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Abstract: This study was conducted to compare the difference of heat tolerance of different Oncidium cultivars, and to
establish a system for evaluating identification indexes of Oncidium heat tolerance. Seven indexes, including the leaf
thickness, leaf water content and high temperature semi-lethal temperature (HLTs), of 38 common O. hybridum culti-
vars were measured, and the yellow leaf rate and heat injury grade (HIG) of different cultivars were observed under high
temperature stress. The evaluation indexes of heat tolerance of Oncidium were screened by analyzing the correlation
among different indexes and combining with principal component analysis, to establish the evaluation system of heat
resistance of Oncidium cultivars. The results showed that the leaf thickness, leaf water content, HLTs,, yellow leaf rate
and HIG could well reflect the response of Oncidium to high temperature stress, which could be taken as the index for
evaluating Oncidium heat tolerance. The 38 cultivars could be classified into three categories: heat-tolerant cultivars (12
cultivars), moderate heat-tolerant cultivars (3 cultivars) and non-heat-tolerant cultivars (23 cultivars) by cluster analysis
based on heat-tolerant index. The results of this study could provide a reference for material selection of Oncidium in
hot area, and also provide parental resource for the breeding of Oncidium with high heat tolerance.
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Source H SO E (HLTsg ). >R FHEZ K
1 = Oncidium Zelenkocidium Kukoo 1 B FSE a. b, (LAARX T=Ina/b, BG4
2 HF¥F  Oncidium Twinkle (Fragrance Fantasy) 1 Sl HLT 500
3 BEK Oncidium Jairak Fragrance (pink) 1 123 FZa4@iXk REBETEME S —iEE
4 /M OnddiumRed M U NTAMRE NEETIE R 7 d, RS
5 Kk Aliceara Tahitian Dancer 1 [ 1.2.2, T4 8 RIF G EEM-AIRE, BA TS
6 /b Oncidium Flexuosa ! B FEIRIIE 42 C/38 C (/). Bk
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17 K& Oncidium Aka Baby ! TE 50%~75%22 8], A /b i fa i (B 2542 B 2R K
18 Fid Miltonidium Issaku Nagata Volcano Queen® 2 4 G MBI TAH, BEIRE 75%~100%2
19 PEdfk Oncidium Sharry Baby 1 B, A&, B9, 5%, M REaeEh.
20 AKZAE  Oncidium Pacific Nova 1 1.3 #EAIE
21 #4 3%  Oncidium Gower Ramsey ‘No.3’ 2 FIFH Microsoft Office Excel 2016 3k {41 7%%
22 EHEFK  Oncidium Jairak Frangrance 1 PP 5 &I K2l . 78 SPSS 20.0 b ifftr 2=
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27 FAKIFEN  OncidiumKatrin Zoch 2 2.1 Zilﬁ]j'[:[‘,\éiﬁi%;'ﬁ'qﬂlﬂﬁﬁ I—\iIJIJJIFf
28 g4k Gower Ramsey 'Lemon Heart 2 XF 38 NS00 AR AR . e L
29 M4 Oncidium Oncsa. Goldiana‘Golden Shower” 2 ZER/IN AR TR R R i S KR E
30 %M Burrageara Kilauea'Hawaii’ ) b NGB N TY Ll 1517 T I (= N A
31 Wk BrassaVerrucos 5 MR AR R R Kt R E K E (LWC) E 5
32 il Dgnmra Winter Wonderland*White Fairy’ 2 R (3R 2), Hoprh A BUE R REURK, W
33 W Oncidium Flexuosa yellow 2 99.98%, LLAEH A RN T HIBUR K. 24 13.60 em”,
34 HiE Oncidium Gower Ramsey*White Jade’ 2 LR AR RN, AR 0.26 sz; HixkE
35 Oncidium Swweet Sugar ) fﬁzﬁ%kd\,‘ %E?éﬂz (CV) K 653.10%, 5i i
36 ={7sK  Oncidium Sharry Baby*Tricolor’ 2 I‘F‘\%ijﬁ%é%ﬁ’ H 234'55 im ;%ﬁt%ﬁ&ﬁ
37 gtk Colmanara Wildcat‘Gold Ring’ 2 Rt/ (0% 0.63 s By i IETEE
JER) CV MHZEAK, 290 25.80%. 28.70%.
38 ONM4055 Oncidium Aloha Iwanaga 2

