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Abstract: By analyzing the physiological characteristics of overwintering organs of alfalfa cultured with
different potassium fertilizers under low temperature treatment, the response of the cold resistance of alfalfa to the
types and amounts of potassium fertilizer applied during fall was discussed.In this experiment, the  Gibraltar’
alfalfa variety was used as the test material. Two kinds of potassium fertilizers, K,SO, and KCI, were applied in fall
and the application rates were 0,50,100,150,200 kg - hm™K,O (indicated by K, K,, K,, K;, K,). The over-

wintering materials were excavated in the early stage of overwintering of alfalfa,and subjected to simulated low tem-
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perature treatment (4°C,-209C ) to determine the relative conductivity of the alfalfa root neck, free water, bound
water , proline ,and free amino acid content.The results showed that for KCl and K,SO, ,the free water content of al-
falfa root neck at —20°C was reduced by 11% ~26% and 9% ~51% , respectively, compared with the cold storage
treatment at 4°C, and free water/bound water were reduced by 15.09% ~ 53.56% and 22.95% ~ 71.98%
respectively compared with 4°C treatment. For KCI and K,SO, , the relative conductivity of alfalfa root neck under
—-20%C treatment increased by 129.70% ~170.10% and 53.39% ~ 143.52% , respectively , compared with 4°C treat-
ment. The content of bound water was higher than 4°C treatment and increased by 4.89% ~88.21% and 16.30% ~
164.49%, respectively. Free amino acid content increased by 7.01% ~50.32% and 6.40% ~ 82.69% compared with
4°C treatment respectively. The proline content increased by 1.71% ~ 18.10% and 3.40% ~29.67% , respectively,
compared with the treatment at 4°C. The content of bound water, free amino acid and proline in the root neck of al-
falfa treated with K,SO, were higher than that of KCI treatment under the low temperature freezing treatment at
—20°C. The bound water content and free amino acid content of the K, treatment were 150 kg + hm™ K, 0. Com-
pared with the KCl treatment, the content and the proline content increased by 12.50% ,22.32% and 1.53%, re-
spectively. Compared with the KCl treatment, the free water content and free water/bound water decreased by
14.91% and 24.71% , respectively. Therefore, the application of 150 kg + hm™ K, 0 of K,SO, in fall was most con-
ducive to the safe overwintering of alfalfa as it increased the content of free amino acids and proline osmotic adjust-
ment substances,reduced the free water content and the free water/bound water ratio,and improved the cold resist-
ance of alfalfa.

Keywords: potassium fertilizer; fertilizer amount; type; alfalfa; cold resistance; physiological response
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Table 1 Changes in relative conductivity of alfalfa root necks

cultured with different potassium fertilizers under

low temperature treatment

AL/ C it A A P AR R Potassium fertilizer type
Temperature Fertilizer
treatment treatment KCl K, SO4

K, 21.79+1.47ABa 21.79+1.47Aa

K, 19.56+1.11BCa 18.20+1.13Ba

4 K, 17.49+0.82Ca 18.28+1.09Ba

K5 18.76+0.58Ca  15.36+0.62Ch

K, 23.20+1.18Aa  18.06+1.25Bb

Ko 51.35+2.82b/a  51.35+2.82Aa

K, 49.53+1.71be/a 35.31+0.70Ch

=20 K, 47.24+1.78¢/a 28.04+0.94Db

Ky 43.09+0.62d/a 28.65+1.54Db

K, 55.22+0.92a/a 43.98+1.08Bb

T AN A S - RE R 7[R R0 B AN Ta] 3 42 A 3T 1) 22 5 4
#F (P<0.05) ; AA/ING TR LA R BR L kA ) B I A e Ak 2
TR BE(P<0.05), T,

Note; Different capital letters indicate the significance of the differ-
ence under different application rates of the same type of potassium fertil-
izer (P<0.05) ; Different lowercase letters indicate the significance of the
difference under the same potassium fertilizer rate and different types of

potassium fertilizer ( P<0.05) , the same below.
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Table 3 Changes of irreducible water content in the root neck
of alfalfa cultivated with different potassium fertilizers

under low temperature treatment

W 4 PR, 4°C AR FEA B T8 AR S A

F 7K/ R EE7K7E KCLAE K Ab ¥R 2/, 78 K, SO, R

K AbBE R /N, —20°C Kb BE A B 75 MR S0 5 ks

AR B35 4°C A0S S el ), 6 MRV VRAL $H 2
*2 FAREMIEMEEERFAEMBLET

BHKEENTWL/ %

Table 2 Changes of free water content in root neck of alfalfa

cultivated with different potassium fertilizers under

low temperature treatment

IR EEAbFE/C il sh=g 8L} HRAEFNZE Potassium fertilizer type
Temperature Fertilizer
treatment treatment KCl KZ SO4
Ko 10.26+1.57Ca  10.26+1.57Ba
K, 14.52+1.69Ba  14.18+0.69Aa
4 K, 14.07+1.28Ba  9.48+1.35Bb
Ky 21.41+1.65Aa 14.88+0.74Ab
K, 16.46+1.63Ba  14.08+0.82Aa
Ky 19.31£2.03Ba  19.31+2.03Ca
K, 15.23+1.53Ca  16.49+1.02Ca
=20 K, 22.87+1.70Ba  25.07+2.24Ba
K; 33.19+£2.17Ab  37.34+1.19Aa
K, 23.30+1.30Ba  26.98+2.13Ba

