphate fertilizer was used as the control (CK). The alfalfa root
crown material was excavated in the pre-freezing period to determine malondialdehyde content (MDA) , cat-
alase activity (CAT),peroxidase activity (POD) ,superoxide dismutase activity (SOD) ,and soluble protein
content (SP). The overwintering rate was determined in the following year,and correlation analysis was
conducted. [Result) Under same irrigation time intervals, MDA in root crown of ‘Knight T’ and
‘Gongnong No. 17 showed a trend of first decreasing and then increasing with the increase of phosphate
fertilizer application rate,while CAT,POD,SOD and overwintering rate showed an opposite trend (except
for POD of ‘Gongnong No. 1’ root crown in P; treatment). SP in root crown of ‘Knight T’ showed a trend
of continuous increase, while that of ‘Gongnong No. 1’ showed a trend of first increase and then decrease.
Under same phosphate fertilizer application rates, MDA in root crown of ‘Knight T’ and ‘Gongnong No.
1’ showed a continuous increasing trend with the increase of irrigation time interval, while POD, SOD, SP
and wintering rate showed a trend of first increase and then decrease. CAT in root crown of ‘Knight T’
showed a trend of first increase and then decrease,while that of ‘Gongnong No. 1’ showed a continuous in-
creasing trend. The treatment of W, P, had the best overall effect. Compared with CK, MDA in root crown
of ‘Knight T’ decreased by 51. 84%, while CAT, POD, SOD, SP and overwintering rate increased by
45.12%,58.11%,21.98%,38.18% and 59. 50% , respectively. MDA in root crown of ‘Gongnong No. 1’
decreased by 51.18% ,while CAT,POD,SOD, SP and overwintering rate increased by 83. 56 % ,59. 65%,
42.03% ,62.06% and 55. 03 % ,respectively. In correlation analysis, CAT,POD,SOD,SP and overwintering
rate had significantly positive correlations with each other,and they had significantly negative correlation
with MDA. [Conclusion)] The suitable combination of water and phosphorus for alfalfa in Horgin sandy
land was irrigation interval of 8 d with phosphorus fertilizer (P,O;) of 100 kg/hm”, which could signifi-
cantly improve overwintering rate of alfalfa by reducing MDA, enhancing activity of antioxidant enzymes.,
and increasing SP.
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Table 1 Effect of water and phosphorus combination on root crown MDA of different alfalfa varieties nmol/g
A Wﬂﬂmﬁ_ﬂ‘ﬂ—! TE 7K Bsf 6] [i] b 40 B Irrigation time interval treatment
Varicties Phosphate fertilizer dosage
treatment Wl WZ W3
CK 2.48+0.11 aC 3.53+0.11 aB 4.42+0.31 aA
BT P, 1.73+0.06 bB 2.824+0.10 bA 3.09+0.22 bA
Knights T P, 1,140, 12 cC 1.7040. 15 dB 2.0540. 14 cA
P, 1.3740.25 cB 2.15+0.19 cA 2.3740.05 cA
CK 1.9840. 20 aB 3.38+0.11 aA 3.52+0.21 aA
N1 P, 1.3240.12 bB 2.49740.17 bA 2.5840.15 bA
Gongnong No. 1 P, 0.9640. 05 cB 1.6540. 14 dA 1.7740.17 cA
P; 1.5640.09 bC 2.08+0.15 cC 2.8040.12 bA

T« [R5 B0 5 AR S TR /NG SR 3¢ 7 (AR [ 3 7K B I i) B9 S T 9l S it T A 40 i) 2 55 W8 32 (P <0. 05) , W47 B J5 b AN TR K5 5k 3k

708 A [ 838 A Bt 55 AS [0 7K el i) i) o Acb 40 1) 2 53 B 25 (P<20. 05) . N3],
Note: Different lowercase letters indicate significant differences among treatments with different phosphate fertilizer application rates under
same irrigation time interval (P<C0. 05) ,while different capital letters indicate significant differences between treatments with differ-

ent irrigation time intervals under same phosphate fertilizer application rate (P<Z0. 05). The same below.