27.80%; MA&KENZES RZEER/DN, N 10.8%,
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Tab. 2 Statistics on indexes of 38 Oncidium cultivars

¥ By b U it T ik I R
No. Plant height/cm Crown breadth/cm Pseudobulb/cm® Leaf area/cm’ Vane thickness/cm
1 25.93£1.79 29.33+3.79 6.62+4.15 3.43+0.40 0.59+0.06 84.55+1.55
2 18.33+1.04 15.70+2.52 0.63+0.48 1.21+0.37 0.31+0.05 79.24+0.95
3 32.07+3.90 30.50+1.73 18.79+13.5 6.75+0.39 0.48+0.01 53.49+4.30
4 24.734+2.87 16.50+£3.91 0.96+0.61 2.18+0.83 0.56+0.05 86.77+4.40
5 35.63+3.39 32.23+8.32 3.90+1.04 3.73+1.21 0.39+0.02 77.45+0.66
6 31.43+1.50 37.67+6.66 7.57+3.56 5.75+1.27 0.52+0.04 74.47+0.65
7 32.60+2.75 26.00+6.08 0.71+0.21 2.71+0.74 0.88+0.04 87.96+2.62
8 44.27+4.46 35.17+5.35 5.03+1.64 6.99+0.80 0.73+0.12 84.52+0.47
9 40.33+4.73 43.7£1.40 6.96+1.89 5.55+0.48 0.46+0.04 78.80+1.55
10 32.00+5.20 30.50+7.00 4.89+3.17 5.35+0.83 0.83+0.09 87.59+2.68
11 40.87+6.57 26.40+8.78 8.07+5.11 5.32+1.26 0.63+0.13 80.38+2.59
12 46.83+4.51 43.14£11.65 24.55+6.70 11.26+1.41 0.58+0.03 80.05+0.18
13 45.33+£0.87 47.67£1.01 6.58+0.11 8.40+0.12 0.66+0.01 75.83+£0.97
14 40.20£3.61 49.70+4.62 9.18+0.19 13.60+0.08 0.64+0.01 82.30+1.06
15 26.70+3.52 43.3344.51 16.96+1.97 10.56+2.64 0.48+0.02 62.40+1.71
16 33.33+11.14 36.37+£7.39 6.90+2.61 7.23+0.53 0.53+0.04 72.03+4.92
17 29.47£2.12 40.10+1.97 10.48+2.51 5.75+0.79 0.34+0.01 78.54+0.70
18 42.30+6.86 52.47+£2.05 8.98+6.76 1.19+0.03 0.36+0.02 79.80+1.52
19 20.83+1.44 32.20+6.69 3.32+0.53 0.26+0.03 0.26+0.01 77.56+£2.13
20 41.27+7.95 58.50+1.80 8.92+3.72 1.20+0.29 0.47+0.06 70.23+4.46
21 41.12£1.45 55.63+2.89 11.85+0.26 1.07+0.04 0.63+0.02 84.18+0.72
22 41.12£1.45 55.63+2.89 11.85+0.26 1.07+0.04 0.32+0.02 63.54+3.50
23 34.40+1.01 39.33+3.62 21.20+5.01 0.63+0.09 0.44+0.03 80.53+1.62
24 18.33+3.33 27.33+4.48 2.12+0.37 0.28+0.04 0.34+0.01 60.44+9.83
25 22.50£2.65 24.83+0.58 3.70+0.46 0.40+0.07 0.60+0.02 86.72+1.94
26 24.17+0.76 31.00+5.89 7.75%1.69 0.53+0.06 0.48+0.01 82.91+1.80
27 29.40+4.29 45.67+3.18 8.78+2.20 0.87+0.29 0.34+0.01 78.03+0.88
28 37.33+3.33 34.33+2.75 7.36+2.97 0.70+0.04 0.61+0.03 88.27+0.61
29 35.93+£1.97 32.50+3.46 19.23+3.61 4.79+6.60 0.56+0.04 64.98+3.06
30 40.37£7.55 41.13£3.35 11.45+2.57 0.67+0.15 0.44+0.02 81.35+1.50
31 23.67+2.25 30.83+5.03 5.49+1.92 0.44+0.19 0.50+0.04 83.17+2.67
32 35.63+0.81 25.17+8.69 5.29+2.52 0.62+0.21 0.43+0.01 81.30+4.92
33 18.73+3.43 23.50+1.32 5.14+1.98 0.33+0.08 0.37+0.03 71.90+4.66
34 34.67+5.11 33.17+4.19 5.38+0.99 0.44+0.03 0.60+0.02 88.82+0.71
35 24.00£3.04 32.00+3.04 8.5242.29 0.59+0.14 0.73+0.04 88.74+3.71
36 25.40+1.01 43.67+£2.75 7.76+1.09 0.91+0.23 0.44+0.02 72.69+2.96
37 49.03+£7.27 47.70+£5.51 9.62+2.70 9.31+1.70 0.56+0.03 76.79+4.63
38 32.33+1.53 36.40+3.25 8.98+4.36 7.45+0.88 0.48+0.01 76.12+3.10
FIE 32.96 36.48 8.46 3.67 0.51 78.01
CV/% 25.80 28.70 65.10 99.80 27.80 10.80
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Tab. 3 Heat damage grades of 38 Oncidium cultivars under
heat stress conditions

