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Effects of phosphate fertilizer application depth on carbohydrate
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Abstract: [Objective] This study explored the effects of phosphate fertilizer application depth on root

crown vitality and carbohydrate protective substance content of alfalfa under low temperature stress to pro-
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vide basis for efficient management of phosphate fertilizer in cold-resistant and high-yield cultivation of al-
falfa. [Method) With Gibraltar alfalfa as test material, the field experiment was adopted with phosphate
fertilizer (P,0;) application rate of 225 kg/hm?”. The 5 depth treatments included ground surface and 7.5,
15.0,22.5 and 30. 0 cm from the ground surface and they were expressed as S,,S,,S,,S, and S, , respec-
tively. No phosphate fertilizer application was used as the control (CK). In the early stage of freezing, the
root crown was treated with 4, —10,—20 and —30 °C low temperature stress. Then,root crown vigor and
sugar contents (soluble sugar, fructose, sucrose and starch) were determined and correlations between
them were analyzed. [Result] With same phosphate fertilizer application depth, the root crown vitality of
alfalfa decreased continuously with the decrease of temperature. The contents of soluble sugar, fructose and
sucrose showed a trend of first increasing and then decreasing with peaks at —20 °C, while starch content
showed opposite trend with the lowest value at —20 °C. With same stress temperature, the root crown vi-
tality and soluble sugar, fructose, sucrose and starch contents of alfalfa in different phosphate fertilizer
treatments were significantly higher than those of CK,and treatment S, was the best. Correlation analysis
showed alfalfa root crown vigor was positively correlated with soluble sugar,fructose, sucrose and starch
contents. [Conclusion)] Phosphate fertilizer increased the root crown vitality of alfalfa under low tempera-
ture stress and the suggested application depth of phosphate fertilizer was 15. 0 ¢cm from ground surface.

Key words: cold resistance of alfalfa;phosphate fertilizer;fertilization depth;root crown vitality

Wil % 8 = & Holk 19 & R L B fE (Medicago sati-
va LOKFEAE O 7 EEm . ERTEE GG NG
JIsR S AL OB R O R T
] A 52 ot RE 20 U b 30T A R R Ok 110 2 AR
Al A 7 X B A R T AR 2 S 4. 933 T
hm?” [ BF R0 H X & 2= 9878 037, HAR & i Bk
iy {1 I 5] AR FE R B4, DR AT I 1k 2 b X AR
M4 R R RS . SR ERREME
FEP) AR B A A A b RS 5L
BN WEIR LR % A 1 Wi R B 18, S £ Tl il
18 S AE) 823 S ) 2 A0 A R AR i B 1Y 3
By E B T AL A AR R L A A
Y0 7€y T A A CH A AR T L Wi 2R Kk T B s
KR ERRE S & S AR Y BOR AR T S AR TR
SIS A K , e R5 AR B AR e DL I Ah 1 e
B IKOF- 340 23 52 KB Bt A3 o T T T B L Ry B R
WEVE & Ak &9 Y xT mE W v R KR B A B AR
MY, BHRETREAE 70% MR L HEL TRER 5
BORAST BB AL IE A 55 % S 76 T A0k W R A
Je 8 A B ) o R RS T R B8R Bl A A T A A
FOAE Y A BE W IR P ORI O 3 Al ot
BN MA B 15 3™ sk B AN i TR
1 e A S 22 L R AE i E A4 P 7 =X b L Y i
PO AN S 7T 1 1 [ R REAIR, DAL RORAR T 2
A B T P Wl . 22 IR AN WS R E H B R
AN 22 A T A A R 3 B 3 b 2 S /N2 i Y

TREAHE B B T E O BT 5T 3 B bl T 4R v A D
HZAEJG 0~40 em L2 AR R 15 £ RE W5
F MY TEAR IR 30 1 S T A A v il RO Y
A BRI G A ARG 3l 0T e ROE &0y 1 B 452403 3 i 4 5
PR (9 BT 5 DA 22 25 i BF 7 L 3R T L it )
JIEL R LA T A KR 5T m i 2 T R W A
b TIAT A  RE AN 20  BA 45 K L B SR AR )
FEVEN o F AT L A AE Bl S XA 2 A AR Y
SR 5 T A TRANIE ST AEUXE T 8 I it % B8 X i
i ol X A R SIS 0 R e T T P 2 W) ) B 5 e B /D
ULo 9ut s ABETEBE S B A B AR P R S E AR
AR 2R 23 8] 5 43 A DB S 22 B0 1] A0 383 AN [R] it e %
2 AV 3 F 300 T A AR S g ROBE 2 W B Y Y
Wiy 5 R A A BT A v B R A e R P AR
PR .