2.2 KEBHEEWELEBRI CAT FHEMF M
W 2 Fros , AR WS it B B R, B+ T
Mg 15 RS CAT WGP W, 4b 5 5
FET W, A (P<0.05), H ‘B4 T CAT 1%
PEFE P P, A1 Py AbFR T 8 W, b3 4 5 4 s T
25.17%,17.91 % F1 15.38%, A4 1 574 W, &b
A 4R B T 30, 95% .32, 86 % A1 37. 18% ., TEARN
[F] F K B[R] ] R A B, 5 TR Ak 145

MRA CAT 7% M 78 A W] i AR ) 4 b B R ¥ 3 T CK,
HA Ll P, BEAR A 3 B T CK(P<
0.05), Hrp B+ T’CAT 154 W, . W, W, Zb3
T CK 4548 T 57.43% .45, 12% F1 34. 75 %,
AR 1SR CK 4B B T 43.97%,83. 56 % 1
83.53% ., 4hSFH it HI 5 AT AE 0 25 1 55 AN [R] 3 UK
FF 7] ) oAb $HL TS 58 46 A AR B CAT 16 %, B 78
P, O; Jiti #4100 kg/hm® if CAT 3L .
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Table 2 Effects of water and phosphorus coupling on CAT activity in root crown of

different alfalfa varieties

U/(g * min)

R %Hﬂﬁﬁiﬁfﬁ WE 7K Bsf 8] [] B AL B Irrigation time interval treatment
Varieties Phosphate fertilizer
dosage treatment W, W, W;
CK 34.4442.69 cB 43.1142. 04 cA 39.8342.95 bAB
B+ T P1 44.67+1. 44 bB 52.67+4.11 bA 44, 46+3. 83 bB
Knights T P2 54.22+3.33 aB 62.56+1.10 aA 53.67+0.72 aBB
P3 51.3341.44 aB 61.56+3.86 aA 51.56+0.63 aB
CK 36.8943.28 cA 38.4441.13 cA 40,4442.11 cA
N1 5 P1 43.78+1.66 bB 57.3343.40 bA 59.56+1.50 bA
Gongnong No. 1 P2 53.11+3. 62 aB 70.56+3.13 aA 74.2241.91 aA
P3 50.2241.66 aB 68.8941.57 aA 72.22+3.82 aA

2.3 KEIHEESEWERERFRI POD iFHRZ I
MR 3 Fros ARSI EA BT, Gt T
AL 15 RS POD & PR W, 43T 5
& Ul K I [E] TR B 8 d B POD I P fe i . 7
AN [R] B4 K B ] E] B AD B R, (B TR A4
AR T POD i P75 A [6) B AL 12 4 BT 34 8 3%
BT CK(P<C0.05) , 2 2L P, B A0 A oAb B A i
ZAL WA T fE W, W, W b3 Y POD 6 4
BCK r%42% T 34.59%,58. 11% #i1 38. 19%,
R 1B H CK AR S T 14, 60% .59, 65% Fl

9.91% ., DL g5 5 Ul B, it FH i AT A 1 & R [ 7 K
IS R] [A] b Ak 3R 2046 B S AR Y POD I6 4, B A7
P, O; jifi H & & 100 kg/hm* B POD % 4 5 .
2.4 KEBFEEXWELEFRI SOD iFER
W 4 FrR AR BEAL i b N, H -+ T
e 15 MR SOD i ¥ 7 W, 4P T fe s
Vh B K B 8] (8] B R 8 d B SOD 5% E Bk, 75K
] g HE K s f () B AR BT, B+ TR AR 157
PR SOD i 1 75 45 B I8 A P2 T 3 3% & T
CK(P<20.05), Hi L P, Ab3 v H 85+ T 1
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2 S T 5 i A [ 8 7K I i) 18] Bl Ak BN 56 4 1 4 AR 3
(15 SOD i . HAE P,Os i 4 K 100 kg/hm* i}
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Table 3 Effect of water and phosphorus combination on root crown POD activity of

