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Effects of a chitosan seed soaking treatment on seed germination and growth of
alfalfa under saline alkali stress

TONG Yu-hua, WANG Xiao-tong, MA Yong-long, YANG Jin-hui, YU Dong-wen, LI Shu-xia
College of Forestry and Prataculture, Ningxia University, Yinchuan 750021, China

Abstract: The aim of this work was to investigate the effect of chitosan as a seed treatment for alfalfa (Medicago
sativa) to improve seed germination and seedling growth in saline alkali conditions. Seeds of 15 alfalfa varieties were
soaked in chitosan solution and their germination and growth under saline alkali conditions were monitored. First, the
seeds of the 15 varieties were subjected to saline alkali stress (0, 50, 75 and 100 mmol-L ', NaCl: Na,SO,=9:4,

pH=38. 3) to determine their tolerance at the germination stage. This revealed the optimal stress concentration for
further experiments, and identified the cultivars showing saline alkali tolerance at the germination stage. The 75

mmol-L '

treatment was identified as the optimal stress concentration, and three alfalfa germplasm lines with
tolerant, moderately tolerant, and sensitive genotypes were selected for further experiments. Seeds of the sensitive,
moderately tolerant, and tolerant genotypes were soaked in solutions containing chitosan at a range of concentrations

(0, 25, 75, 125, 175, and 200 mg-L ') for 12 hours and then exposed to 75 mmol-L ' saline alkali stress during
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the seed germination stage, or distilled water as the control (CK). The results show that, for all three alfalfa
materials, the seed germination indexes such as germination energy, germination percentage, germination index,
vitality index, and seeding indexes such as root length, seedling length and fresh weight were higher after the
chitosan-soaking treatment than after treatment with saline alkali stress alone. Across the chitosan concentration
range tested, as concentration increased, each germination index first increased and then decreased. The optimal
effect was achieved when seeds were soaked in chitosan at a concentration of 75 mg-1. '. Additionally, soaking the
seeds in different concentrations of chitosan had different effects on the germination indexes of the three germplasm
lines, with a significant concentration dependent effect within a certain range. In conclusion, a chitosan seed soaking
treatment can effectively alleviate the inhibitory effect of saline alkali stress on the germination of alfalfa seeds and
significantly improve seedling growth. The results of this study provide an effective methodology for improving the
adaptability of alfalfa and enhancing its establishment in saline alkali land.
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Table 1 Effects of different saline—alkaline treatments on germination indexes of 15 alfalfa germplasm materials

£ B A B K22 Germina- &2 Germi- V& R SLPAER Li§S HiK i
Saline-alkaline treat- tion percentage  nation energy Germination Vigor index Root length  Seedling length Fresh weight
ment (mmol-L ') (GP, %) (GE, %) index (GI) (VD) (RL, mm) (SL, mm) (FW, g-plant™")
0 87£0.01a 75+£0.02a 26.75£2.10a  936.56+£98.87a 33.73+£1.74a  2.8040. 15a 0.38£0.02a
50 4840.03b 4340.03b 21.6142.0lab 299.43432.85b 13.5140.53b  1.90+£0.15b 0.24+0.02b
75 4140. 03be 33+£0.03c 17.8041.64bc  205.334+25.99b 11.00£0.60bc  1.24£0. 11c 0.18=£0.01c
100 344-0.03c 2840.03c 14.4441.55¢  151.07424.45b  9.65+0.65¢ 0.64+0.11d 0.12+0.01d

TE BRI AR E D 22 20k B 3 UCPAT IR, 17 90 B3 AN Rl/NE P B RORTE 0. 05 K F E22 5 ik 3
Note: Means and standard errors are from 3 parallel trials; different lowercase letters for data in the same column indicate significant differences at the