1R

1.1 It

I A T P 5 3 AL T T R B AR XU MO
P F ML (43°60' N, 121°31'E) , % i X & T i 4
KRG T 20, WL EERIRE W, A2
TRAE, =10 CHEBIE A 3 000~3 200 C,4EF
PR 5.8 °CL I 140~150 d, 4 ¥ K i 2
370 mm.AE R 3. 1~4. 3 m/s, + AP
& 64,10 mg/kg. Bl fE A & & 35. 88 mg/kg. A
T 44,01 mg/kg, AW & i 3. 59 mg/kg, HAL



11

B A A <l TR O R IR A0 A R UM 2K W 5 e R R M Y R 55

PR 77,89 mg/kg.
1.2 RWHE
1.2.1 kw&%ait ghkpr oy Jetk gE 251k
B g SR (M. sativa ‘Gibraltar”) , It @ WA
FRARIERHE . Z SR BRI 2. 0 9%, 4 i oot
R KA 30 R B IE P RE AR B 28 iy B A b
i

ABETE R AR H L 5. R FIBEAL X 2H % it T
2020 4F 7 H 1 HEEFP &R0 22. 5 kg/hm® . f7HE
J 20 cm, /N AN 15 m? (3 m X5 m), 4@
(P, Oy Jiti 5 4 225 kg/hm® B, 5 B it T Hb %
BEES 1 3% 7.5,15.0,22.5,30. 0 cm 3 5 S #E N0 FH
TREEALH, 43 I LA S oS So Sy Sy RuR » LA il
JIE Sk %o B CCKO 5 4 A4 A B 2 it FH 400 A 480 AR (KL O)
&R 150 kg/hm®, HALPEIEEE 3 IRE &, 3L 18
AN BERE SBRAE 43 1 Sk ik W IR A (P, O5 % &5
44 90) FIEAL T (K, O & 12 6020) , 4 4E S Al T
TP ET — UM A L it BB T KR I A it . X B
REKAd 6 B 2 OF IE R AT M A . TR
AL A 15 EOFEBAN/NRIZREK#H—
Ui o I i I el e v v g [ ) SE L
1.2.2 ARBpaxE  ZHEARZERSE MR
B AN 60 BRI 5] — By B AE R B 7
Y534 A Horp 1y A 4 C KGR T A A IRV
FHO S 3 Hb 3 0 T AE T ZE 1R K b e T B SRR
TE 20 cm X 30 em AL AR 2i A% A b A7 S5 H 3
L ZE 1R K 18 5 W3 A A A ORI L B R R 30
em X 30 em Y8 TH A0EL 2 A ] AR 2UE IR E 1 O
YRR 43 AT — 10, — 20 Fl—30 “C A% IR Ab 22 (fi§
WA . AR ERER A E N UL 4 Ch
B4 C/h BRI TR B AR IR B T PR EF 6
h R4 C/h s ETHRZ 4 C U ETE 4 °C

TURCE 12 b 5 A PR )R] B S AR 2500 7 RN
CIRGEET S N i
L3 MEERETE

MR 7 R Ak = 2% 36 U 8 g (TTC) ik
DU o T PR 8 R 0 b o 1 R ) U L 3t
TE o TREBE R ROBE 5 A 40 S0l SR U S K A R v )
R ENT I
L4 HiELE

A AE R WPS 2019 8 47 8 31 5 23 1l
. ] DPS 7.0 B k47 75 22 35 1 53 By SOkl 56
4381 . R FH Duncan’s 6 56 5 15 00587 520 22 16 647
ZHE L.

