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Table 1 Cauliflower materials tested and their parental origin

At il AR BEI A
Varieties Original of material Type of material

Al FAFE 120 K Songhua 120 day ENEA

A2 —fR# R Yidaishenliang NES

A3 5 108 KX Xueguan 108 day ENES

P1 —A4:% 50 K Yidaijinguang 50 day EEEA

P2 JEITHAE 65 K Xiamensonghua 65 day B3 &

P3 ¥A4E 80 K Songhua 80 day EEE

P4 #A3% 80 K Songmei 80 day EEEA

P5 4L 80 K Zhanghua 80 day HAE &

P6 S120 A&

P7 % 80 K Wenxing 80 day EEEA

P8 _EH#E4E2E 80 K Shanghai 80 day SR

P9 FIJEFF K 60 K Shenlongteda 60 day [ERrEA
1.2 WRImFAE
1.2.1 PEG #FFphia s g3k 4 b

LRI O(CK) 100,150 F1200 g-L™' PEG ( FHAZE1E K
1 PEG6000 FC il ) o eI 50 RLiRL AR ¥, & F HisE
15 mL A[EHESE PEG #BIR A A 5 E oK
ACM 2 JRUEARAY IR AR 9 om) W, 3 1SR ML
Ja VBT 25CHIRE Ll R = 12:12) Pig LR
7 do RABELX AT, R4 3 IRER
1.2.2 RN E  BRGEERIFHFTE S 3
KRGt & 23 ( germination rate, GR) , % 7 KELiT &%
K ( germination percentage , GP) | JF-FENLEL 5 #RA4EHK 7 d
B %) ¥ I 2 7 5 (seedling height, SH) 4R 4 ( root
length,RL) & A2 5 BRI 4800 6 4 B0 2053001
TR L ZEH K ZER K 2550 ( germination index,
GI) 0 J146 %8 (vigor index, VI) .

REFF =53 RAFR B FEFE<100% (1)

KRR =T REFMFE/FEMEx100%  (2)

KRR 3 G/, (3

G 1385 =MKx X G,/D, (4)
K, G5 0 RRZEF TG D, A & 1R
IR 2 300 ) 3 B X & 2 R (relative
germination percentage, RGP ) | #H XT & ZF # ( relative
germination rate, RGR ) . #H X & Zf 48 %0 ( relative
germination index, RGI) | A X i 77 45 £ ( relative vigor
index, RVI) . #H X} 7 & (relative seedling height, RSH)
FIAAXT AR K (relative root length, RRL) :
RGP = (AR 2 /X IR 2856 ) x100% — (5)
RGR = (bR ZF 85/ X IR 285 x100%  (6)
RGI= (AbFHK ZF 4880/ % IR ZF 1680 < 100% (7)
RVI= (AbFRIE S 45550 % BTG 14840 x100% (8)
RSH = (4b B /4 JEHT 5 ) X 1009% (9)
RRL= (AbFEAR K/ %] BEAR K ) x100% (10) .
L3 MEUERETN
FERIR A1 RL B & 0 1 PT R I 25 R 5T
SRR A Wy ke IRAR (1) 1
B AEHE R RV BE PEG 1A T RGP .RGR (RGI .
RVI RSH Fl RRL {1 FLA S g ki 4 1
X - er'/l
X = X —x_ (11)

max min

A, X HE— S8R I EAE ; X, X, 20 3R
AR Y B KA R R/ MEL

HK B BBV A FIRE PEG Wi B iy A
J& PREE R IR 4= IR (12) 115

2 X

X, X i B G R RR 0T SRR SR s n
PEG W IR R CR SR

SR FRIRA A (13) TR AR ME 22 RV, P4 R
A1) HHHERCE R W, 5B A R (15) 115
FEAFHRIT A TR ZE A VENME (D), D BB, %
IRPU MR | 2 BT RS

JZ [Xun - X(fﬂ}z
v, = :

X

(12)

G =

(13)
X(zjf)
4
W, =— (14)
2,
1
J
D=3 [X, xW] (15),
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il