FE HE - Rate of yellow leaves/% HIG
No. 2d 4d 6d
2 57.51£2.67 98.15+4.67 100.00+0.00 5
3 56.53+3.00 97.78+4.67 100.00+0.00 5
14 44.86+2.00 100.00+5.00 100.00+0.00 5
26 34.34+2.00 83.91+4.00 100.00+0.00 5
27 4.3442.33 90.95+5.00 100.00+0.00 5
33 48.15+2.67 94.21+4.33 100.00+0.00 5
38 0.00+0.00 63.45+2.51 100.00+0.00 5
5 45.1542.33 90.48+4.33 98.41+4.67 4
9 33.55+1.67 76.54+3.33 87.39+4.00 4
15 36.75+£2.00 77.92+3.67 98.19+4.67 4
16 36.06£2.00 87.88+4.33 96.97+4.67 4
17 14.44+1.00 52.22+42.67 75.56+4.33 4
18 10.37+0.67 60.90+1.33 96.67+3.00 4
19 32.22+1.67 73.93+£3.67 96.10+4.33 4
20 35.81+£2.31 77.23+£3.01 88.85+2.35 4
22 31.03+£2.00 62.97+3.33 87.28+4.00 4
23 3.33+1.02 17.01£2.13 84.87+2.22 4
24 25.71+1.21 67.55+1.54 90.75+2.12 4
29 56.35+0.12 78.95+1.25 98.72+0.14 4
31 34.17£2.00 80.41+4.00 94.73+4.67 4
32 38.25+£2.00 70.51+£3.67 94.40+4.33 4
36 38.98+1.56 90.38+2.57 98.76+1.98 4
37 30.61£2.51 68.19+1.24 93.11£2.45 4
1 6.96+0.67 17.81+1.33 51.11£2.67 3
4 4.86+0.67 18.74+1.33 51.89+£2.67 3
12 20.70£1.00 56.84+3.00 67.19+£3.00 3
6 10.80£1.00 23.50+1.33 34.12+2.00 2
8 4.93+0.67 26.46+1.67 43.80+1.67 2
11 12.80£1.00 33.88+1.67 40.39+2.00 2
30 6.35+0.33 20.81£1.33 49.73+2.67 2
35 5.03+£0.67 19.42+1.33 39.98+2.00 2
7 0.00+0.00 0.00£0.00 1.52+0.33 1
10 0.00+0.00 0.00+0.00 4.44+0.33 1
13 0.00+0.00 19.15+1.00 21.62+1.33 1
21 0.00+0.00 0.00+0.00 4.16+1.00 1
25 0.00+£0.00 6.95+0.67 14.81+1.33 1
28 3.89+1.00 9.06+1.12 10.34+1.23 1
34 0.00+0.00 2.39+0.33 3.38+0.65 1
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Fig. 1 Line chart of cell injury rate in 38 Oncidium cultivars
R4 BAXLEZHERMH Logistic FRRSH R SEELHLEE
Tab. 4 Parameters of equation and high semi-lethal temperature in 38 Oncidium cultivars
