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Comprehensive evaluation of radish seed germination characteristics

and drought resistance under PEG simulated drought stress
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Abstract: To investigate the effects of drought stress on seed germination characteristics of radish and screen varieties
with strong drought resistance, this study used 24 radish varieties as experimental materials. Distilled water treatment
served as the control (CK), while drought stress was simulated using PEG-6000 solutions at concentrations of 5%, 10%,
15%, and 20%. Seven drought resistance evaluation indicators, including relative germination potential, relative germina-
tion rate, relative germination index, relative vitality index, relative root length, relative bud length, and relative fresh
mass, were compared across treatments. The membership function method was then used to comprehensively evaluate
drought resistance at the germination stage. The results showed significant difference among PEG concentrations, tested
varieties, and their interactions. PEG stress at 5% and 10% had minmal effects on germination potential indicators such as
relative germination vigor but promoted relative root length, relative bud length, and relative fresh mass in most tested rad-
ish varieties. In contrast, 20% PEG stress significantly inhibited seed germination and growth. Therefore, 15% PEG was

identified as the appropriate concentration for evaluating drought resistance during the radish seed germination stage.
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Comprehensive evaluation using the membership function method revealed that the top three varieties with the highest

drought resistance at the germination stage were L17 (Chunmeili), L06 (Qingfeng 803), and L19(Shengcui No. 1), with

comprehensive evaluation values of 0.747, 0.654, and 0.653, respectively. Based on the comprehensive evaluation value

from membership function method and cluster analysis, the 24 tested radish varieties were classified into four groups ac-

cording to their drought resistance at the germination stage. Among them, red-fleshed radish varieties generally exhibited

strong drought resistance. These results provide a theoretical reference for the introduction and cultivation of radish and

the selection of drought resistant radish varieties in semi-arid areas.

Key words: Radish; Seed germination stage; PEG stress; Drought resistance; Comprehensive evaluation
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Table 1 Information of 24 tested radish varieties
AT A gt et VL TR g R
Variety No. Variety Origin Type Variety No. Variety Origin Type
Lo1 4k 1 5833 o [ L AR A L13 WIS o [ AR SR
Lifushi 5833 Shandong, China  Green radish Fushuai No. 2 Shandong, China White radish
L02 T—5 rhE R L14 LHEESEE B[ SR
Yamei No. 1 Gansu, China Green radish Hanbaiyuchun Republic of Korea White radish
L03 gELTS T AR A L15 WALE A SR
Liifushi No. 7 Shandong, China  Green radish Xinbaiyuwang Beijing, China White radish
L04 H 54 HE AL e L16 RSN rhE bt AR
Junchuanjingfu Beijing, China Green radish Manchunhong Beijing, China Red radish
L05 XHFNE—5  HELZR R L17 M SHESHIR] ARVE N
Yiheqingcui No. 1 Shandong, China ~ Green radish Chunmeili Hebei, China Red radish
LO06 % 803 hETE (A L18 O HL3E H AL ARVl
Qingfeng 803 Ningxia, China Green radish Xinlimei Beijing, China Red radish
L07 A i Wb L19 A5 o AR ARV )
Zhaofu Republic of Korea Green radish Shengcui No. 1 Shandong, China Red radish
L08 EE2T o A AN L20 BE=S SR 0% b
Jiamei No. 2 Beijing, China Green radish Shengcui No. 3 Shandong, China Red radish
L09 7 388 o L AR KRE b L21 LS SHEEHIE NS NN
Shengqing 388 Shandong, China  Fruit radish Benhong No. 2 Shandong, China Red skinned radish
L10 HIS L AR HRRE L22 HL—5 L P AN
Shengging No. 5 Shandong, China  Fruit radish Chunhong No. 1 Shanxi, China Red skinned radish
L11 EEEER EHESHIPN KRE b L23 B —5 SHEHIPN AN
Degaobaoyu Shandong, China  Fruit radish Shengjinhong No. 1 Shandong, China Red skinned radish
L12 BE—T SREIE SR L24 AR b SHEHIP AN
Fuying No. 1 Shandong, China ~ White radish Fast-growing cherry radish Shandong, China Red skinned radish
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Table 2 Variance analysis of radish seed germination indicators under different concentrations of PEG stress

F {8 F value
TR FHXT R 2 A R 2 AN R 2 AHXFE A AR AEXT 2 A
Source of variation XA XA E‘: -~ E”‘ ! X XS5 EE\.V
# RGP Z RGR 8% RGI R RVI K RRL K RBL Jii & RFM
PEG ¥ PEG concentration(A) 2 975.94%%* 822.17%* 3 269.66%* 4465.43%%  828.19%%  5877.82%* 1] 984.56%*
Z AT Test varieties (B) 9.01** 9.07** 25.09%%* 45.20%* 9.53%* 56.46%* 11.17%*
AxB 4.43%% 6.65%* 6.827%* 9.27%* 2.87%* 7.90%* 6.25%*

VE R RIRAE 0.01 K ZE RN .