X 12 A FERRSERH S RL 3 A~ PEG ¥ B2 AL BT A
RGP .RGR ,RGI RVI .RSH Fl RRL 6 ki1 7 2
Srfir. R 2 AIAL, BA 6 MRARTESS T SR Al fi] |
PEG Ml #e I 22 [0 A Kb A4 ek x PEG. Jiip a6 4 J8E 2 i)
PR B2 5

&2 PEG BME TR EMBFHFHEMGEERBTESN

Table 2 Analysis of variance on seed germination and seedling growth of cauliflower materials under PEG stress

7 5 Sfe F{H F value
Source of variation RGP RGR RGI RVI RSH RRL
Jb P Treatment 243,62 238.87 " 285.18 " 64.11* 68.29 31.70**
BhFiAT R Germplasm materials( A) 47.69 39.01* 50.37 " 20.26* 16.23 ™ 14.71"
PEG #J¥ PEG concentration(B) 3 754. 48" 3 790.70 461562 938.69 ™ 1.062.55™ 417.59*
FhE A BIXPEG He 22.42* 15.90 ™ 8.92* 6.53* 3.93* 5.10™

Germplasm materialsXPEG concentration ( AXB)

T FRERMEE (P<0.01), T,

Note; ™ indicates extremely significant difference at 0. 01 level. The same as following.

2.2 PEG BHMEXTE£#3E RGP 1 RGR KR 0E
fIE 1 Al ZEREIR (CK) 614 F, 12 NS EHR S A
JAT R R & 2 ME R 99. 0% , 22 AL 1R B2 Ry

A 1000

RHEE GP/%

92.0 4

0_
Al A2 A3 P1 P2 P3 P4 P5 P6 P7 P8 P9

Al Varieties

B 1000 4

96. 0% ~ 100. 0% , K& % #F-F{E R 98. 7% , 25 Ak i
N 94. 7% ~100. 0% , SR 12 A AEHESEFh A4 K
WA R A O RAF

96.0 1

94.0 4

EHH GR/%

92.0 4

0.0 -
Al A2 A3 Pl P2 P3 P4 P5 P6 P7 P8 P9
#h Varieties

1 WREGTRMENRFEMRFR
Fig.1 The GP and GR of cauliflower under CK

i 3% 3 A ARRIRE PEG A T, Br A AL IR SE
() RGP 4 Bifi 5 1 52 W30 119 1 o 52 B I B %, 100
g-L7" PEG X5 AEMESE ) RGP S MRAS K, B 2 %451
R 1 & A fE#EVE T, RGP 7E 97. 3% ~ 102. 0%
Z[A];150 g-L™' PEG Wl T, fEHR=E A RGP 224k [l
1E 73. 3% ~99. 3% Z [i]; P3 . P6 1 RGP ¥4, 43 )
41 98.7% 1 99. 3%, P9 ) RGP 1K, K 73. 3% ;200
gL' PEG WHET , 25 46 MBS - 87 & 0] 52 3] ™ 51 417
il , P9 ) RGP Ak, {1 N 1.3% ,P3 il P6 fc i, K

58.0%., 1iHH P3 P6 i 5,

AEVEEE PEG Whif T, Bt A AL =2 44 8HE RGR
Bt T 5 e (Y 15 5 IR 2 B AR A, 100,150 F1 200
g-L™' PEG Ji}38 F, RGR 7B 4L [l 43 51 2 86. 6% ~
101. 4% .36. 6% ~100. 0% 1 0. 0% ~15. 3%, 100 g-L'
PEG fif1 i1 7, A1, A3.P1,.P2 P3 P4 P6 P7 P8 Y
RGR ¥ & & F A2 .P9;150 g-L™' PEG Wrifi F, AL,
P3.P6.P7.P8 ) RGR # & & = F H Ath #4 Kl 200
gL' PEG AT, A2 A3 P9 Fl 1 K8 &, HoAth 44
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BHI RGR AL AR X &I, Horh P3 AL 8, 4390 0
15.3% K1 14. 8%, 18] 100 g-L™' PEG ki X AE B3
Tl -8 & SRR, T 150 ~200 g- L' PEG ki s
JEE AR R, BRARR TR 2R