4] Vs 2 3%y 4 s 2 3% 7 kL
e iﬂﬂ@ﬁ? Sy i ) Fa Jﬂﬂ@ﬁ] ER R )
Equation for cellular R HLTso/'C Equation for cellular R HLTso/'C
No. damage rate No. damage rate
1 y=k/(1+156216.79¢-0.197t) 0.935™ 60.7 20 y=k/(1+63449.53¢—0.178t) 0.923" 62.1
2 y=k/(1+154516.79¢—0.187t) 0.961" 60.5 21 y=k/(1+1112366.18¢—0.217t) 0.934™ 64.2
3 y=k/(1+328075.81e-0.209t) 0.939" 60.8 22 y=k/(1+153430.04e—0.194t) 0.932" 61.6
4 y=k/(1+9779.07e-0.136t) 0.942" 62.6 23 y=k/(1+166541.53e—0.181t) 0.920" 60.9
5 y=k/(1+2931427.31e-0.255t) 0.948" 58.4 24 y=k/(1+156842.91e-0.195t) 0.873" 61.3
6 y=k/(1+22879.58¢—0.152t) 0.884™ 66.0 25 y=k/(1+4164055.35¢-0.234t) 0.869" 65.1
7 y=k/(1+40822.96¢—0.161t) 0.852" 65.9 26 y=k/(1+444631.00e-0.211t) 0.923" 61.6
8 y=k/(1+18638.79¢—0.153t) 0.943™ 64.3 27 y=k/(1+424216.83e—0.227t) 0.947" 57.1
9 y=k/(1+140645.81e-0.195t) 0.954" 60.8 28 y=k/(1+3446948.83e-0.223t) 0.854™ 67.5
10 y=k/(1+65775.32e—0.169t) 0.872" 65.6 29 y=k/(1+82867.65e-0.184t) 0.917" 61.5
11 y=k/(1+12951.93e-0.149t) 0.894" 63.6 30 y=k/(1+5773.31e-0.143t) 0.886" 60.6
12 y=k/(1+161619.49¢-0.196t) 0.923" 61.2 31 y=k/(1+126753.56e-0.197t) 0.883" 59.6
13 y=k/(1+438888.20e—0.206t) 0.961" 63.1 32 y=k/(1+22092.64¢—-0.168t) 0.933" 59.5
14 y=k/(1+2649813.98e—0.235t) 0.961" 62.9 33 y=k/(1+21062399.61e—0.276t) 0.876" 61.1
15 y=k/(1+36062.18e—0.176t) 0.972" 59.6 34 y=k/(1+434086.89e—0.192t) 0.892" 67.6
16 y=k/(1+2951.30e—0.138t) 0.962" 57.9 35 y=k/(1+47906.19e-0.164t) 0.752" 65.7
17 y=k/(1+2533215.49¢-0.243t) 0.949" 60.7 36 y=k/(1+20130.67e-0.167t) 0.925" 59.3
18 y=k/(1+187962.92¢-0.199t) 0.939” 61.0 37 y=k/(1+198590.406e—0.198t) 0.948" 61.6
19 y=k/(1+28113.35¢-0.169t) 0.976" 60.6 38 y=k/(1+71825.87¢-0.190t) 0.906™ 58.9

