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Effects of space mutagenesis on the growth of alfalfa (Medicago sativa) seedlings
under PEG-6000 simulated drought stress

ZENG Yan-xia, CHEN Zhi-long, SHANG Ji-hong, SHA Xiao-di, WU Juan, CHEN Cai-jin*
Guyuan Branch of Ningxia Academy of Agricultural and Forestry Sciences, Guyuan 756000, China

Abstract: The aim of this work was to explore the effects of space mutagenesis on the growth of alfalfa (Medicago
sativa) seedlings under simulated drought stress. An experiment was conducted in which 14 mutated and 14 non-
mutated alfalfa materials were treated with polyethylene glycol 6000 (PEG-6000) to impose drought stress or with
distilled water as the control. Growth-related indexes were measured for all the plant materials, and the membership
function method was used for multivariate data evaluation. The results showed that the plant height, base stem
diameter, root length, fresh weight per plant, leaf area, leaf circumference, leaf length, and leaf width of most

materials was lower under drought stress than in the control, whereas the SPAD value was higher in the drought-
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stressed plants than in the control plants. Compared with the non-mutated materials, the most mutated materials
showed lower levels of inhibition under drought stress, and higher SPAD values. With the exception of plant height,
the growth indexes of mutated Juneng 7 were significantly higher than those of its non-mutated counterpart (P<<C
0.05). In addition, the base stem diameter and leaf length of mutated WI.354, the leaf area, leaf circumference, leaf
length, and SPAD value of mutated DS310FY, the leaf area, leaf width, and SPAD value of mutated Yanbao, the
leafl area, leaf length, leal width, and SPAD value of mutated W1.343, the leafl length and SPAD value of mutated
Gannong No. 3, the leaf width of mutated Huangguan, and the SPAD value of mutated Zhongmu No. 1, Nanmu
501, and Adina were all significantly higher than those of their respective non-mutated counterparts (P<C0.05). The
base stem diameter of Adina, fresh weight per plant of Gannong No. 6, leaf area, leafl circumference, leaf length of
Gannong No. 4, and leaf width and SPAD value of WL354 were significantly higher than those of their respective
mutated counterparts (P<C0.05). We conducted a membership function analysis based on the growth indexes of the
materials at the seedling stage under drought stress, and obtained a comprehensive score for each material. The
average scores of eight mutated materials (Gannong No. 3, DS310FY, Juneng 7, Nanmu 501, Huangguan,
Yanbao, WL343 and Adina) were higher than those of their non-mutated counterparts. These results indicate that
the drought resistance of these eight materials was improved by space mutagenesis.
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Table 1 The optimal concentration and time of PEG-6000 simulated drought stress for each material

=2 R 2 R K145 #1 KL Unmutagenic materials %545 #1 £} Mutagenic materials
Serial number Material name i e Wi i o W 9 1
Stress concentration ( %) Stress time (h) Stress concentration (%) Stress time (h)
1 $k Jinneng 30 2.0 30 2.0
2 HE 1% Zhongmu No. 1 30 2.0 30 2.0
3 4% 345 Gannong No. 3 30 2.0 30 3.0
4 WL354 30 2.0 30 2.0
5 DS310FY 30 2.0 30 3.0
6 ‘H4< 6% Gannong No. 6 30 2.0 30 2.0
7 H4¢ 4% Gannong No. 4 30 2.5 30 2.0
8 1 E 35 Zhongmu No. 3 30 2.0 30 2.0
9 [ fi£ 7 Juneng 7 30 2.0 30 3.0
10 B H 501 Nanmu 501 30 2.0 30 2.0
11 £ 55 Huangguan 20 2.0 20 2.0
12 £h% Yanbao 30 2.0 30 2.5
13 WIL343 20 2.0 20 2.0
14 B3t 498 Adina 30 2.0 30 2.0
2 HERS59MW

2.1 KR=FEAPEG-6000 48 F FMia FRILE B E KRG 0

HT P 1 AT B Bt 506 475 A2 A RE AN, T 5 0 AL BEREAR T A AR BR R, R AR TR 15 WL354,
DS310FY | Buf it 46 A5 A8 b4 kL b 2 i L H A 345 \W1L343 43 5l 5 %) B 25 57 g 3% (P<<0. 05) . TRt b5 5748
MOELSIRE 35 (ELRE 7 B WL343 Bl el Bk v A 75 AR B ORL L 25 R GA B K- (P>0.05) .
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Fig. 1 Effect of space mutagenesis on plant height of alfalfa materials at seedling stage under PEG simulated drought stress

