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Identification for the Thermotolerance of Rootstock-used Pumpkin
Germplasms and Selection for the Morphological Indexes

LI He',GUO Shi-rong' , GAO Pan' ,XING Wen-wen',SHU Sheng' , SUN Jin®

(" College of Horticulture ,Nanjing Agricultural University/Key Laboratory of Southern Vegetables Genetic Improvement of Minisiry
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Abstract; The rising global temperature has posed serious threat to the production of cucumber. Although cu-
cumber grafted seedlings can reduce high temperature stress,there are not enough rootstocks of cucumber. In a search
for thermotolerace and morphological indexes, we collected 48 specimen rootstock-used pumpkins from different re-
gions. Those germplasms were treated with high temperatures(38°C and 42°C ) at germination and seedling stages , re-
spectively,and screened for thermotolerance using UPGMA cluster analysis. Ten indexes(i. e. , germination rate, ger-
mination potential ,germination index ,vigor index at germination stage,plant height,stem thickness,fresh biomass,dry
biomass ,seedling index and heat injury index at seedling stage ) were evaluated. The results showed that the thermotol-
erance of 48 accessions of rootstock-used pumpkin germplasm could be divided into 4 types at germination stage and
seedling stage. In both development stages there were 2 moderately heat susceptible cultivars ( samples Lvba and Qiang
Lishi from Japan)and 11 heat sensitive cultivars. The relative value of germination potential , germination index , vigor
index ,dry biomass were credible indexes for identification.
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FIET L IR ( Cucumis sativus L. ) Z#Hi PR Cu-
curbitaceae ) [ T Z i SR AE W), IR = FHRBR X, &
VGRS TS e 9, A KO PR O 25 ~ 30°C ) &
TR E MG m b G el RS 8T E
BRI, AR, B A 1 O Rk
48 e JTCAE o T PR T v A A 3 g S i
FHE IR ( Cucurbita moschata ) VERG AR AT 8 TG 22 4L
B, AT AR TG T P R AR L R
NWFFERI 5 i i il T Ve TR S Eepli 2
]RGS T A AR R o o I T P T
FPEL R SRR A A R I A v R P 3
A RAFAYRTZ

o 1 B TG B 46 K 22 M0 o6 Pl VPR R AR
W2 R A B IV Rl A 1) B TS 1 e A v 1
WP VERE AR B BRI P i TAIURERG A
BT A, DG Tl FH e JTOR T 268 5 1Y)

®1 BARMERENRER

Table 1 The rootstock materials,and their origins

WisE Z b T = RO O T, 2R R
IR FURF B TG 22 1 B TR L KT i T A 1) I ™
5, Q. S. Al-Mawaali 257 Xl Fi R I IR AT T
FERPRE NG B I, TR 1 2 A BUSR AR 0 o A
A STl P R TG AT 58 B B AR D Rt A
IREARAE TSN 48 13l FH g IR SRR 8 1
SE e it MR B ) R A v Y B PR SR A, M
TEF R | 0 238 B PR TS A , A B B v
Tifi A B AR IR s
1 #HR57F=E
1.1 RIeH#

i3 AR 5 T S PR AT R ] B T I e
R TR 48 il HTRE AR (35 1) , b5~ B b A
EH AL,

ERes Al g i i P
Accession Cultivar Origin Accession Cultivar Origin
1 FEORAA AT 25 H A H A A AR
2 By CHEHIFR 26 H AL i H A
3 K410 5 LT 27 H A58 7)1 H A
4 K417 5 H T 28 AARFHEAA i AR
5 K4Yt3 5 LT 29 H 475 i H A
6 PNAEFN PEILAR 30 H A H A
7 R IE AR ohE H R 31 H AR A T B
8 REM T PR 32 M1 T E LR
9 FeHz CHERTSS 33 Tl T L
10 Fp— Eije 34 JHEFI(#) [ERS
11 T 22 300 o 35 JERICA) HA
12 R AT FE AR 36 ALK F, LT
13 HEEHAR H A 37 FiME T HhEL T
14 EN1 = AL 38 BHEAR ] B
15 EXUREVN LHEHIFR 39 A VIER ) LT
16 BURAG 5 5 rhE O 40 ARG A Tl T
17 Bt H A 41 ERES e
18 FIERSF S R AR 42 FANFE i AR
19 FELHE L AR T T 43 A [
20 i) HA 44 R A rh [
21 58 —IA H A 45 rh R AR CHE
22 HEEA PEILAR 46 JAP BEMRAGA F HET
23 H AR 7 AR 47 A Eije
24 ERN-SAE¥N H A 48 PR SHENIPR
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1.2 REH*