2 AR5

2.1 BEERAREXNEERIENNZMW

S = ] U 4 [ R 797 B S B S N [ 77
Jite FH VR B Ak B0 A AR UG Bk s T CK,
fE AR —10 CAREMA TS, .S .S, Al S, b FHE
TEMMRSE R Em T CK M S, 43 (P <
0.05) ;7 —30 CRIEME T .S, .S,.S, P EFE K
AN 38 B & T CK.S, Ml S, Ab#(P<C0.05)
E—20 CEMHET.RAS, MERYRIELE
ZET CKOHAAMYE CK ZAY LR FEER., &
4,—10,—20,—30 CHMTF .S, AL E 15 R BUE
TR R Tl 4 B, B CK B E W T
83.43% ,48.91%,57. 78 % Fl 181. 58 % (P<0. 05) ,
Ui S, Ab 3B A A TR RE AR B0E . AETH
— T UL e P B A 3BT I A AR SIS ) B A IR R
REARR T R B o ELAS (6] A1 I Joir 30 Ak L] A 1 4 AR 390 7
TIE BEEZER(P<0.05), i —30 Camy
T 1) AR 290355 7 e /1N U e 0 I AR T AR A
A2 4 R A AR 0 T AR

x1 BEEARENREHBLEERFRIENNZN

Table 1 Effect of phosphate fertilizer application depth on root crown vigor of alfalfa under low temperature stress
fib 7 WFE S/ (pg + g1+ h™1) Root crown vitality
Treatment 4°C 10 °C —90C —30°C

CK 1.6940.19 cA 1.37+0. 14 bB 0.90-£0.09 bC 0.3840.05 bD
Sy 2.35+0.18 bA 1.9840.18 aB 0.94-+0.18 bC 0.84+0.22 aC
S 3.024+0.21 aA 2.024+0.29 aB 1.1640. 18 abC 0.94+0.08 aC
S 3.10+0. 20 aA 2.04+0.15 aB 1.42+0.10 aC 1.0740. 05 aD
S 2.13+0.19 bA 2.1140.32 aA 1.1140. 10 abB 0.43+0.11 bC
S, 1.7340. 24 cA 1.5540. 29 bA 1.0640. 05 bB 0.31£0.17 bC

TE B 5 1/ 7 1 2 75 A [R] AR TR 380 A BT A [ 998 S G T 968 8 Ak 380 ) 2 55 0 385, A T) SR 5 5 B 3 2o A T e LS G D 9% 2 Ak LR AN T IR

M b A 22 5 2. TR,

Note: Lowercase letters indicate significant difference among fertilizer treatments under same temperature stress,and capital letters indicate

significant difference among temperature stress treatments under same phosphate fertilizer treatment. The same below.
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(P<<0.05), f£4,—10,—20 F1—30 C4MHTF.S,
Ab 3 AT PR O B L B CK 43 )t 3

T 25.81%,30.96%,39.43% Fl 123. 84 % , 131
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Table 2 Effect of phosphate fertilizer application depth on soluble sugar content of alfalfa root
crown under low temperature stress
Kb 3R RS R /(mg » g ') Soluble sugar content
Treatment 4°C —10 C —20 C —30 C

CK 85.37+5.20 bC 138.6749.65 cB 209.80+15.75 dA 69.5047.10 cD
Sy 99.53+5.75 abD 165.4747.96 bB 239.5049.77 cA 139.4742.67 bC
S 108.3046. 95 aD 180.5747.81 aB 260.27410. 27 bA 148. 6745, 84 abC
S, 107.4049. 08 aD 181.60%6.75 aB 292.534+13.33 aA 155.5746. 88 aC
Ss 97.80+9. 04 abD 177.4745. 87 abB 272.50+8. 31 bA 157.3043. 80 aC
Sy 87.134+3.58 bC 148.67+6.10 cB 227.90+13.01 bA 136.10410. 75 bB
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Table 3 Effect of phosphate fertilizer application depth on fructose content of alfalfa root crown under low temperature stress

b 3 FeME A/ (ug » g 1) Fructose content
Treatment 4C —10 C —20 C —30 C

CK 65.76+8.01 cD 129.62+6.33 cB 215.84+6.22 dA 113.01+8.37 dC

Sy 76.3745.33 beD 146.3646.17 bC 254.33+10.17 bA 164.2446.77 bB

S, 94.4745.42 aC 158.5447.48 bB 258.92+14.06 bA 167.7546.82 bB

S, 89.554+5. 34 abC 182.4147.10 aB 281.73+6.53 aA 182.52410. 05 aB

S 72.0242.81 cD 187.074+6. 38 aB 253.49+7.41 bA 166. 14+8. 84 bC

S, 69.9044. 68 cD 151.08+11.32 bB 238.43+10.47 cA 136.46411.97 cC
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M2 4wl o0, 76 W] — (IR i 3 b B R L BR TS,
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Frmi K, 5 CK K T 84, 62%; fF — 10 Ml — 20