%3 PEG BMEXTEH3E RGP 1 RGR BT
Table 3 Effect of PEG stress on RGP and RGR of cauliflower

PEG # ¥

LA i PEG concerntration/ (g+1.”")
Indexs Varieties
100 150 200
AN & 2E % RGP/ % Al 99.3abcA  95.3abB  44.7hC
A2 98.0bcA  85.3cdB  2.0fC
A3 98.0bcA  87.2bcdB  2.0fC
Pl 99.3abcA  96.0abA  12.0deB
P2 102.0aA 88. 4bcdB  12.7dC
P3  100.0abcA 98.7aA  58.0aB
P4 100.0abcA  80.7deB 8. 0defC
P5 97. 3cA 85.1cdB 3. 3efC
P6  100.0abcA  99.3aA  58.0aB
P7  100.7abA  92.0abcB 25.3cC
P8  101.3aA  94.6abA 22.7cB
P9 99.3abcA  73.3eB 1. 3fC
AEXT K 2EH RGR/ % Al 97.3abA  92.0aB  14.8aC
A2 86. 6cA 51.0cB 0.0eC
A3 98.7abA  65.6bB 0. 0eC
P1 98.0abA  74.0bB 6. 7hcC

P2 99.3abA  66.4bB 4. ledeC
P3 100. 0abA  95.3aA  15.3aB
P4 99.3abA  45.3cdB  2.0deC
P5 95.2bA 65. 7bB 0. 7deC
P6 101. 4aA 100. 0aA 9. 8bB
P7 98. 0abA 90. 6aA 3. 4cdeB
P8 101. 3aA 93.3aA 4. 7cdeB
P9 89.3cA 36. 6dB 0. 0eC

AT TR K S Bk 3R 7R TR — i A AS 5] Ak 34 1] 22 55 Wk 35 (P<
0.05) ; [FFIA Rl /NG B F R [F] — 4b BEAS [5] b4 A6k 8] 22 5 B 3 (P<
0.05), T,

Note: Different capital letters in the same line indicate significant

difference under different treatments of the same variety at 0.05 level.
Different lowercase letters indicate significant difference under the same

treatments of different varieties at 0. 05 level. The same as following.

2.3 PEG BMEXTTEESE RGI 1 RVI B340

3 4 ATH, AR PEG AR, & 632 Y
RGI Hffi 25 15 Wraf i 34 5 07 35 1%, 100,150 Al
200 g-L™' PEG AT, & AEHE=E A RGI AR ARG H 5331

g 83.7% ~101. 2% 49. 2% ~90. 9% 1 0. 5% ~26. 1%,
100 g-L™' PEG il F,P3 P4 P6 P7 P8 [ RGI 4 i,
EET ALLA2 A3 P5.P9;150 gL' PEG il F,P3 .,
P6 1 RGI ik F| 90% L) I, 1 3 & F H A 41 K} 200
g-L”" PEG W}l R, P3.P6 () RGT AHXT 4 &1, 43 il o~
26. 1% 25. 6% , 1M A2 A3 . P5 P9 ) RGI AHXF 54 , {L
1£0.5%~1. 3% 8],

%4 PEG BHEXEEISE RGI A1 RVI §932 04
Table 4 Effect of PEG stress on RGI and RVI of cauliflower

PEG ¥k &
fhibs s PEG concerntration/ (g-L™")
Indexs Varieties
100 150 200
AHXS & ZF 8% RGL/ % Al 83.7fA  71.9heB  20.4hC
A2 87.0efA  55.0efB  1.0efC
A3 89.0defA 55.3¢fB 0. 6fC
P1 94. 5bedA 66.5cdB 8. 2cdC
P2 91.9cdeA 59. 1deB 5.9cdeC
P3 99.4abA  90.9aB  26. 1aC
P4 97.0abcA 53.9efB 3. 4defC
P5 90. 6deA  60.5deB 1. 3efC
P6 101.2aA  90.4aB  25.6aC
P7 97.2abcA 77.3bB  10.9¢C
P8 98.7abA  78.7bB  10. 6¢C
P9 90. 4deA  49.2fB 0. 5C
AHXS T T84 RV % Al 124. 4abcdA 97. 8bedB  14. 3bC
A2 115.4bcdeA 70.3defgB 0. 0eC