1.2.1 ERFHAMHAMLET Dok 50 i K
i, BT 55°C R 2Kt H #E 20 min, I RIS Wi
FRKEEREZRE, B 10, EFEHEN
12.5 cm FYRFFEIL P A RUZ 5 PRI 48, 2818 K
R0, IR R AR AR 30 K7 AR T R SR L
N, 43 E T 26°C (X R T 38°C (=il AL B ) YT
BN T SMEFH (RXZ, T AR ) Witk T &
I EE 3 K, Bl & ZEIA R A Py 2R
I, AR 35 R 80% , AN 5 15 1] 15 3% L P b 72
AH R BE A 28 K A B8 AR AR 2 b T 1R
1.2.2 ZEEARMESE b % ik
55T 2013 4F 5 F 75 RG5O K A7 Rk i 06y 5 b i
170 FJRFNT1E 26°C FHEZE )5, 3 FhAE 15 FLoCEE
BRI LR, B SRR IE R 4 B0k 60 BE, FhFRE £
J&, ETOEEW N 14 h(B) /10 h(%) JRE N 25C
(B)/15%C (7) JEHEBREE R 400 pmol/m” - s FHXT
MRIE R 70% W RE N TS (T I TLR ST
WHE SR, I B RKAN IR 5, BRI h
BT T, TR 2 B R R A BR s ml B 4L
BRI EEA AL MR Ry . SRS B R (N + P05 +
K,0)2. 8% , 7K/ & it (iE K ) 30% , A Lo & &
(T3£)28% ,pH {H 6.4, %55 0.24 ¢/cm’, BFLIREE
65% ,EC{H 1.6 ms/cm’,

MR E 2 0 1 OA A AR 12
I (2 £30 B BA T — N TAMEEN, X E R
JE R 42°C/32°C " (FRIRALER ) | 55— 2P A SR B AR
25°C (12)/15°C () M T A= 9 (XFRR) . BR
VoL A AN [ A1 e 1 Ak B R R 194 JEL A B 5 4% 2
FHIE, 25 R 5 BEG8 FE A 400 wmol/m?® « s AH X 12 &
F70% , EIRALER 20 d J5, BB RN BE 2 4
ST EFRE, e A K A8 R
1.3 WEHERRFZE
1.3.1 ERFHNEEIRRAZX HRICEEFH,
MRRAR SN BT 2 mm BHE R 2R L2 d
T RFBARZR A A, BRI E AR K S
(mm) , RIFP 7220 2 2F R A BE B, TR & 4
R R GER R ZERBOR T AR
1.3.2 ZEBNEERETZE  AERISHr
WSRO G TIMEREMR 1 1 ~2 F AR 2
P AR B3 Pl ~2 MRS 4 RS
ERGIE, SRR S E BRI A R R P

R

M R T A AR I PR 25 ML R | bk
TE IR e s = 20T E x
R/ R
1.4 HESHITS5H5H

K 15 6] BRESCHE A XA, ] LAYH B Rh o A B
M2e 50 UL, BRCE SR BN, HAh & 48 An 54k
T AR AR AR XA = (I8 bR S TR AL R 1Y
KL/ itk BB BED) % 100% o BT A %030 A
SPSS 20. 0 TV (B 22 FAE 52 R4, 940
Bl 22 5 8 EM (P < 0.05), FH NTSYSpe
2011 3R X BB AT A A AR 38 SR AR A
AR (UPGMA, unweight pair-group method with
arithmetic means ) #E17 B3 H7, 2 BHIR R A E
FEXF 5 ZF 9 K Ay de R S 248 b 0 P 35 73 e iR B
R AR DGR T Mantel K55, 38 2 A0 OC R B0CH 2 2
AR EE SR — R