e TFRBEME (P<0.05) , TEARWEEML (P<0.01)

Note: " indicates significant correlation (P<0.05), ~* indicates extremely significant correlation (P<0.01).
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Tab. 5 Correlation matrix of every individual indicator in different Oncidium cultivars
b o =] =T e 11 % It R It = R T 2%
Infi?ciior Plaﬂ(;ight Cﬁiiy Psfi%fibulb ]j_e):f?;ea Vant}zljiflgess Lwe HETs0 Rate of;-;eilufv leaves HIG
N 1
bon 7] 0.636" 1
Bt =% 0.404" 0.438" 1
RmE 04767 0.292 0.362" 1
HREE 0271 -0.107 —-0.116 0.292 1
LWC 0.049 —0.194 —-0.391" —-0.178 0.477" 1
HLTso 0.066 -0.190 -0.226 -0.118 0.543" 0.437" 1
MR -0.178 0.126 0.210 0.089 -0.714" —-0.570"" -0.715" 1
HIG -0.239 0.083 0.175 0.091 -0.693" -0.517"" -0.661" 0.967" 1

H: FREEML (P<0.05) ,
Note: " indicates significant correlation (P<0.05), ™
2.6 383D =FIE MM R E &M
FR T, ERSE 1 TTERRER, B
HIG 5H P EHCHE M | milEEOtRE

I R JEJ3E A 5 K A PR T e B ok, TR
R 1T I o 04 1 S A 2 T M S Bk 38 NS0 22

fn PR TN B o SRR A 1 VR AR
AL . y=0.141x1,+0.136%1,+0.157x15—0.179x 14—
0.183x15-0.178x14-0.155%17+0.035%15-0.026x 19—
0.053% 11-0.021x 11, ZH 11, 1y 13y D4y dsy gy
l7. 1. loy Loy Iy 2358 R0 F R | LWC, HLTs.
2d IR 4dER, 6dEMK, HIG, ¥i&E .
TR, s A 1 MERR (K 6), HE
AN RS0 2= SR B Tt R AR 2R G PEIN B, X

TRAREFERIE (P<0.01) .

indicates extremely significant correlation (P<0.01).

H. it B, KIDEE. REEson ., #4

T.HET . FrEs. B TiE. B, X
v T RS R P AR R 1

FE TR PGS BN A [\ 300 2% i APtk AT R 28 40

Br (Kl 3), 25 B/RTERRCEE RS 10 Ab Rl SC.0

AR 3 S AR R e A TR R R e

FASTR PR Bh . Horbr ) AR L AR 12 S, S

frigse, T, ®a 3 s, A5, Bibra. 2
rﬁ?\ B ERE L RGO KIRSE . NE

/IR R AR ﬁ3¢,ﬁﬁu:\§m
Eﬁﬁiu;ﬁé’&?%ﬁﬁTW%%ﬁ
AT AR it b AR BRI R 5 A SR ﬁzﬁ,ﬁ
o6 AN BT RR SR . T, B . HE

Rt S (D AE ), X300 2= SR A TSR B R E%mﬁifﬁ,AME%6ﬁwn
LM (B 2), SRR, BRGEEOCT 0 /06 R £. BB, K00 . KIIEE .
144>, QUFEHEG 22 L MESE . NV L BOHE Bk hEE %
=6 BEZGEFHNBTEERTEHE
Tab. 6 Eigenvector and proportion of comprehensive indicators
1EFR F4r 1 PCL F S 2 PC2 W 3 PC3
Indicator 44 Load Z B Coefficient A7 Load Z A Coefficient g faf Load Z B Coefficient

I 0.745 0.141 -0.252 —-0.105 -0.489 -0.471

I, 0.719 0.136 0.205 0.085 0.040 0.039

I; 0.830 0.157 0.062 0.026 -0.157 -0.151

In -0.816 -0.183 0.084 0.014 -0.336 -0.002

Is —0.942 -0.178 0.039 0.039 -0.182 -0.036

Te -0.968 —0.155 0.033 0.035 -0.002 -0.324

I; -0.937 -0.179 0.092 0.016 -0.037 -0.176

Ig 0.187 0.035 -0.856 -0.357 0.077 0.074

Iy -0.136 -0.026 -0.765 -0.319 0.456 0.440

T -0.278 -0.053 -0.695 -0.29 0.139 0.134

I -0.111 -0.021 —-0.685 -0.286 -0.625 -0.603

LEENRIEN 5.273 2.397 1.036

TTHRHE/ % 50.934 21.793 9.421

It T/ % 50.934 72.727 82.148
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The serial number in the figure was consistent with the serial number corresponding to the cultivars in Table 1.
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Fig. 2 Bar graph of heat tolerance index D values of 38 Oncidium cultivars
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Fig. 3 Dendrogram for cluster analysis of heat
tolerance in 38 Oncidium cultivars
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