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Effects of NaN, mutagenesis and saline-alkali stress on growth and

physiological characteristics of alfalfa callus

LI Bo, WU Ting-ting
(College of Agriculture , Forestry and Life Sciences ,Heilongjiang Provincial Key Laboratory of Resistance Gene
Engineering and Protection of Biodiversity in Cold Areas ,Qiqihar University, Qigihar,Heilongjiang 161006, China)

Abstract; In order to decipher the effect of NaN; mutagenesis and saline-alkali stress on the growth and physi-
ological characteristics of alfalfa callus, we conducted an experiment that the growth and physiological indexes of al-
falfa callus, “Zhongmu No.1” were treated by NaN; and saline-alkali (NaCl, NaHCO;, and Na,CO,) stresses. The
results showed that increasing NaN, and salt concentration decreased the survival rate of callus. When the concen-
tration of NaN, was at 3 mmol - L', 8 d treatment decreased the survival rate of callus to 54.55%. This treatment
combination is NaN, mutagenic semi-lethal conditions. The survival rate of callus was lower than 5% at 200 mmol -
L™"of NaN, after 12 d treatment that is the lethal concentration of each salt and stress time. In addition to the low
concentration of NaCl stress group, the biomass of the callus decreased with the increase of NaN; and salt stress
concentration, NaN; treatment decreased the biomass in a range of 60.85% to 81.88%, the NaCl stress group de-
creased that by 13.90% ~65.63% , the NaHCO, stress group decreased that by 21.71% ~67.37% , and the Na,CO,
stress group decreased that by 61.54% ~73.20%. The effect of salt and alkali on the biomass of alfalfa callus ranked
in this order; NaCl> NaHCO,> Na,CO;. The content of soluble protein, soluble sugar and proline in the callus in-

creased significantly, and the content of MDA and electrical conductivity decreased by NaN,; mutation and salt
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stress. The soluble protein content in treatments of NaN,, NaN,+NaCl, NaN,+ Na,CO, and NaN;+ NaHCO, in-
creased by 47.07%, 53.57%, 22.31%, and 47.69%, respectively. The soluble sugar content increased by
24.79% , 162.86% , 58.36% and 109.54% , respectively.The proline content increased by 47.78%, 162.86%,
80.00% , and 107.25%, respectively. The MDA content decreased by 2.35%, 11.17%, 3.64%, 5.54% , respec-
tively. The relative conductivity decreased by 15.13%, 17.96% , 16.79% and 17.28% in all treatments, respective-

ly. The NaN, induced the accumulation of osmotic substances in the callus and decreased the permeability of mem-

brane.

Keywords: alfalfa;callus;NaN, mutagenesis;saline alkali stress;survival rate; biomass; physiology character-

istics
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Effects of survival rate and biomass of alfalfa callus under NaN; mutagenesis

Table 1

TG RITE 50% LA |, NaN, # B 4.0~ 5.0 mmol -
L7, 0 BV A TG R B TE 50% LLTF Rl 2
NaN, ¥R 5.0 mmol - L™, F BN A= 7% 1 20 %
1%, B 68 IR o L% A8 il ., A1 4121 7E NaN,
WeBEH 3.0 mmol - L7, 3555 8 d Fl 12 d I, HAEN
F9 M 54.55%F1 50.00% ,NaN, ¥ JE 4 5.0 mmol
- L7 RE5R 8 d B B AL SUN AN F N 12.00% ,3.0
mmol - L™'NaN,(8 d) & NaN, #7545 & 455 2 21 i 2 5
FEHE 5.0 mmol - L' NaN,(8 d) Jy HE AL I
NaN, B2 M6 TAaHS A K, SEd A
ZUNAEY RIS XA (W3R 1) IF B S %
10 d B 04, NaN, ¥R E R 1.0~3.0 mmol - L'
B, A 24U i 5 BE A LT R B AR 50% LA
DAL, A Ak P e 3 A Ao B B ) A 4 2 40 g i 5 %)
WEAH LG R 8 BE 39 7E 50% LA I, JE HAE NaN, #k &
9 4.0 mmol - L™ 575 20 d #1125 d i, A= R %
R BESA7E 80% LA I, FifiZE NaN, H¢BE 38 fin ks 97
I ) A A | 7R 473 2 22 o ) S B AN T A
4.0 mmol « L™'NaN, #KE T, AU T A4 K,
ANFHE NaN, P28 5 10 20 d BG4 2 Wi 4y
W X BB K T 60. 85% . 67. 35% . 70. 77% FiI
81.88%, TEXEFEAHIRI KA, NaN, Ve Bk &1 , 14
AU Y BRI
22 HWEAMEXNEERGASEKNZME
A[EJHEE NaCl ,NaHCO, F1 Na,CO, Wl R & 15
A H E AN IR 2, B NaCl, NaHCO; #1
Na, CO, ¥ 5 0 358 M0 R8s 37 Bsf (] S 4 05 20 247 3%
RETREEHE M58 12 d B, 200 mmol - L™ 4&£h 55
Jh3E N BB RIAEE R IE T 5% ,NaCl Hl NaHCO,
W R 150 mmol « L™, HAZTE F 50501k 52.14% F11
51.22%,100 mmol - L' Na,CO, MHALEE RN 50.33%,
200 mmol + L"'NaCl ,NaHCO, I Na,CO,( 12 d) K H:

skl

NaN; ¥/ (mmol - L™ T35 Survival rate/ %

W) Biomass/g

NaN; concentration 4d 8d 12d 0d 10d 15d 20 d 25 d
0.0 100.00 95.00 95.00 1.01£0.01a  2.36+0.04a 4.38+0.20a 5.85+0.10a  6.94+0.20a
1.0 91.30 87.50 79.17 1.01£0.01a  1.36+0.04b  1.98+0.08b 2.29+0.04b  2.70+0.03b
2.0 81.82 72.73 63.64 1.02£0.02a  1.24£0.02b  1.68+0.05¢  1.91+0.05¢  2.48+0.04b
3.0 81.82 54.55 50.00 1.01£00.1a  1.18+0.02b  1.3520.04d  1.71£0.02¢  2.29+0.04c
4.0 66.67 41.67 33.33 1.01£0.03a  1.04+0.02c  1.06+0.05¢ 1.06x0.04d  1.07+0.02d
5.0 40.00 12.00 12.00 1.02£0.02a — — — —

TE : B R NG TR 05 25 A BRI ) 22 57 0 31 (2 25K F (P<0.05) o I,

Note: Different lowercase letters within the same column mean significant difference among treatments at 0.05 level. The same below.
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Table 2 Effects of survival rate and biomass of alfalfa callus under saline-alkali stress

B/ (mmol - L71) 5% Survival rate/%

LEW)HE Biomass/g

Saline alkali concentration 4d 8d 12d 0d 10d 15d 20d 25d
0 100.00 95.00 85.00 2.00£0.00 a 4.13+0.10b 6.29x0.21ab 8.06+0.05a 6.26+0.07ab
Sl 50 96.23 82.33 76.21 2.01+0.02a 4.55+0.02a 6.61£0.47a 8.07+0.09a 6.86+0.05a
‘;EL . 100 92.56 77.35 63.48 2.02+0.02a  4.24+0.03b  5.84+0.12b  6.94+0.08b  5.86+0.05b
Sodium chloride
150 83.48 71.38 52.14 2.00£0.07a  3.08+0.02¢  4.44+0.12¢  5.15+£0.12¢  4.65+0.77¢
200 72.46 36.75 3.73 2.00+0.00a  2.36+0.05d 3.83+0.07¢ 2.77+0.33d  2.44+0.01d
0 100.00 95.00 85.00 2.00£0.00a  4.13+0.10a  6.29+0.21a  8.06+0.05a  6.26+0.07a
RS 50 92.34 78.22 65.41 2.00+0.08a 3.06+0.23b  4.78+0.05b  6.31+0.10b  5.72+0.09b
. .ﬂ 100 89.67 75.76 60.53 2.02+0.04a 2.96+0.06bc 4.83+0.06b 4.35+0.11¢  3.78+0.08c
Sodium bicarbonate
150 83.44 65.54 51.22 2.04+0.05a  2.19+£0.05¢  4.31+0.03¢  2.87+0.04d 2.70+0.10d
200 76.36 35.48 3.55 2.04+0.04a  2.58+0.50c¢  3.73+0.09d 2.63+0.09¢ 2.13+0.02¢
0 100.00 95.00 85.00 2.00£0.00a 4.13+0.10a  6.29+0.21a  8.06+0.05a  6.26+0.07a
P 50 85.67 66.53 54.84 2.00+0.0la 3.21+0.01b  3.73+0.05b  3.10+0.02b  2.85+0.05b
. 100 80.74 63.22 50.33 2.01+£0.06a  2.92+0.0l¢ 3.57+0.40bc 2.75+0.08bc  2.70+0.09¢
Sodium carbonate
150 76.56 59.63 38.91 2.05+0.05a 2.67+0.01d 2.68+0.02¢ 2.16+£0.57¢ 2.42+0.02d
200 70.23 34.55 2.63 2.00+£0.00a  2.36+0.03e  2.40+0.0lc 2.31+0.0l1¢  2.30+0.0le
x3 HEPENEERGERASERXEEERNZIE
Table 3  Effects of saline-alkali stress on permeation-related physiological indicators of alfalfa callus
isiil AR AR (mg - ¢ TIEPERFS B/ (pmol - ¢7') ARSI/ (g - ¢7') MDA &/ (pmol - 7' HIXTHL S/ %
Treatment Soluble protein content Soluble sugar content Proline content MDA content Relative conductivity
X8 Control 4.366+0.068d 29.283+1.095d 32.230+1.415d 8.297+0.027a 73.787+3.806a
NaCl(LCsy) 6.228+0.034a 74.437+0.110a 80.753+0.974a 7.470+0.104d 61.500+0.954¢
Na, CO;(LCsy) 5.597+0.162¢ 43.834+0.295¢ 54.472+1.769¢ 8.052+0.084b 64.467+0.987h
NaHCO;(LCs,) 5.804+0.122b 59.096+0.244b 62.477+1.686b 7.881+0.011c 62.733+0.896hc