2 HRESH

2.1 ZRFHMARENHRMAELEE

ATl FH A IR 5 22 ] B AF G 2 25236 ARG
ZEB MU R ZE R B AR X 16 38 B A e 1B 3 22
S (FR2), Hrb 18 SR & BT fe bR B
FE T A AR T, 2% B A R 0 B T 9 12,
14 .19 32 36 .38 40 45 46 47 48 S FhJF{E 38°C b
R A WA, R m A UK BRIZ AT,
5.7.8.16.39 42 SRS AR XS & 2F R AR ,26 .27 .
35 SFP BT AR & AR, 16 .26 .35 .39 42 S5 F
TR AR e 2 U e, 27 (39 (42 5 R BT Y A AT
IFREEGE . RAFIAN 4 AR A R R AR R R
B, T 100% |, AT DL H S [ o 1] it A £
ZE0, Hov ) o A R T FE B0 AR S R B R
(163.23% ) , Ud BHAHXT I 48 BOAEAS [R) o ot 7] 2 5
R,

G T W R W4 HE AR ETT UPGMA R 2k
SIRTROSE IR (P 1) F 0,48 ) Bl Y i & 31 it 4Rk
Mo a 2, L e A BT 18 55 1L it & i A
J:26 .27 35 55 1M1 (e A AU RP . 1,57 .8 .15,
16 .23 24 25 .39 42 5 1IV. iR .2 .3 4.,
6.9.10 .11 .12 .13 14,17 .19 .20 .21 .22 28 29 30,
31.32.33.34 .36 .37 .38 .40 .41 43 44 45 46 47,
48 5,
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Table 2 Relative value of the germination index under high temperature

%5 HART K ZF 2 (% ) ARXT R 2 (% ) HART S ZF PR (% ) AAXT G I HE % (% )
Accession Relative germination rate Relative germination potential Relative germination index Relative vigor index
1 37.04 jk 613.64 hi 55.94 ij 84.47 def
2 7.14 Imn 53.57 tu 8.43 pq 1.53 jk
3 16.67 Imn 157.89 pq 20.56 mnop 11.87 ijk
4 37.04 jk 83.33 st 22.19 mnop 4.83 jk
5 96.67 ab 575.00 70.13 gh 31.34 hy
6 13.33 Imn 187.50 p 16.46 nop 6.78 jk
7 90.91 bed 579.55 ij 87.83 e 51.16 gh
8 81.48 bede 625.00 h 68. 64 ghi 26.12 hijk
9 - _ _ -
10 25.00 klm 150.00 pqr 30. 19 lmn 10.59 3k
11 45.00 ij 288.46 n 40.13 kl 16.92 ijk
12 - - - -
13 4.17 mn 31.25 uv 5.40 pq 0.02 jk
14 - - - -
15 75.00 def 710.53 £ 91.21 de 59.59 {g
16 93.33 be 750.00 e 105.33 ¢ 31.72 hij
17 9.09 mn 68.18 tu 12.11 pq 0.32 jk
18 110.53 a 3150.00 a 174.15 a 276.59 a
19 - - - -
20 25.00 klm 112.50 rs 15.20 op 2.53 jk
21 33.33 jk 259.62 no 45.28 jk 10. 33 ijk
22 4.76 mn 53.57 tu 7.62 pq 0.27 jk
23 66.67 efg 500.00 k 81.30 efg 20.32 ijk
24 58.62 ghi 510.00 k 56.31 ij 43.56 ghi
25 66.67 efg 750.00 e 73.88 fgh 35.52 ghij
26 77.78 cde 1050.00 d 140.74 b 85.03 def
27 45.00 ij 1125.00 ¢ 84.16 ef 106.49 cd
28 47.83 hij 115.38 s 40.64 kl 17.67 ik
29 7.14 Imn 375.00 1 12.73 pq 6.79 ijk
30 8.33 lmn 125.00 qr 16.36 nop 14.54 ijk
31 60.71 fgh 409.09 1 62.20 hi 77.41 ef
32 - - - -
33 25.00 klm 375.00 1 29.92 lmn 12.82 3k
34 25.00 klm 333.33 m 31.11 Im 26.03 hijk
35 78.57 cde 1500.00 b 104.07 cd 98.69 de
36 - - - -
37 25.93 kl 138.89 qr 19.01 mnop 6.94 jk
38 - - - -
39 86.67 bed 722.22 ef 101.35 ed 125.12 ¢
40 - - - -
41 11.11 Imn 150.00 pqr 14.32 opq 16.62 ijk
42 89.66 bed 672.41 g 93.59 cde 150.56 b
43 26.67 kl 230.77 o 27.51 lmno 19.56 1k
44 14.29 lmn 125.00 qr 20.24 mnop 8.52 jk
45 -48 - - - -
SEYE Average 33.69 367.85 39.30 31.23
b2 SD 33.73 531.44 41.81 50.98
AREE(%)CV 100. 14 144.47 106.40 163.23