0
A3 104. 0deA  46.0gB 0. 0eC
4

P1 95.9eA 79. 4cdeB . OcdeC
P2 115. 1bcdeA 67. 8efgB 2. 6¢deC
P3 144.4aA  162.9aA 24. 1aB
P4 136.4abA  69. lefgB 0. 7deC
P5 132. 8abcA 82.4cdeB 0. 1eC

P6 137.3abA  117.4bB 15. 6bC
pP7 91. OeA 83.7cdeA  4.7c¢dB
P8 95.6eA  104. 6bcA 5.6¢B

P9 110. 4cdeA  52. 3fgB 0. 0eC

AR EE PEG Wi, Bk P3 F1 P8 4, HoAth AEAT
S RVI YBEE T 2 ae (0 3G 50 52 R AR A ke 35, &4
B RV ZZ AL 53314 91. 0% ~ 144. 4% 46. 0% ~
162. 9% H1 0. 0% ~ 24. 1%, 100 g- L' PEG B T,
Al .P3 P4 P5.P6 [ RVI 5 2% T P1.P7.P8;150
g-L7' PEG i} T, P3 . P6 P8 () RVI HAHXF 45, 1
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A3 PO U AH X A AR, At A BE A T Z )5 200
gL' PEG 18 F,P3 1Y RVI e, 4 24. 1% ,A2 (A3,
P9 ) RVI 48 0. 0% , 15 8| T 8 & A= K B i 32 B PR
RVI BB WLFR & 27 3 B, A8 fe A K AR A K I
J3100 0 ] 100 g+ L' PEG Wl BERS AL HEL B A K42
R TIE 7, T 150~ 200 g+ L' PEG ki )24 4
AR B FIE T,

2.4 PEG BhiE3$7EHI3 RSH #1 RRL #5450

% 5 AL ASFEVREE PEG BrA T, Bk A1, P2 1
P4 4, HoAb b4 RS RSH Fifi 25 1 52 W36 A 39 5 5t 3%
FEAREa%, 100 ¢-L7" PEG Wra{Edt 7 P3 . P5. P6,
P8 By 2R K, T 150~200 g- L™ PEG fifif B @ 3k
i A, U HUE 200 g-L7'PEG ikl T AEHBSE i
KZF ™ EH . 100 g-L™' PEG il F,P3.P5.P6,
P8 1Y) RSH #4 . 3 & F A3 P4 .P9;150 g-L™' PEG i}
1B ,A2 P2 P3 ) RSH 8 % & T A3 . P1.P9, HiAil
PR T —F 2105200 ¢-L7" PEG Bl R, A1, P6,
P2 P3 () RSH HJAI X487, 43 1A 37.5% ,29. 5% |
24. 0% F1 23. 4% ,1fii A2 A3 .P5 P9 [ RSH FHXTHAIK,
1E0.5%~3. 1% 2 [H]

ANFEEEE PEG JHHa X4l RRL BI/EM S RSH A
JIEARTR , Horp P11 P3 P7 1 P8 Fifi5 PEG Miif 13 5
S SEHE NS R AR AR A # il bA RE2 T R A
100 g- L' PEG it T, A1, A2 P2 P3 P4 P5 P6 [V
RRL ¥ 5. &% T P7.P8;150 g-L™'PEG il F,P3 Y
RRL K, M 179. 1%, A3 i RRL /)y, 24 82. 9% ;200
g-L7" PEG W31 F, P3 ) RRL fix &1, N 95.3%, A2,
A3 P5.P9 1) RRL AL, AXUAE 2. 8% ~ 9. 8% Z [H],
25 L FRWI, PEG W30 45 v Az 4 1 5% e BAL o A A 2
WP 5,100 ~ 150 g- L' PEG il X M=% RRL A
—E ML HEME R, T 150~200 g- L' PEG il £ &
FHILERESE RSH
2.5 R2AEMEHELPREBENES TN