0. 05 level.
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Table 2 Evaluation of saline-alkaline tolerance during germination of 15 alfalfa seeds
b 5T 4 R F(X)) F(X,) F(X,) U(X)) U(X,) U(X,) DAl Hep
Germplasm materials D value Order
Magna Graze 2 1.168 —0.079 1.702 0.821 0. 448 1. 000 0.781 2
3010 —0.803 —0.254 0.770 0. 266 0.401 0.715 0.331 12
4030 —1.537 1.953 1.218 0.059 1. 000 0.852 0.283 14
3% A Hunter River 0.505 0.445 0.473 0.634 0.590 0.624 0.627 5
F5FT Biaogan —0.704 0.716 —0.738 0.294 0. 664 0.254 0. 347 11
ik 401 Muge 401 1. 803 —0.118 —0.051 1. 000 0.437 0.464 0. 860 1
72111 Keshan —1.746 —1.728 —0.709 0. 000 0. 000 0.262 0.026 15
ik w2 2 Ladak Star —0.369 1.154 0. 440 0. 388 0.783 0.614 0.472 8
5 fE 401 Juneng 401 —0.029 0.744 —1.566 0.484 0.672 0. 000 0.465 9
5 Crown 1. 063 0. 580 —1.432 0.791 0.627 0.041 0.692 3
ek 301 Muge301 —0.163 —1.056 —0.687 0. 446 0.183 0.269 0. 388 10
KH—"% Womo 1 0.475 —1.389 1.216 0.626 0.092 0.851 0. 565 6
1 E —% Zhongmu 1 0.743 —0.080 0.035 0.701 0. 448 0. 490 0. 641 4
Z5 € Yunneng 0. 260 0.163 —0.999 0.565 0.514 0.174 0.518 7
“KEK Leap —0.665 —1.052 0.328 0.305 0.184 0. 580 0.313 13
SEA SR . A AR 15 ) 5646 B 4 R R €5 75 R — 8 Womo1 15 20 2

mmol- L~ 3 6% Bl 30 T B & B0 4 1k, o6 AR
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Fig. 1
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BB S  Fh 7 Kk 2R R R TR TR B
HBE CS YR EE T i 2 e 5 Pt %5, 75 mg- L "B 3k
FNWEAE , 75~175 mg-L "X N, Fp 7 & 2 Ko
2551t 56 Bl R o T 2 RE R B0 R 2R SR R B U LA FR R C K 22 5 (P>>0.05) . 755 200 mg- L~ Ab B[R] A7 7 B 3%
5 (P<<0.05),75 mg-L "R BT B 401 2 68 A vw Ll FP 7 (4 & 25 5 258 Bl Bl 38 43 B2 T 25. 496 .65. 0%
M65.5% , K ZFHAETF31.6% .57. 5% F167.8% .
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U B 7 & ZF IR BTG IR B R e TR Bt . Hoh  CSIR A EE Sl 75 mg- LA T 5k 6 20 b S A4 401 A
H A5 T b B 78 ol T 26 R 1 R 2F 1 RS TR T 4R B R i R R R T v LU Y T ) e, Y 0 S A T b vk B Ak 3
(P<C0.05). 55 ER ok 36 A0 b, 75 mg- L' VR B T T 5 6 . o 25 T Ak 6 56 Bl A0 Ja 80 1 114 & 2 46 5000 4 v
1.23.1. 37 F0 1. 26 4% , 1% Jy 45 8053 il $2 /& 3. 23 4. 68 F1 5. 66 1 .