INGFEFRIR a=0.05 K25 REM, TR, -7 AR BB R TR BT %, ARMAEE , B SE S iU i Fh

The small letter stands for significant difference at 0. 05. The same as below. “ —

not measured , which identified as heat susceptible species

”

is that high-temperature treatment resulted in seed not germination , data
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! 2.2 HEHERRL R N AR B A RE
8 ] Y - S N
i 3 KW, ANTRIES R R 5 22 1] A AR X A sy
5 \ | N N -
i | AR 2SR AR X i T AR R X B R R R B
2
iy | R 2R, Jh,5.6.9.10 11,13 14
3 | NN
E | 15.16 17,20 35 36 47 48 Sl (A bR 7E 42°C 7
s i HRAREE 20 d JFARAET, BEIAsE Jy eyl AU
36 g N W S
N ; SO MR BREBACH 23 25 5 MRS
& i KR 19 .25 .26 .27 .28 .29 31 .40 41 42 S Fhfk,
3 . .
K; | FHXT e F B R 90 19,23 2425 26,27 .28 .29 .30,
30 | N N
i ; 31,32 41,42 S F R AR TR B 7,19 23,
i | 24 2526 27 28 29 31 3239 46 SHH 5T, AH XM
43 ‘ » A 74 D AY
% — HHCHI 719 27 SRR, R RN
|
M} e m— 25 30.37.38 .40 41 42 43 SH0F, 4B
35
[ ——————— SR 6 A HE BRI T 01 42 00 2
Coefficient B, Hrp ,ﬂ%*’é?&ﬂ@%ﬁﬁ%ﬁ%d\(m 30% ) ,*ﬁ
1 HRME THE R LR XPHETHE RO 22 5 R B R (88.64% )
Fig.1 Dendrogram of germation
stage under high temperature
®3 BiEE TR AR E R E KSR EE
Table 3 Relative value of the indexes under high temperature at seedling stage
455 MM (%)  HIXEZEHI(%)  MREE(%) O MGTE(%) MR %) AER
Accession Relative plant height Relative stem thick Relative fresh biomass Relative dry biomass Relative seedling index Index of hot injury
1 186.44 cdefg 94.29 gh 77.59 ghij 60.42 ijkl 30.75 ijk 3b
2 173.64 fghi 92.98 gh 54.52 ij 42.57 jkI 22.41 jk 3D
3 180.26 defghi 95.78 fgh 33.57 34.68 1 18.53 k 2¢
4 157. 15 hijk 92.90 gh 68.53 hij 79.85 fghijkl 48.33 fghijk 2¢
5~6 - - - - - 4 a
7 100. 94 mn 112. 44 cdefg 88.93 bedefghi 121.36 abcdefgh 132.48 a 2¢
8 150. 98 ijk 84.59 h 52.48 ij 67.77 hijkl 37.75 ijk 2¢
9~11 - - - - - 4 a
12 95.74 n 94.59 gh 44.46 ij 33.26 1 32.89 ijk 3b
13 ~17 - - - - - 4a
18 176. 83 efghi 97.72 efgh 56.61 ij 38.03 ki 21.07 jk 3b
19 161.49 ghijk 138.08 ab 133.53 abe 135.02 abede 111.20 ab 2¢
20 - - - - - 4a