P8 R BT R 2 Z N RS 1ER, 5
—FRBRVEH A [R5 R AR T A AE —E 1Y T
PR AR g R SRR R R 4 PEG B R 12 A4
MRS RGP RGR . RGI .RVI RSH HI RRL 6 M E#n
AT TEEATEM 8T, 3 6 I, 12 A IERR SR &
H169 RGP .RGR ,RGI .RVI _RSH #1 RRL 6 it 46 b5 19
R RS EME (D) HIRER B P3>P6>A1>P8>
P7>P2>P1>P4>P5>A2>A3>P9, D {H i W 44 K}
BT SRR | e RT 0, P3P SRR PO BT S
SEEN

%5 PEG BHMEXSTE#I3E RSH #1 RRL 5500
Table 5 Effect of PEG stress on RSH and RRL of cauliflower

PEG Wk JE
e =
ECLZ s PEG concerntration/ (g-L™")
Indexs Varieties
100 150 200
AHXS i & RSH/ % Al 93.4cdA  78.7abB  37.5aC

A2 91.9cdA  83.5aA 2. 8efB
A3 75. 4eA 40. 8eB 2. 8efC
P1 93.5¢dA  56.8dB 12. 8cdeC
P2 96.9bcA  84.7aA 24. ObcB
P3 106. 6abA  80.9aB 23. 4bcC
P4 70. 5eA 64.8bcdA 7. 6defB
P5 100. 4abcA  80. 2abB 3. 1lefC

P6 100. 7abcA  74. SabeB  29. 5abC

P7 94.8cdA  77.4abcB  16.9cdC

P8 108.8aA  71.5abedB 18. 3bedC
P9 86.1dA  62.5¢dB  0.5fC
AR RRL/ % Al 148.5aA  136.0bB  69. 7hC
A2 132. 8abcA 128.1bA  4.5dB
A3 116. 4cdeA  82.9¢B 9.8dC
P1 101. 4defA 118.9bA  49.3bB
P2 125. 3abcA 113.8bcA  43. 8heB
P3 145.3abB  179. 1aA  95.3aC
P4 140. 6abA  127.1bA  21.4cdB
P5 146.5aA  136.4bA  2.9dB
P6 135. 4abcA 129.8bA  61.2bB
p7 93.7fA  108.4bcA 44.0bcB
P8 97.0efB  132.8bA  51.7bC
P9 122. 1bedA 106. 5bcB 2. 8dC

3 g

PEG6000 &2 — e B &M TR, e ZH T
ZREY &P A SR ik N AR S
L BEE PEG W38 MR B A 38, £5 A6 BB 2K 1 RGP,
RGR .RGI . RVI RSH ¥J 2 L%, P3 fil P8 A9 RVI
A1 RRL WU 52 5% 39 0 5 B AR 19 28 fb e 95, iX 5 Hadi
FURBR TS R IEA B, AP KB 100 g- L7
PEG i 38 XF 48 K 2 £ 46 #5 5% 19 RGP . RGR, RGI,
RVI RSH .RRL 5 M A K, {HXf RVI RRL A — &
FIPEHEVE ;150 g- L' PEG ki xF 4EME 3% RGR \RGI |
RVI,RSH A # #l 1 A1, {2 X} RRL A & #F /E H;
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Table 6 The subordinate function values and comprehensive evaluation of the twelve cauliflower materials

g s )& BB Value of subordinate function L A Hor
Varieties RGP RGR RGI RVI RRL RSH Comprehensive evaluation value Ranking