SR T 38,55 % M 41.12% 54 —30 'CF, S, 4k
HMEERBMERTRERER KR CKHEKT
42,49 % Lk b g5 5L Uk B L it FH 38 R R 1 T Bk 4
1o T AR Y R B i A W) — Wi it P R R Ak B
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Table 4 Effect of phosphate fertilizer application depth on sucrose content of alfalfa root crown under low temperature stress
ik 3 BB R/ (mg » g7 ') Sucrose content
Treatment 4°C —10 C —20 °C —30 C

CK 59.954+7.18 dD 147.4849.56 cB 265.63+5.93 dA 115.3547.72 cC

Sy 80.06+3.74 cD 197.0044. 96 aB 338.46+11.29 cA 145.5949.57 bC

S 94.65+15. 33 bD 201.99+8.13 aB 343.30+6.13 bcA 168.61+8.75 aC

S 107.7543.07 abD 204,34+5.32 aB 374.87+13.28 aA 158.9449.57 abC

S 110.6847.17 aD 175.24411.95 bB 354.96+9.16 bA 149.0243.75 bC

Sy 75.99410.03 ¢cD 144.2146.96 cB 267.53+9.22 dA 122.20410. 66 cC
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fh 2 5 A UL, 78 A —IC IR e A BT L OR [ B
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VEM & SR AT B M 25 R (P<T0. 05) , Hirh
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S1S . S; Sy b fi AR A VE M i A IR AR T
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Table 5 Effect of phosphate fertilizer application depth on starch content of alfalfa root crown under low temperature stress
b 3 VEM &1t/ (mg » g 1) Starch content
Treatment 4C —10 C —20 C —30C

CK 49.4046.17 cA 32.0141.65 dB 11.30+1.69 dD 21.614+1.10 cC

Sy 75.05+7.60 aA 35.7343.89 cdB 18.21+1.74 ¢cD 24.7342.31 beC

Sy 77.3046.64 aA 42.3145.42 beB 19. 65+4. 98 beD 29.5042. 33 abC

S, 73.04=+5.21 aA 53.5345.13 aB 25.4342.87 abD 35.9042. 94 aC

S; 58.29+1.83 bA 48.25+3.53 abB 27.9341.40 aC 30.1043. 24 abC

Sy 58.0143.75 bA 36.0142.18 cdB 14.86+0.92 cdD 24.8141.21 beC
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Table 6 Correlations between alfalfa root crown vitality and carbohydrate contents
Ak P B/ °C W 7 48 At MR 1 T REVE RvE
Processing temperature Measurement index Root crown vitality Soluble sugar Sucrose Fructose
] % Soluble sugar 0.97 "
1 HERBE Sucrose 0.97** 0.93**
Bk Fructose 0.67 0.75 0.58
VEW Starch 0.87" 0.89"” 0.86" 0. 47
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%+ 6(4) Continued table 6
Ab PR B/ °C M 5E 46 b1 MR J) CiRGR e HEBE B3
Processing temperature Measurement index Root crown vitality Soluble sugar Sucrose Fructose
" YERE Soluble sugar 0.96"
10 JEME Sucrose 0.79* 0.82"
Sk Fructose 0.85* 0.87" 0.48
VEH Starch 0.76" 0.85" 0.95" " 0. 60
T YERE Soluble sugar 0.89**
90 REME Sucrose 0.85" 0.93"*
SpE Fructose 0.69 0.92"* 0.90" *
VEH Starch 0.70 0.93** 0.79" 0.89"*
T MEHE Soluble sugar 0. 49
a0 HEHE Sucrose 0.78* 0.90"*
Pk Fructose 0.82* 0.77* 0.91*~*
VEKY Starch 0. 66 0.75 0.86" 0.78"%

TE e ox RN R MK B 3K (P<C0.05) 5 % % Rom Al SR M 2 3 K7 (P<<0. 01D,

Note: * indicates significant correlation (P<C0.05), * * indicates very significant correlation (P<Z0.01).
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