21 169.43 ghi 98.62 efgh 80.48 fghi 54.53 ijkl 31.69 ijk 2¢
22 257.31 b 107.06 defgh 76.13 ghij 49.63 jkl 20.67 jk 3b
23 275.61 a 113.96 bedefg 132.79 abe 141.21 abe 60. 10 cdefghij 2¢
24 182.22 defghi 114.53 bedefg 134.07 ab 128. 16 abedef 81.00 bedefgh 3b
25 265.92 a 130.01 abed 129.70 abed 108. 40 abcdefghi 53.60 defghijk 1d
26 216.24 be 135.43 abe 123.74 abcedef 108. 03 abcdefghi 67.37 cdefghi 2¢
27 186.34 defgh 143.30 a 127.11 abcde 127. 48 abcdef 98.53 abe 2¢
28 197.65 cdefg 119. 88 abcdef 133.50 abe 153.26 a 89.70 bed 2¢
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x3(%)
%5 AR (% ) AR ZEH (% ) AR B T (% ) AR T (% ) AR AR FE 8 (% ) WER
Accession Relative plant height Relative stem thick Relative fresh biomass Relative dry biomass Relative seedling index Index of hot injury
29 202.55 bede 129.95 abed 110. 38 abcdefgh 125.76 abedefg 89.09 bede 2¢
30 132.88 kl 106.42 defgh 124.41 abedef 86.26 defghijkl 69.33 cdefghi 1d
31 163.74 ghij 126.76 abced 133.52 abe 121. 12 abcdefgh 93.09 bed 2¢
32 187. 11 edefg 116. 15 bedefg 141.80 a 137.78 abed 87.19 bedef 2c
33 201.50 bedef 97.03 efgh 86.43 defghi 67.39 hijkl 32.50 ik 2¢
34 134.41 jkl 84.27 h 88.20 cdefghi 68.54 hijkl 42.56 hijk 3b
35 ~36 - - - - - 4a
37 165.31 ghi 100. 06 efgh 70.08 hij 58.35 ijkl 35.29 ijk 1d
38 175.17 efghi 110. 67 cdefg 118.59 abedefg 70.49 hijkl 45.81 ghijk 1d
39 201.92 bede 113.75 bedefg 83.66 efghi 147.57 ab 85.13 bedefg 2c
40 134.35 jkl 130. 87 abed 84.57 efghi 71.83 hijkl 70.23 cdefghi 1d
41 153.33 hijk 125.94 abed 130.37 abed 94.10 bedefghij 78.20 bedefgh 1d
42 176.41 efghi 121. 14 abede 141.43 a 90.76 cdefghijk 62.89 cdefghi 1d
43 105.45 mn 112.99 cdefg 89.95 bedefghi 73.24 ghijkl 78.33 bedefgh 1d
44 211.11 bed 113.70 bedefg 113. 63 abcdefgh 83. 15 efghijkl 46.98 ghijk 3b
45 123.55 Im 94.04 gh 63.36 ij 50.59 jkl 41.76 hijk 3b
46 205. 63 bede 95.74 fgh 113.05 abedefgh 105. 80 abcdefghi 49.37 efghijk 3b
47 ~48 - - - - - 4a
TFHIE Average 121.01 75.95 67.52 61.17 40.95 2.69
brifE2 SD 88.73 52.86 52.52 50.63 36.30 1.08
BERE(%)CV 73.32 69.59 77.78 82.77 88.64 40.30