x4 ARMEBLEEERAEREBELET

B Hk/ REKH TN

Table 4 Free water/bound water changes of alfalfa root necks

cultured with different potassium fertilizers under

low temperature treatment

ik BEALFIL/“C AL EEALFE fap g A% Potassium fertilizer type TR EEAL R °C JEAEEARBE 4m e #42 Potassium fertilizer type
Temperature Fertilizer Temperature Fertilizer
treatment treatment KCl K,50, treatment treatment KCl K,50,
Ko 46.40+1.08Aa  46.40+1.08Aa Ky 4.63 4.63
K, 45.27+1.56ABa  43.21+0.75Aa K, 3.18 3.05
4 K, 44.42+2.23ABa  47.60+1.48Aa 4 K, 3.17 5.14
K, 38.07+£3.09Ch  48.66+3.32Aa K; 1.80 3.28
Ky 39.85+3.74BCh 45.66+3.21Aa K, 2.46 3.27
Ko 40.86+1.51Aa 40.86x1.51Aa Ky 2.15 2.15
K, 40.41+£2.00Aa 38.62+1.76ABa K, 2.70 2.35
=20 K, 34.83+2.05Ba  35.85+1.83Ba -20 K, 1.54 1.44
K; 27.83+2.58Ca  23.68+2.86Da K; 0.85 0.64
K, 34.29+1.71Ba  29.06+2.25Ch K, 1.48 1.08
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KCI REAb PR A I 2R &% 7 K, (K, Fl K i & T i
FET CK(P<0.05) , HAE K, AL H T 3k 8] 5 K AH;
K,SO, JE AR PR () i 22 R & s AF K, Al K il A 2 Ak
PR 5T CK(P<0.05), % CK 437l m 1
20.71%%1 11.90% , TE-20°CAKIRALFR T, KC1 AB AL
PHEY 7 HR 2900 I 0P8 7 B A 4°C A B Ay B I T
18.10% 11.47% 3.09% . 14.23%F1 1.71% , K, SO, it
AL B A AR ) R e 4°C A4 I N T
18.10% . 12.27% . 29. 67% . 11. 64% . 3. 40% , i, W
—20°C Ab BRI T i AR 29 2 IR 2 1 3 hn; KCL IR Ay
K i 2 i Ab BE R I 2R & i i = T CK(P<
0.05) , 34T 13.31% ; K,SO, AE A K, Al K, Jite A 5 Ak
TR B & & 2% & T CK(P<0.05) , 43l 3
T 9.27%F1 14.11% ; K, SO, AE AL HH 1) Jif 20 R 7 &
FEAS i AL AL R R 38K T KCLARALEE R /4 il 2R 7
o U B I AT R T A R 5 i R

i, H K, SO, BB T KCl AR, Jifs F 4 DL K, Jite BB

AEPREY 150 kg + hm 2K, O B, T 7 M3 200 o il 42 R
IR .
27 BERFEMNESESEZKEMNSTARPY

BR&ErMEXME

R 7 iR, 4°CLBR, B K/ SREADK 54l
TR Fr i A 2 URE DG (P<0.01) , KC B AR B F /Y
Al K5 RAK & & B K/ AR K 2 8 7R
2 (P<0.01) ;K, SO, AEALH R EEK & S5 A
MREEE N FEMEL(P<0.05), 5% 8 Fixw,
—20°CAIGIRALH T, B H K/ R a8 K 5 R Ak & i
W A SE (P<0.01) , 5 A K& A R 3 1E
FHIE(P<0.01) 3 KCI JE &b 2 1) A X6} e, 5 5R 15 i =0 R
SRERBENHIE(P<0.05) ; A HKS &SR K
T R A (P<0.01) , S5F & MR & 5

BEHERHIC(P<0.01) ; A KT i 57 2 2 ik
ﬁﬁﬁﬁé‘éiﬁ%ﬁma‘é(ko 05), —20°C 1%
, K, SO, JIE Ak B F RH X6T P T 238 15 U 8 2 2
WFE AL (P<0.05) , H K&/ 5ga
W B AL (P<0.01) , SREK &5 51
G R B E IEAE(P<0.05) i 55 & FL R
SESMER S E 2R EEEMKX(P<0.01), U
WY e MR SR K B i | I 2 R 7 1 R 2 2 R
R MDA LA K S = A A K/ R
RGERATR , T 7 200 00 FSE a5 P A, i P FE ki
3 0’