Systematic clustering analysis of 15 alfalfa germplasms

for saline-alkaline tolerance
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Fig. 2 [Effect of chitosan seed soaking treatment on germination percentage and germination energy of alfalfa seeds under saline-
alkaline stress
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Fig.3 Effect of chitosan seed soaking treatments on germination index and vigor index of alfalfa seeds under saline-alkaline stress
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Fig. 4 Effect of chitosan seed soaking treatments on root length, seedling length and fresh weight of alfalfa under saline—alkaline stress
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Table 3 Correlation between various germination indexes of alfalfa seeds by different concentrations of chitosan soaking

treatments
b5 o I V& i 5 18 % R (RS
Index Germination percentage ~ Germination energy  Germination Vigorindex  Root length  Seedling length
(GP) (GE) index (GI) (VD (RL) (SL)

K ZE# Germination energy (GE) 0. 993%x*

K ZEF8 L Germination index (GI) 0. 866%* 0. 870%x*

Wi 7138 %0 Vigor index (V1) 0. 858%x 0. 875%x 0. 887xx

4 Root length (RL) 0. 852%x* 0. 854%x 0. 788%x 0.927%**

T K Seedling length (SL) 0. 781%x 0. 753%x 0. 502%x 0. 689 0. 835%*

i 5 Fresh weight (FW) 0. 790%x 0. 767+ 0. 828%x 0. 882%* 0. 836%* 0. 670%x*

T e RIRTE 0. 01 K P H fit 35 4 G o

Note: “**” indicates extremely significant correlation at the 0. 01 level.

3 itig

AL B AENE i B 2 AR AR F RHEY)  TE R R E PO AR R G h 2 ¢ 2 (HE B SE AR AR W A B 3
T H A A S AR 7 Bl R R R A A R AR RS A, B 32 A0 S DR R e, T R R GRURN TR O S T Ok B
BB E SRR BT IR AR AL B AT AE — o R b R AR B 30 X AR T & T o CS B R
PEREAE AR AR 7= v B 32, RV 0 7 R R T A AR S ARG SR F CS I8 Rl AL B SE AR AE AT
BEP CS 15 S P r — i W], % T2 Pk (8] B 50 HY LA IR L B A Rt 28
3.1 #Hmmpiast IS FRH BT H LAY w

R Wi 38 23 5 e ) X8 7K g3 B R W R AT 0 B R B e e e AR R A AR P B R Y Na il CL 2
BEL 15 4 A 43 24 AR, I S B0 8T [WIEE, & W B Y Na™ 25 % 38 b oAt 2 (40 KO Fn Ca™ ) P= A R 4

52 W R ) Xt At 35 3% 4 S5 ) AT, AT S MR A R E B AR K R e S R O R B RS R I

B4 A B E M TR KSR Bl WK PR E L ZE K, HE TR R i R R O FH R R Y
TEMZ ER a5 MY RS SR E R E 52 BB AR B G208, 4 AR R A K2 B AR bR IR RE AL .
TE b 87 A 91 6), D8 T 5 19 K 251 D0 T R 28 38 2 5 LA BTG ) 8BS AR A L 2 SRR S I 1 S R S
AR M B, R ZEAR B T R T 9 3E ) R/ AR RS R 0.50.75.100 mmol- L Ak i B 36 b B LR 5T 15
B3 5246 5 A& T B AR, e IS AL B A8 Tl 1 1 R 2F 3 R R R SR B S AR B ARG K N e R R
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AE L 35 52 7T e e #3201, B 30 o S8 R A R T 0 405 R AR I 2 R S R M AR5
AR 360 X 4 15y S8 A BT P W K 0 5 o 5 SRR B, 2 R B a0 X S5 A S R B I A

O 50 32 B A (e A o S — A0 S 2R B AR AL AR ) — A 45 LA b 1 AR KR ] PR BR — AR A
il 4> TAT R 9 A S WAL 0 0 6 B A SR S5 AR R0 AR SR R B0 X VR BB Ry 75 mmiol - L B B 38 T S8 AR
T PP 1 & 28 R 2R R ZFIR B TG AR B AR KR B EE AT SR S VAN AT 1R T R B 6 DA A %
SE AT EETE . X 150y 28 46 B A R B EAT S B BB T D (B 0. 026~0. 860, e K B2 4k 401, Fe /N S T 1L
SR T pR AU BR A, 0 B S8 A6 T P 8 )RR B RR /N | 56T T A T R R T e SR )
BE A4 1503 546 1 7 Pl 30 43 g 3ASGE 9, 43 ) Ao it 6 B v A5 it A0 £ B BSORERY L 5 T AL R R 401 AR
i 5 55 [ A4 Magna Graze 2 5 AN (R H —5 P H —*5 (26 ArFF TRk s 2 AL RER VHCIR 301 FIE fig 4015
55 M 24045 3010,4030 FFe il o £¢ b, A HESE 06 B 75 mmol- L' 1% 5 sl e B o 47 20 4k 38, 5 08 5% 1 58 ol A ol
401, v 45 Tirf £k B 2 BB R AR B U T LA S JS S F 5 1 R S A R
3.2 CSEAFA T W18 T RGBT 3 L% R