Note: ** indicates extremely significant difference at 0.01 level.
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Table 6 Membership function value and comprehensive evaluation of 24 radish varieties for each index

SAhge B EUE Subordinate function value P ST

Variety AR RIFR AHRRES M RIRE AIRIE TR R MDOARK AR XA Comprehensive izi
No. RGP RGR RGI RVI RRL RBL RFM evaluation value

Lol 0.57 0.48 0.52 0.46 0.61 0.55 0.38 0.507 11
L02 0.72 0.47 0.54 0.45 0.29 0.42 0.30 0.442 18
L03 0.53 0.43 0.50 0.42 0.47 0.49 0.39 0.459 16
L04 0.63 0.71 0.87 0.67 0.73 0.50 0.32 0.610 6
LO5 0.82 0.67 0.81 0.46 0.46 0.24 0.43 0.531 9
L06 0.86 0.45 0.66 0.77 0.61 0.67 0.59 0.654 2
L07 0.78 0.72 0.69 0.38 0.64 0.37 0.24 0.523 10
LO8 0.54 0.57 0.50 0.35 0.25 0.45 0.31 0.411 21
L09 0.75 0.73 0.66 0.52 0.39 0.39 0.11 0.477 15
L10 0.62 0.57 0.73 0.46 0.46 0.48 0.33 0.505 12
L11 0.84 0.69 0.88 0.63 0.56 0.40 0.65 0.650 4
L12 0.00 0.22 0.34 0.35 0.06 0.18 0.20 0.188 23
L13 0.50 0.27 0.45 0.45 0.36 0.65 0.39 0.442 17
L14 0.73 0.53 0.71 0.49 0.53 0.34 0.30 0.499 13
L15 0.57 0.71 0.53 0.30 0.47 0.33 0.58 0.496 14
L16 0.77 0.62 0.66 0.45 0.74 0.45 0.47 0.583 7
L17 0.97 0.70 0.55 0.49 0.71 0.95 0.78 0.747 1
L18 0.84 0.69 0.56 0.61 0.69 0.40 0.73 0.642 5
L19 0.86 0.70 0.58 0.49 0.77 0.52 0.65 0.653 3
L20 0.76 0.81 0.41 0.35 0.69 0.50 0.35 0.545 8
L21 0.43 0.65 0.45 0.40 0.35 0.38 0.27 0.406 22
L22 0.68 0.59 0.56 0.42 0.31 0.29 0.26 0.423 20
L23 0.52 0.56 0.51 0.25 0.50 0.37 0.32 0.425 19
L24 0.26 0.04 0.13 0.00 0.12 0.00 0.14 0.095 24

LO6.L11.L16.L18 A1 L19 3t 6 % N §hfh, L4 1F
Al IR N 0.610. 0.654. 0.650+ 0.583. 0.642 £l
0.653, Bl 189 K IAHT F 1 HE 7 S 5 s BB AL 5
LO1.LO02 %5 15 N3 N Fl, 55 VFAM B 7E 0.406~
0.545 , Ut 13X 28 i fh Fl 7 05 R T 0 — A SR TV
HBEE S L12 AT L24 1X 2 N8 N S A, 86 VR E
535129 0.188 F1 0.095, it FPEHEF v 23 F1 24, 5%
BIX 2 ANE N SORROR i BN T R U . W
NRBRE, 408 NEM T 1 & TR 1% 54
TR, A NATE S D PR AR e — i, A
R B MR AR X A5 .
3 WwhH4iw

VEA T~ 15 R 3 A 6 7K 43 75 R R RO ST 9,
SEVE VR P b 51 5 55 1) DS B 1T, ZE X 24
NS E N 7 BT R bR AT 07 2 0 b, 4
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iR 2 AR L 2 . 5 A 2 ot )
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Fig. 1 Cluster analysis of drought resistance of tested radish varieties during seed germination stage
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