different alfalfa varieties U/(g * min)
L @iﬂﬂmiﬂ‘ﬁ% WE 7K Bsf 6] [i] B 4L B Trrigation time interval treatment
Varietios Phosphate fertilizer
dosage treatment W, W, W3
CK 1.334+0.10 cB 1.4840.22 dA 1.104+0. 08 bA
wm+ T P, 1.5340.11 bB 1.7140.08 cA 1.4440.07 aAB
Knights T P, 1.7920. 03 aB 2.3440.09 aA 1.5240.08 aC
P; 1.7340.08 aB 2.14+0.05 bA 1.124+0.12 bC
CK 1.3740.04 aB 1.1440.13 cB 1.1140.10 aA
ARG Py 1.5440.16 aB 1.84+0. 14 aA 1.1840.13 aC
Gongnong No. 1 P, 1.57-0.06 aB 1.820.02 aA 1.22+0.03 aC
P 1.5140.09 aA 1.524+0.11 bA 1.2340.15 aB
F4 KBEAGNAESRMELEFIRT SOD FHH Y
Table 4 Effect of water and phosphorus combination on SOD activity in root crown of
different alfalfa varieties U/(g * min)
R ﬁﬁﬂﬂﬁﬁi%fi TE 7K 8] 8] B &b B Trrigation time interval treatment
Varieties Phosphate fertilizer
dosage treatment W, W, W;
CK 138.31£7.15 cB 160. 2846. 99 bA 131.6447.76 bB
T P, 169.56+4.89 bB 186.37411. 31 aA 183.574+5.83 aA
Knights T P, 186.224.46 aA  195.51%7.32 aA 187.16=1.94 aA
Py 180. 432,47 abA 187.2143.79 aA 186.5343.79 aA
CK 118.18+8.06 cB 131.1149.65 cA 121.3147.52 cAB
N1 5 P, 167.06+9.43 bA 176.0748.76 abA 152.2742.27 aB
Gongnong No. 1 P, 179.6624.87 aA  186.2246.37 aA 153. 7146, 24 aB
Py 162.42+6. 28 bA 171.2046.53 bA 138.4642.75 bB

2.5 KBHASXMERERERD SP SEMNRMW
N 5 B AN BTG A B AL R L G T
A 5 BRSSP S e W, BN Fow
W TV K BT[] (B A 8 Y Ak 3 i AR 45T SP AR
FCR e w3 . TR [ 59 HE K (] ) R b BT
Tk TR AL T ST YRR ST SP e AE A i E

AR 5 T CKL b Py F1 Py ARG SP %kt
53 F CK(P<0. 05) , 3 W1 38 & 14t FH A8 »
AE i 1 A ] 9 K I i) i) B Ak B 5% 48 H A5 AR S
SP &4, HAE P, O; jifi i 4 100 F1 150 kg/hm® #f
BES e
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Table 5 Effect of water and phosphorus combination on soluble protein content in root crown of
different alfalfa varieties mg/g
A phﬁﬂimiﬂ‘fﬂ VEE 7K ISF 7] 5] B AL B Trrigation time interval treatment
Varietios osphate fertilizer
dosage treatment W, W2 W3
CK 16.11+1.54 cB 20.85+1.13 cA 19.12+1.22 bA
BT Py 18.70+1.08 bB 23.4640.67 bA 21.4540. 38 bA
Knights T P, 20. 66=-0. 88 abC 28.8141.23 aA 24.1440.79 aB
P; 21.794+1. 28 aC 29.6941.98 aA 25.16+0.96 aB
CK 19.22+1.26 cA 21.93+1.06 cA 19.64+1.59 cA
N 1B P, 23.7941.51 bB 27.3341. 28 bA 25.9641.12 bAB
Gongnong No. 1 P, 27.7940. 88 aB 35.5440. 83 aA 29.7840. 90 aB
P 23.90+1.12 bB 28.63+1.60 bA 25.58+2.37 bB
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2.6 KBHAGNEREBFHERNZIN

N 6 Pros , AR AL it A b PR R L B T
AL 157 W, AT A R R . TEAR
[7i) F) R I IR 8] i) i b BER “  TO A1 A 157
FR) B 2% A A A [R) Wl S T A 5 T WL Py ik BEBR
S8 AbBRR 2 3E T CK(P<C0. 05) , AP L P, AR 2