Al 0.671® 0.853» 0.442(© 0.553 0.758» 0.819» 0.661 1 3

A2 0.207(1 0.076V 0.115(2 0.222(® 0.400(" 0.531® 0.2417 10

A3 0.231” 0.424® 0.15119 0.082(12) 0. 164112 0.063(12 0.1818 11

Pl 0. 4947 0. 598 0. 443 0. 180 0.339¢ 0.433 0.401 9 7

P2 0.592% 0.532(" 0.306® 0.248(" 0. 447 0.775@® 0.454 4 6

P3 0.835» 0.9431 0.965» 1..000" 0.981" 0.825" 0.9332 1

P4 0.322® 0.376 0.3287 0.3599 0.505 0.247(1D 0.356 4 8

Ps 0.1631D 0.362(19 0.232( 0.366 0.507® 0.582(7 0.3558 9

P6 0.858¢" 0.881» 0.990" 0.708» 0.627® 0.780» 0.8113 2

P7 0.613 0.613% 0.618 0. 173119 0.237¢D 0.637(© 0.467 0 5

P8 0. 680> 0.733® 0.653¢% 0.273% 0.369® 0.727¢ 0.555 8 4

P9 0. 14312 0. 060 0. 127D 0.139¢1D 0.254(10 0.30001 0.162 6 12

TE: B — R BR 34 5 P RUE AR bR 515 55 R

Note: The number in parentheses was the drought-tolerance ranking of single index RGP, RGR, RGI, RVI, RSH and RRL.

200 g- L' PEG 38 X fE#F 5 RGP RGR \RGI , RVI,
RSH .RRL ¥4 = E M HIVEH . W] PEG k38 X AL
S R 125 HE B 1 5 e RL gt o R e T S, AR SR R
FIARHREE PEG (100 g+ L") Jiaf X 87 % A 4K 52 i A
K, XA TIR R & AR A R HEVE T i e v i
PEG(150~200 g-L™") irifi s B AW HI o A A K, 25
AT RN AEBRSRE T A BT R PRI R 1Y PEG 8 ER N
150~200 g- L™, X 5 BEECE 47 W78 IA 0 1 3 3
SR PEG6000 1514 07 VB 38 Bk BE 200 - L7 A9 4%
AR — B, H 5 9k 5 25 A R H R A I S i &
PEG6000 $t S YL P16 Bk BE 100 ¢+ L' B 4518 A P
ANl X ATRER T [FAEY 2T PEG B 5 1 i
JNF () e AN [ T B

YEVIFN i R P R Z Z M N ZEH, 12 H
PSRRI AN [ oRp B P R Be ) B — 2 1Y T
PP ARIESE KRB PEG ki B AS [ $5 A5 X A [7) i
FERRR BB SRR 55 HE P R A —3, 40 150 g- L' PEG
iR, P6 BY RGP il RGR fiz K, P3 & RGI Fll RVI %
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Germination Characteristics and Drought Resistance of Cauliflower
Germplasms Under PEG Simulated Drought Stress

ZHU Shiyang' ZHANG Xiaoling' LIU Qing' LUO Tiankuan'

TANG Zheng' ZHONG Weijie' ZHU Zhujun®™ "

(! Wenzhou Vocational College of Science and Technology, Wenzhou Academy of Agricultural Science/Key Laboratory of
Crop Breeding in South Zhejiang, Wenzhou, Zhejiang 325006;% College of Agricultural and Food Science,
Zhejiang A&F University, Hangzhou, Zhejiang 311300)

Abstract; Twelve cauliflower materials were used to evaluate their drought tolerance by examining their relative
germination percentage ( RGP ), relative germination rate (RGR), relative germination index ( RGI), relative vigor
index (RVI), relative seedling height ( RSH) and relative root length ( RRL) under different PEG concentrations
including 0( CK) , 100, 150 and 200 g-L™' by method of subordinate function. The results showed that, 100 g-L™'PEG
stress presented lower effect on seed germinating, while 150 ~ 200 g+ L' PEG stress significantly inhibited seed
germinating. The 100~ 150 g-L™'PEG stress had a promoting effect on RRL, while 150~200 g-L™'PEG stress presented
significant inhibition on RSH. Therefore, 150 ~200 g-L™' PEG was most suitable for screening drought resistance of
cauliflower at germination stage. According to comprehensive evaluation of subordinate function method based on RGP,
RGR, RGI, RVI, RSH and RRL, the drought resistance of the 12 cauliflower materials followed the order of P3>P6>
A1>P8>P7>P2>P1>P4>P5>A2>A3>P9. These results provide theoretical evidence for breeding of drought resistance
in cauliflower.

Keywords : cauliflower, seed germination, PEG, drought resistance, subordinate function