© =N AL B A B AR AE T RIS | RV SE D i R SRR

“

-7 is that high — temperature treatment resulted in seedling plant death,data not measured , which identified as heat susceptible species

el 2 Ay E A, 4 B R R R ) UPGMA ;
KR, PPAMBIOQ G AR 42,y
L 0 R b 52 7 5 I S g J R 19,23 .24 g:»—" B
252627 28 .29 30 31 .32 38 39 41 42 44 46 F;
L. AR R 12,3 4.8 12,18 21 22 33,
34 37,40 43 45 51V, FIRBURFIR.5.6,9.10,  OfL ;
11.13.14 1516 17 20 35 36 47 48 =, |
2.3 WEAEINEERR 5154 S Hm ks — it 3
Bt o i
i3 Mantel A6 0 X6J s FH g SRR o & 28 3 5 &) I\ E |
BTSSR 1 - 829 45 S B 6 A3 A S 43 : |
LRI 2 /MR S i R — ek, 13 2% e - o
B, —HZ RIS R B r =0.08(P =0.01) , %8 2 Coefficient
AP S0 ) B R B O JC AR OGP mTL R IK H2 S EENE T4 S E X
B A 2 15 1 0 0 ot 4 A 2 S 45 OR OF AR Fig.2 Dendrogram of seedling

—3, stage under high temperature
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Fig.3 The correlation of DIST matrixes between

seedling stage and germination stage

2.4 HHAERERIERS AN —30E

M2 AT LA Y 7E 38°C iR AL R R 4% S A
IR XS A 2553 A G & 25 5 AH X & 28 48 B0 A X
e 5 W W& W b SR A 18 5
FIBTRY 4 A~ 48 b 0 3 o T At S Al X6 v e 0k
[ 13 55T 4 A 46 A S 3 K 1 At & R (A
AW L SR o SR, T PP B ) 27 5 F
JOT (R AR R e 2 25 I A T X e TR BBORR 1 E 4 A
JoT 5 XoF e TR AL ORI 5.7 8 16,39 (42 S F T A A
XK ZE R H T e RT3 O A IR A R, A
I, AR 2 28 S AN B0 S il FH e I 380 1 48
FEbR . A5 R AT & 2 3 A K 2R A &
ZEFRB) K 5 T AP e e R AR — B, O AL
AN[E) R R 22 5 8 3, B LA AT LAAE SR Al e TG T
PPE S R b

23 NI ERAN S | SRS R bR
ZESr g Horp 2R FOAH T A S S 4
Tiif $AE SR IEA Mt SR — 3, S Al FH R IR 5 9% I i
PP Y T SEE AR . 4 T A ek ) 7 A
Jo LA BT R LAY 19 .30 31 .38 41 .42 S Fh F K AH
Xof Ak pe 1 5 4 e TR A SRR R 5, 9 LA 9 M b
A E S B TR P25 SR — 2, I, AR Ak v A
I FEHOANE B T R NI B S 2 F b, 48 1
o B A ARG 240 A E A FE B S AR S

&Iy Ve S AR J5 2R 2 23 BT 4 445 SR R R o — B
HAA BB 5, WX 3 4845 iR g fifi
JH R IR B TR 2 5 I 248 4

3 e

VAR IR RO PR ek AR LT Y e
T I 25 e T 45 A PR Pk i ), R R ST IE P, 1%
FEIR Gt v TR AT 4 1 B3 35 A AT B, OF HL b
AR ) 1o YR 52 P 2 B M B 422 T A e TR T AR
ARG e AR B I AR 7 o ik T o IR )
PRIXE'S) e PP BRAE FE R TG S R S A T 5
WBEE I R,

JE H R T 5 B AR 4 A Y)Y T A
PR AN ASRRAE WL ZR AT R S — b T 00 L B 52
A5 SR, AR gk S TR PR A AR A AR
XHE R VTN i FH e TG BR 1 | 25 5 (%) 28 30 9 A8 58
HE , AnFES IR I A B AR 38 SR, B
AR 5 PR X i FE (2 R T FE AR X H: 1
BOEENRAR . 7R LB —F8 A5 o 4 e b ot Fr i 4
PERY AT SRR > UPGMA J&— a5 J 4 3%
FOM Y AT LA s AR bR, 6 R [ b R AT
Iy R T AR B —FE AR IR AT A S T R
HEGE A0 28 453 7K 9% YR 0 B A 22 46 A S o
1CHET UPGMA 2k BRI RS 0 Tl #4014 HAE A 1)
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