1:#)BE Jinneng; 2: 1 1% Zhongmu No.1;3: H 4 3% Gannong No.3;4: WL354;5:DS310FY ;6: H & 6 %7 Gannong No.6;7: H 4 4 % Gannong No.4;
8: "1 345 Zhongmu No.3;9: F fig 7 Juneng 7;10: B £ 501 Nanmu 501;11: 2 5% Huangguan;12: 35 Yanbao;13: WL343; 14 Bl 45 Adina. {03k
5 A8 7 A8 B ORE T 5 3 Ak B HCR N 28 1R K A Ak 3R] 25 S 1 3 (P<<0.05) , KRR ICIRER EF AR . TR . * represents the significant
difference between drought stress treatment of unmutagenic or mutagenic materials and the corresponding distilled water blank treatment (P<Z0.05), and

unlabeled represents no significant difference. The same below.
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Fig.2 Effect of space mutagenesis on base stem diameter of alfalfa materials at seedling stage under PEG simulated drought stress
HA R T S W38 Ah PR S AR5 AR A AR bR} R] 25 5 83 (P<<0.05) . ARbric bR 2ZEF AR E . TR, # represents the significant difference between non-

mutagenic and mutagenic materials after drought stress treatment (P<C0.05), and unlabeled represents no significant difference. The same below.
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Fig.3 Effect of space mutagenesis on root length of alfalfa materials at seedling stage under PEG simulated drought stress
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Fig.4 Effect of space mutagenesis on fresh weight per plant of alfalfa materials at seedling stage under PEG simulated drought stress
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Fig.5 Effect of space mutagenesis on leaf area of alfalfa materials at seedling stage under PEG simulated drought stress
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Fig. 6 Effect of space mutagenesis on leaf circumference of alfalfa materials at seedling stage under PEG simulated drought stress
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Fig. 7 Effect of space mutagenesis on leaf length of alfalfa materials at seedling stage under PEG simulated drought stress
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Fig. 8 Effect of space mutagenesis on leaf width of alfalfa materials at seedling stage under PEG simulated drought stress
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Fig. 9 Effect of space mutagenesis on SPAD of alfalfa materials at seedling stage under PEG simulated drought stress
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Table 2 The subordinative function values and ranking of growth indicators of each material