Fa 2 B IR 28 B, 40 D A o 254 4 32 3|
IR, 3 5020 M F3E 5 e 344 K, 3 T ol P 6 0 B R
W2 ARG R 3R R DR LR R H R 2R e A
W) 5205 AR IRV 5 I B AR —
®5 WATEHREEERFEMBLET

HEEERSENTN/ (mg-g')

Table 5 Changes of free amino acid content in root neck

Pt

mwwﬁ
%Hﬁ&lﬁﬂ

>M%E§am%m
B B o g

of alfalfa cultivated with different potassium fertilizers

under low temperature treatment

JEACEEAR PR 4ppm F02 Potassium fertilizer type

Fertilizer

TR AL B/ °C

Temperature

treatment treatment KCl K, SO4

K, 1.39+0.05Ca 1.39+£0.05Ba

K, 1.68+0.17ABa 1.72+0.15Aa

4 K, 1.76£0.08Aa  1.57+0.04ABb
Ky 1.55+0.02BCa  1.56+0.04ABa

K, 1.57+0.05ABCa 1.47+0.10Ba

Ko 1.53+0.08Ba 1.53+£0.08Da

K, 1.53+0.08Ba 1.83+£0.07Ca

=20 K, 2.14+0.18Aa 2.43+0.11Ba
K5 2.33+£0.09Aa 2.85+0.09Aa

K, 1.68+0.13Ba 1.79+£0.04Ca

*6 HMAAEHEEFERACKMELET
ERBREENTL/ (ng- o)
Table 6 Changes of proline content in root neck of alfalfa cultivated

with different potassium fertilizers under low temperature treatment

i BEAL B/ C JEAE b 2L FAEAIZE Potassium fertilizer type
Temperature Fertilizer
treatment treatment KCl K,50,
Ky 4.20£0.07Ba  4.20+0.07Ca
K, 4.36+£0.20Ba  4.40+0.18Ca
4 K, 4.85+0.10Aa  4.18+0.13Cb
K5 4.92+0.15Aa  5.07+£0.09Aa
K, 4.67£0.08Aa  4.70+0.07Ba
Ky 4.96+0.08Ba  4.96+0.08Ba
K, 4.86+0.09Ba  4.94+0.18Ba
-20 K, 5.00+£0.07Ba  5.42+0.14Aa
K, 5.62+0.13Aa  5.66+0.17Aa
K, 4.75£0.13Ba 4.86+0.18Ba
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Table 7  Correlation between relative conductivity and water content and nitrogen-containing

protective substance content in root neck of alfalfa under 4°C treatment

BRAE AR A PR AR A K/ gk A K afiK e E AR AR
Potassium fertilizer type Physiological indicator Free water/bound water Free water ~ Bound water Free amino acids  Proline
H H17K Free water 091" 1.00
A /K Bound water -0.96" " -0.92" " 1.00
KCl #2423 Free amino acids -0.39 0.00 0.21 1.00
Jifi % Proline -0.82° -0.74 0.78 0.50 1.00
A% HL % Relative conductivity 0.22 -0.07 -0.25 -0.63 0.50
H 17K Free water 0.42 1.00
H 4K Bound water -0.98* " -0.23 1.00
K,S0, B % LR Free amino acids -0.43 -0.44 0.40 1.00
[ %2 Proline -0.71 0.34 0.84" 0.09 1.00
AN} L% Relative conductivity 0.53 -0.32 -0.67 -0.52 -0.80
TE: + FRBEMR(P<0.05) 5+ + Fnl B EFAMR(P<0.01) , FIF,
Note: * significantly correlated ( P<0.05); #* * extremely significantly related (P<0.01), the same below.
F=8 -0CARETHERIMWNBSEESKEMEARPURESENEXHE
Table 8 Correlation between relative conductivity and water content and nitrogen-containing
protective substance content in root neck of alfalfa under —20°C treatment
L eREIES HE AR bR A K/ Rk H K K Ui s R iR
Potassium fertilizer type Physiological indicator Free water/bound water Free water ~ Bound water Free amino acids Proline
H 17K Free water 0.94" " 1.00
H 47K Bound water -0.96" " -0.96" " 1.00
KCl W 2 HLBR Free amino acids -0.81 —-0.88* 0.86* 1.00
fifiZ2 Proline -0.66 -0.74 0.83" 0.80 1.00
AHXTHL T % Relative conductivity 0.43 0.56 -0.58 -0.83* -0.89*
H 7K Free water 095" * 1.00
WK Bound water -0.97*" -0.94" " 1.00
K,S0, B E SR Free amino acids -0.73 -0.71 0.82" 1.00
&2 Proline -0.64 -0.56 0.76 0.96" * 1.00
AT HL 5% Relative conductivity 0.44 0.44 -0.48 -0.88" -0.78
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