B A R e e H B T A R E W, W, W,
Lh B R A CK 4> B #2 5 95. 77%. 59. 50% Fi
58.38% ., 1 57 % CK 49l 70. 09%,
55. 03 %1 62. 52 % , it B it FH 5 A R 4 w2 AS [ 7K
IF [R] ] oy A BT 55 4 AE 0B A R BAE P, Os i
FHH M 100 kg/hm” B4 a5 5 .
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Table 6 Effect of water and phosphorus coupling on overwintering rate of different alfalfa varieties %
R %HE)EHJEF:M:IE VEE 7K ISF 7] 8] B b PR Trrigation time interval treatment
Varicties Phosphate fertilizer
dosage treatment W, W, W;
CK 33.5643.93 cB 46.2244.76 cA 41.1140.73 cA
B+ T P1 48.374+4.48 bA 53.6342.31 cA 50.527+4.68 bA
Knights T P2 65. 7044, 37 aB 73.7240. 46 aA 65. 1143. 93 aB
P3 58.5242.46 aA 61.6342.63 bA 57.5644.11 bA
CK 39.8542.00 cA 46,3044, 45 cA 40.0242.36 cA
N1 5 P1 52.0144.73 bA 56.8141.11 bA 54.5242.06 bA
Gongnong No. 1 P2 67.7842.13 aAB  71.78+3.93 aA 65.04+1.41 aB
P3 47.3342.37 bB 58.23+3.64 bA 52.52+2.10 bAB
27 BEEEMAABEGRAEEEAMBE %, CAT IS POD Fl SOD i H HI MR 1 %,
iy MDA % 1t 5 POD,SOD {if ¥ il & #2413 171

& 7 o, ‘B4 TR MDA &5 SP &
HILEREMELZR, 5 CAT,POD, SOD JF 4 F1 bk
£ BRI R AR A 6 (P<<0. 05), POD 1% 7£ 5 SOD
TP SP i 1 2 3 IE A G (P<0. 05) . HiAv 4R
b 2Z 8] 38 B A 3 IEAH G (P<<0. 01D “ Ak 157
& MDA &5 CAT i H: . SP & ®&AHCHEAR R

FHXE(P<C0.05),POD & 5 SP & i &t W 2 1F AH
(P <C0.05), HAx 48 b5 22 ] 35 52 4% 5 3 0F AH ¢
(P<C0.01), Z5HRF], B 1E MR 3 b bt & 10 B G 7k
SP & i =, MDA &7 0l B AIK AW 52 0 3 1 R
RS E AR T O

X7 EEHERIA _BERESKBEE ARAEEASEREERNEXEST
Table 7 Correlation analysis of alfalfa root crown malondialdehyde with antioxidant enzyme activity,soluble

protein content and winter survival rate

1 il 52 Fe k- Y3 ]
V:ruifrlties Meas‘\)zlgzij:nﬁﬁindex MDA CAT POD SOD S()Elfu{gf:b%)':in
CAT —0.55"%
POD —0.57* 0.79**
B+ T Knights T SOD —0.63"% 0.86"* 0.61 *
%% & H Soluble protein —0. 26 0.91""* 0.66" 0.74" "
4 # Overwintering rate —0.63" 0.94** 0.71** 0.87** 0.79**
CAT —0.21
POD —0.61" 0. 20
Gori;\r?jnlg io, 1 SOD —0.66" 0.51 0.81""
TP 9 Soluble protein —0. 44 0.82** 0.57" 0.81**
4 % Overwintering rate —0.56* 0.74** 0.53 0.82** 0.95**

W B S AR« RRAE DG B3 (P<T0. 05) bR » * Fm M MR B 3 (P<<0.01),

Note: * indicates significant correlation (P<C0.05),and * * indicates very significant correlation (P<C0.01).

R Tt B ek AL (] B 2% PR T i /K IR 1] 1] o ) S I 5%

HETEMR S CAT . POD fil SOD i kK £ 23 4%
W) 32 3 30 5 038 5 AR PN 2 AR TE MR AL A R

Th 150 5 ARG 119 728 bk 4 10 R A K 43 il 2 BB
LS XA WA AR T BT Ak T S S AR A BT AR T I R A AR [ EE K R] ) B A BT B
& RN R, B TR ALK 1S
& CAT.POD Hl SOD it k£ £ B Ky % T+

NI PUAL I R 58 Pra L R 4P iy CAT.POD,
SOD 45 il i Rk $e 4 E Y B . AP R L 7E
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Jit 5l FIEL T 8 5 5 A6 I A AR 20 4 AR A i S L 2
7T 98 2 210 i 65 g 3k 4R A 208 % 400 Jf o