R4 FR B8 bR PR EUE The subordinative function values of each index Hey
Maerial name PR OREE MK RHSE shmR sHAK nRK 0P SPADf iy Renk
Plant Stem  Root Freshweight Leal Leafcircum- Leaf ILeal SPAD  Aver-
height  size length  perplant area ference length  width  value age
#BE(FFEAE ) Jinneng (unmutagenesis) 0.3796 0.5000 0.6830  0.4362  0.6426  0.6409  0.5480 0.7293 0.6881 0.5831 1
ik (F7 ) Jinneng (mutagenesis) 0.3981 0.5167 0.7054  0.3253  0.6740  0.6339  0.5296 0.7178 0.7423 0.5826 2
HE 15 (K578 ) Zhongmu No. 1 (unmutagenesis) 0. 5833 0.2900 0.6696  0.3909  0.5050  0.7452  0.6001 0.7310 0.4518 0.5519 1
T 15 (78) Zhongmu No. 1 (mutagenesis) 0.3241 0.0000 0.6741  0.2840  0.5713  0.4923  0.4369 0.6486 0.7179 0.4610 2
H4¢ 35 (K572 ) Gannong No. 3 (unmutagenesis)  0.3796 0.3033 0.5893  0.1636  0.1070  0.2146  0.2053 0.2618 0.4286 0.2948 2
4 35 (7% ) Gannong No. 3 (mutagenesis) 0.3194 0.3067 0.8036  0.2572  0.3916  0.3909  0.6266 0.2773 0.9982 0.4857 1
WL354( K75 )WL354 (unmutagenesis) 0.1574 0.1867 0.5357  0.3086  0.1887  0.1665  0.2244 0.3735 0.8774 0.3354 1
WL354(i7 )WL354 (mutagenesis) 0.0417 0.5367 0.4286  0.1379  0.2283  0.2846  0.4820 0.2551 0.5982 0.3326 2
DS310FY (17 )DS310FY (unmutagenesis) 0.0046 0.4367 0.3884  0.4568  0.0583  0.1725  0.2536 0.0188 0.4869 0.2530 2
DS310FY (342 )DS310F Y (mutagenesis) 0.0000 0.5567 0.3482  0.4444  0.3102  0.5240  0.4466 0.0132 0.9256 0.3966 1
H4& 65 (%48 ) Gannong No. 6 (unmutagenesis)  0.1296 0.4633 0.4866 ~ 0.2531  0.2046  0.1327  0.2286 0.3298 0.7595 0.3320 1
4% 65 (157 ) Gannong No. 6 (mutagenesis) 0.0972 0.4900 0.6161  0.0021  0.2931  0.0000  0.2224 0.2695 0.6077 0.2887 2
H 4 45 (Ri%48 ) Gannong No. 4 (unmutagenesis)  0.3657 0.3667 0.6384  0.1975  0.3512  0.6418  0.6159 0.5641 0.2750 0.4463 1
4 45 (%48 ) Gannong No. 4 (mutagenesis) 0.0787 0.4433 0.4598  0.1523  0.1554  0.2574  0.1833 0.3336 0.2548 0.2576 2
T 345 (R %74 ) Zhongmu No. 3 (unmutagenesis) 0.5046 0.5567 0.9688  0.7160  0.4538  0.5482  0.5814 0.6316 0.2899 0.5834 1
HE 345 (48 ) Zhongmu No. 3 (mutagenesis) 0.5556 0.4233 0.9554  0.4177  0.4486  0.4732  0.4339 0.4807 0.4720 0.5178 2
[ BE 7( A 5728 ) Juneng 7(unmutagenesis ) 0.2824 0.2633 0.3705  0.3827  0.4085  0.4152  0.3420 0.4738 0.3863 0.3694 2
Fi fi 7(3%7% ) Juneng 7 (mutagenesis ) 0.4907 0.7000 0.8750  0.6790  0.7677  0.8753  0.7086 0.6610 0.5327 0.6989 1
B 5011578 ) Nanmu 501 (unmutagenesis) 0.2593 0.5000 0.6429  0.1965  0.0000  0.1991  0.0196 0.0434 0.2732 0.2371 2
R & 501(3%7% ) Nanmu 501 (mutagenesis) 0.1343 0.6167 0.5357  0.1029  0.0220  0.2395  0.1432 0.0012 0.5292 0.2583 1
556 (K% 74 ) Huangguan (unmutagenesis) 0.4120 0.5933 0.8259  0.6996  0.4688  0.4542  0.3330 0.5510 0.6256 0.5515 2
5158 (578 ) Huangguan (mutagenesis) 0.5139 0.7133 0.7723  0.7130  0.6364  0.5256  0.6009 0.7634 0.6643 0.6559 1
45 (R%E7F) Yanbao (unmutagenesis) 0.5417 0.5400 0.5670  0.3673  0.3667  0.4168  0.4315 0.4002 0.4708 0.4558 2
45 (#5748 ) Yanbao (mutagenesis) 0.5000 0.5700 0.6161  0.6276  0.7605  0.5502  0.6685 0.7549 0.6756 0.6359 1
WL343( K75 ) WL343 (unmutagenesis ) 0.3171 0.6100 0.3884  0.4516  0.3550  0.2812  0.2210 0.3473 0.3524 0.3693 2
WL343(i%7% ) WL343 (mutagenesis) 0.4861 0.5600 0.5580  0.4321  0.5465  0.4333  0.6330 0.5391 0.5762 0.5294 1
T 38k 415 (1757 ) Adina (unmutagenesis) 0.0278 0.6833 0.1027  0.3230  0.1813  0.0780  0.0000 0.2440 0.2429 0.2092 2
9T 38k 45 (%578 ) Adina (mutagenesis) 0.2083 0.4133 0.1339  0.3539  0.2830  0.1080  0.2183 0.0500 0.5274 0.2551 1