CS H 2% Bk % P I Pk A BB 1 , CS Ak B B, B 5 il 35 17 B S — )2 R 28 ) W, 3 22 6 T A 2800
A AT A T TR T 00 K RS R, CS RE % 1 Y A M B B T i AR 1 5 R R AR 6 A R
A 3 R AR L W N T SR 9 R B, VR B R 50 mg- LAY CS I8 Al b B AT A5 &L e 42 #F 100 mmol- L
NaClJpian F ([ = FhF il & R iR . EREME ORI, MR 0.3% ) CS B Fh AL #1742 #F 150 mmol-
L' NaCl Jfpie T {2 J& 08231 Fl/IME 986 W5 A~ /N 22 (1 B 7 W] & A4 v 2B 1 AR fe fE o Saadat % 0 9% & 4
0. 75% CS 4b B i Fh T 76 TR BRI 38 5518 T B9 R B T 0. 25% 10, 50 % CS kb B Fl 7, BEAS 35 45 2504 % i 21 3
WA AF . Hidangmayum 28 858 2 0 @ i3 CS Ff 1 51 & Ab B AT X 48 5 ( Vigna radiata) 3E N JEF7 R,
T 98025 1 A 0 30 X S AR R RS e AR G 25 SR R B AN )R B 1) CS IR A AL B AT LA R0 B R B 3
3B E AT & fE S, X 5 MR RN H CS IR Rl AL BEK R (Oryza sativa) FIBFFE 45 AL . (H24 CS
VB o i B ST 43 BRAIG 3 0 SR K E R 4 UK ZE R AR, SR B E R R 3 ) AR SR R
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e 195 288 W T s R B 0 A O i 0T P A R BB R b, DA B A BT v o BRI, R R B 1 CS R e U X
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AN T 25. 4% .65. 0% F165. 5% o Z=/NFA R B BE R 0. 15% (@ VR FE ) 1) CS 1 Fh b LR, A 2 44
Az 23600 50 Ll B S 36 Ak B g 22, 6 R 24, 1A 40 0 A IR IS 25 R 5 T — B0, & 2F 4R BUORE Al S e Al
TR ZE I S RE RN SRR T ) 48 B8 A T Hb R MR T 09T 0 KT SR RR R BURP 19 & 2R CSHRBE R 75 mg-
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CS E A b #1158 5 2 02 1 3 Bl Joih 38 R 2808 B 18 Fh 7 1 i & AR, 3 S CSTEA L b 14 28007 FH AT A 78 R B b 11
A B PR AR A T

4 &R

L5 bR ZEVR B S 75 mmol- L AR BRB A T, R[] BE Y CS 15l Ak 2 8 I 0 0 B W 36 XT3 47 58 4K 1 4 P T
W7 & B I VE T, Her W B R 75 mg e L CS I Ak 3 X ok e e 5 T Sl e A 6 A AR R R A R R B R Y
e HERCR e F I RT DL L AR CS 12 il b 3 R 6% 7 5 % fige AR B0 300 X 58 4K Y S R R B AR . AR S
S T, 5 A6 A R B AL T S B (EUAR DG AR 7 DK R e B 3 M B RORATY o E— WY
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