VRS T R T T A B R 4 L R 3] R 4 A
FH (3 325 1 400 50 ELAT iR 1) S5 7K R v T i g 4
i B K R S I 43 BT AR A B TE T 1 AR A
ZEAEWCAE (W RIF I 2 B L 3 B T a0 Ak B AT
HAEMRBrh I EEES SR AKX H—
B0, TRl PR O 3 AE KV K I T 8] B 65 A 4 40 i
rh R 1K SR T S P R L S O W] AR ) )
Ve P B 1B A AT T 0 T M O
S A Bl RO b 3G B T fE AR ]
VA B 1 R A R [ RE K ] ] B AL BE R 88 L K
Mg, SR 15 B S AR B AT M 2R O i E A
() EE 7K B ] ] b A 38 5 5 1K R R AIG A0 8 35, 16
K 43 W 30 45 14 T 305 o 184 it i A e A F AR R AR K e
T3 WO & 28 figt 7K 43 T 360 o A 40 1E A A 3 Bl A PR
il s I H AR S A A PN 1 5T ) A R A A
HET A E AR TR Al g BUR B
8 A D X T R 1 o R R A A

MDA J2 41 i 5 i 48 fh 2o A o 7= A i — F s 0%
PER i A A=, AT LA S 40 P 22 Rl kA
IO 3 T 5 I 200 3% e A 0 AR i A AR 2 -
KB & EAN R FRY A K, &S5 ah
MDA KB ZE, frl MDA & 80 1E N [z WAt 4) 5%
i BB MR AR o A g8 4 SR R W, It 2 K A
][] B A E K, B+ TS A R 157 B TE RS
MDA & i & 3y 155 22 16 K, U B 1 52 1 38 B[R] 1)
FEK 25 5 0N MR R A5 R 0 IR, IX 5 RO
SR B AR A 0 BIF 5T 4 R — B L R it
G0 S A6 B T AR S MDA £ 2 76+ [H] 3 K
i [ [60) ol A T 1 36 B R S B AIK S T i 1 R A, 1
AF 05 F 398 il 8 RS Tt o B G A R O P B AT T R
P12 S, 2T 3 5 28 K A AR K 43 38 B BE T

ARAIF 5T 45 5 e B, Bl 25 9 K A T [ B 1) JE K D
BRI FH A B, W TR AR 1 5
15 1 78 A R 34 B S T i S B IR e B, ELAE R DG M
ST, A& 5 CAT.POD, SOD {4 F1 7] % 1
HEASEYWERFEEMELR, 5 MDA S22 8
FMAHE R UL R K A it 58 e 4L A
b, BE AR TE 5 A6 B A AR 20 rp (Y B A AL I TS P KT
VoS R A S, HE T RRAIR MDA 5, 22 i 40
i HEE B 4 A o DRI AE W B 3R 45 1) 56 M B AR BERAR i
(O IE 5 AT BRI SR A B 78 AN R B 05 1 Uk

FECU T 2 L T A R T A A
4 75 %

‘W TORCAqR 1S HAE R B POD,SOD
T Pk ATV M AR e MR A 3R 4 A i K I T[] B
H 8 d Wk B 5 KAR  CAT 3% 4 16 1 38 7K B Ja] Ja] s
AbFR TR W TR AR 1S HAE R
POD RV M (1 & B E P, 1Py Kb 3 T3 1 3%
T CKCAR 15 HERIN WPy 3RS
W, P, b3 ) B A 5O i A 2 A B T AR
MDA & & % CK [ 51. 84%, CAT, POD, SOD
T P DL SR R 2R 1 O i R A R e CK 430 14
T 45.12%,58.11%,21.98%,38. 18 % 1 59. 50 % 3
AR TSR B MDA &8 CK AR 51, 18%,
CAT.POD,SOD i 4% DL e W] 35 P 2 1 & & f il 4
R CK 4 W T 83.56%,59. 65%,42.03%,
62.06 % F1 55. 03 % , A LA, BE R W0 V0 AR B
18 KBRS A 0 2B B o E K B[R] () B R 8 d, B AT
(P, Os)jifi H 4 100 kg/hm”,
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