3 itit

KGR R A K AT SIS EZE RN 7 YR T R e, E R oK HE T
RAET- B AR R T R0 2 S 8o Jr 2255 " B S A YE IR KBRS TR, BRI F R
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AL X6 T 52 g i oy AS (] AR 98 X6 14 1) K25 1578 Al 14 40 A5 748 SR A6 B 16 A1 8L PEG-6000 3 i E 17 ik 36, 4%
IR BRI AE R I 7E AN [ v R R ) 5 AN ) AR B 2 85, DR 0 B BHTE 3026 19 PEG-6000 %W 38 2 h sz 31 1
FR M T S 5E  WL343 1 A 75 A8 A AR R AE 2026 19 PEG-6000 ¥ WM 2 hUgs T 5 it o R Ay 73 4
FIH PEG BT 5 1038 PRI, X 23 1 S5 46 & 4 B 53 M4 B} i ﬁﬂrqi@l_??leﬂ A5 L AN [R) 1% 58 46 4 B b R
W 107 7% A 30 B AN [ ELAS ] ) 2 G PEG-6000 35 0 W5 38 e BE S 1500, 3 1] BB 5 BF 58 4 R b ek ofe U 2 ek 345
AR G, ARFFIEIE KB, T 5 W 38 Ak RS [ 2 B2 3 B3 AR 1 4% A4 RE 9 i 10 B i LG L e R 58 45 i B S
FROEAE b5 o AHOCHE bR T B2 B T T 55 R i it R 255 T 80, 10 A [ A4 R T 25 R DG REAE 48 A5 R — B0 1E J2 156 B
T [ A 2R AR A R SR R 1 R A R BN IR o R e R AE RIS AR WY, T SR E TR R ER A A b T 4
AR AR T R A A 52 B AN [ R AR T X S A A R S e AR X SN AT Y T R B AR
TR MR R RE R AR RN R R S5 R 5 AH—B AN SR 6 O AERHI AR KRN 2 0 AR bk
fif 7 2% T S0 S RO TR R XS TR SR AR AR I B ST A R — B A BT T RE R AE W T8 o R0 AR R K R KT
T ER A BB R A AR BRGSO 19 07 sCWOR E] . BIESE R B AR Y 6B 1 AR T I £ 2R X O BB 1 W
W, T 5 I 38 AT A P A TR A5 A BB IR T B SRR A R T DL A R S R — i PR EE R BT
WAL 0 T R (AR 0 BRI AR R B, T R a1 AR TSR R AR B R R A AR
KR T 205 AR R SRS S ZA 3 X A3, v e S T 5 40 38 0 /8 B A ¢, At
FEH ] PEG-6000 ¥ W A5 48 1 57 Joih 38 428 50 B[] ¢ 60, L R 40 7 260 EF [ JR 7 1 52 , in B3R R R T B AR T 5
P AR 7 d R R B W A R R T S A T I g 3R 8 TR T R R PR e T R A R, T
F I [] (1 T 52 AT BRI R AR R A M s B, R BO R N, AR R W] IS B T R AR R R T
Mo =42 (Picea mongolica) W4 28 & 5 XA IE AR B0 T 3R 004009 AT e PE

S RAEYIRE L, RESSAE W 00 23 (0] 175 72 35 FhoRE G I, (5 Bl 07 28 05 48 T B0 o BRI RO B 2 1 R A
VIRZFEAE M H R Z B EM ™, i & BT T 28 A X215 8 (Onobrychis viciaefolia) (i 1&g MU 4T
N (Astragaius huangheensisi) 3 B B 5 () 82 W) o T B0 S0 % A0 K5 48 85 #5015 3 2% 3¢ (Festuca arundinacea
Qiancao No. DB ZREMEHEATIFSE o A LI A I PEG-6000 A5 481+ 5 i 381 R85, X6 2020 4F 2 MK AR5 201
L4 0y S AE S A B AR AR AR b AT TAE9T . SRR, 5 RB A B I, M- BB A& REH LR, 1%
fiff T 5B 38 3 BOM A R AR bR 1Y T B TR E TR X SR R B i 0 Tk R o MRS SRR S . WELRE 7B M
BE, TR R AR BBk i AR SR AORRE G SR R R S R TR A AR R A AR R T
PRECHT T S W Be Jy . EAE S BRI, 28 5 AR 5 7R A AR G R R A BB R R L A
WS RS 2 —8, [HAMTE T, TR0 5 fE A A 45 T AR RS R G, T A 6 5 B bR ff o
WL 354 I G FIAH XS i & 3% 1% 289 8 25 1T HOR B 2R B4R, B0 W R 2= 5 248 BLAT BEAILAE , AT DL B ) A 728 S5, ol
AR AR 5 o A 35 45X 58 26 5P (Festuca rubra) 73 [R5 45 SPAR SRR A4 R [E) A 25 MR 1 48 S EA 74007, &

23 F) 5 0 5 58 320 B R 0 s T IR (R PR AR e L W] I TR B SR R SO SR X A W e R R AT
,/T.qﬂ:fﬁ'\ﬂ'lﬁxﬁlﬁ/jézg 5 By AT 50T SR R S0 O 3 TR R Y S AR T A BB R . A SR SR
JBRBOE LA TR, TR T H R 35 \DS310FY (FLAE 7./ H 501, 25k Ak 58 W L343 1 B 3t 4 i 8 1y
AR R 25 P58 MR K AR bR 25 6 PR BCHOR B A2 A Rb i BRI AR AR FR R L 31X 8 A1 B 28 K 25185 78 J= i 5
PERETS B $E T .

4 it

TEARRE: 5 F , 4 PEG-6000 T 2238 J5 , B4 35 \DS310FY . E#E 7.7 & 501, 2 & 35 . WL343 Fl ]
TR IX 8 173 B4 Ak B K 25 15 A8 M B A K F8 AR 5 B AN S H R B A M R s, BB A K F8 A5 R L X S I B Bk 4 R =
A G i SRR AR 2 T
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