T LCs {URANRIHA BEBOUKE, TIH,

Note : LCy is the semi-lethal concentration of related stress. The same below.
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Table 4 Effects of permeation-related physiological characteristics of alfalfa callus under NaN; mutagenesis and saline-alkali stress

AR
Soluble protein content
/(mg-g™")

B

Treatment

A
Soluble sugar content

/(pmol + g™')

MDA &
MDA content
/(umol - g7)

I R
Proline content

/(pg-g")

HAXT R E/ %

Relative conductivity

X B8 Control
NaN;(LCs)
NaN;(LCsy) +NaCl(LC,oq )
NaN;(LCs) +Na, CO5(LC o)
NaN;(LCsy) +NaHCO;(LC,o)

4.366+0.068d
6.421+0.108bc
6.705+0.156a

5.340+0.108¢

6.448+0.130b

29.283+1.095e
36.543+0.979d
76.974+0.179a
46.372+0.117¢
61.360+0.118b

32.230+1.415e
47.630+0.776d
84.720+0.958a
58.015+0.850¢
66.798+0.958b

8.297+0.027a
8.102+0.054b
7.370+0.040d
7.995+0.104b
7.837+0.006cd

73.787+3.806a
62.623+0.220bc
60.533+0.462c
61.400+0.458¢
61.033+0.577¢

TE LG oo AWM M BOEHKRE . T 1A,

Note: LC, is the lethal concentration of related stress. The same below.
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Table 5 Membership function values of permeation-related physiological indicators

A3 MR AR it = R R iERUERG S fIRHE HEF

Treatment Soluble protein  Soluble sugar Proline MDA Relative conductivity Membership value  Order
X & Control 0.000 0.000 0.000 0.000 0.000 0.000 8
NaCl(LCs) 0.796 0.947 0.924 0.892 0.927 0.897 2
Na, CO;(LCyy) 0.526 0.305 0.424 0.264 0.703 0.444 7
NaHCO;(LCs) 0.615 0.625 0.576 0.449 0.834 0.620 4
NaN;(LCs) 0.879 0.152 0.293 0.210 0.842 0.475 6
NaN;(LCs) +NaCl(LC o) 1.000 1.000 1.000 1.000 1.000 1.000 1
NaN; (LCsq ) +Na, CO5(LC o) 0.416 0.358 0.491 0.326 0.935 0.505 5
NaN;(LCs,) +NaHCO;(LC,o) 0.890 0.673 0.659 0.496 0.962 0.736 3
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ZRG AT SRR pR SR A VAN [ O SR
ERBRE X A 015 2 T P B R R 2 RN R i
PR SR RN DUAR W 40 R Bk B, A A i 4
ZI/E NaN, 7578 FIEL— ER WM 0 T, B 0 68 1) 58 55
JIFF: A : NaCl>NaHCO, >Na, CO, .
3 eSS4
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