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F 1. 2016 FFFEE AR (R A RARMNT 2R EE -

Table 1. Heat resistance screening for varieties of Chinese kale grown in a growth chamber in 2016”.

Variety ASPAD’ AEL™ (%) Withering index (%)
16-1201 12.4 343 91.7+0.8
16-1202 19.0 21.5 62.5+0.5
16-1203 7.6 26.2 79.2+04
16-1204 10.2 34.0 87.5+0.5
16-1205 10.0 28.4 78.0+0.9
16-1206 11.4 49.5 750+ 1.4
16-1207 12.5 9.3 85.0+0.5
16-1208 9.3 41.8 85.0+0.5
16-1209 7.2 37.1 90.0 +£ 0.5
16-1210 10.2 27.7 80.0+0.8
16-1212 15.6 249 83.3+0.5
16-1213 6.8 32.0 87.5+0.8
16-1214 22.0 30.2 755+1.1
16-1215 12.8 54.6 66.7+0.8
15-1216 12.3 56.4 75.0+1.0
16-1217 6.2 36.8 83.3+0.8
16-1218 9.2 28.1 83.3+0.8
16-1219 3.5 19.9 62.5+0.5
16-1220 7.9 27.9 66.7+0.8
16-1221 7.0 459 79.2+0.8
16-1222 16.8 332 75.0+0.6
16-1223 4.8 329 62.5+0.8
16-1224 2.5 26.4 79.2+0.8
16-1225 11.1 60.7 91.7+0.5
16-1227 13.1 72.1 95.8+0.4
16-1228 0.3 30.4 93.8+0.5
16-1229 (CK") 9.7 47.6 75.0+0.1
16-1230 2.1 31.6 83.3+0.5
16-1231 (CK) 5.0 533 66.7+0.5
16-1232 3.6 322 66.7 £ 0.5
LSD' 0.05 5.1 3.6

*x *x

Significant differences" NS

“ Sowing date: May 24, 2016; survey date: June 13-20, 2016.

¥ SPAD: soil and plant analyzer development.

*EL: electrolyte leakage.

“CK: check.

" LSD: least significant difference.

“NS, ", "": the differences were not significant, significant at 0.05 and 0.01 levels, respectively.

75 sllass BEH - B E B RERIKZ B BREZ2RERERK > 4750/ 12.1 - 10.5~ 10.5
gk, ~ FEE, - R K F41E B 7.2% » if HOR/AR R B 38°C/30CR B » &
il (%) P HBR/AR R By 25°C/30° CRR FLAE - fRE B REE > 7alk 159 ~ 144~ 13.6 )
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Table 2. Field survival rate for varieties of Chinese kale in 2016".

Variety Survival rate (%) Variety Survival rate (%)
16-1204 333 16-1219 8.3
16-1205 25.0 16-1220 8.3
16-1207 0.0 16-1221 41.7
16-1212 25.0 16-1222 41.7
16-1213 333 16-1223 16.7
16-1214 58.3 16-1226 25.0
16-1215 25.0 16-1228 8.3
16-1216 16.7 16-1229 (CKY) 8.3
16-1217 16.7 16-1230 333
16-1218 333 16-1231 (CK) 25.0

“ Sowing date: August 2, 2016; planting date: August 22, 2016.
¥ CK: check.

3.

TrEE 6 EanfE (F) BrHAA RAGM ZAGT B BT 34T

Table 3. The analysis of variance for traits of heat tolerance among 6 varieties of Chinese kale grown in a growth

chamber.

Mean square of parameter”

Source of variation df SPAD Fv/Fm EL
Block 2 5.1 0.0002 7.8
Temperature (T) 3 732" 0.0020™ 373"
Cultivar (C) 5 116.7" 0.0005 527"
TxC 15 9.7" 0.0003 0.5
Error 46 2.9 0.0004 5.8

“ SPAD: soil and plant analyzer development; Fv/Fm: maximal quantum efficiency of PSII; and EL: electrolyte leakage.

", "significant at 5% and 1% levels, respectively.

TR

# 4. FrE

6 {lElin il (%) B A RARMIPAER 28 2 SERREDE -

Table 4. Leaf chlorophyll fluorescence Fv/Fm of 6 varieties of Chinese kale grown in a growth chamber for heat

resistance screening.

Fv/Fm
Temperature (day/night) ‘Fengshan No. I’ ‘Chui Chun’ ‘Lan Xing’ JiLlr ‘Hei Ma’ Yi Jia’
25°C/30C 0.749 ab” 0.734a 0.750 a 0.743 a 0.763 ab 0.745 a
30°C/30C 0.782 a 0.771 a 0.771 a 0.744 a 0.790 a 0.760 a
35C/30TC 0.743 ab 0.744 a 0.769 a 0.760 a 0.755b 0.748 a
38°C/30TC 0.737b 0.743 a 0.748 a 0.755a 0.749 b 0.748 a

“Means followed by the same letters within each column are not significantly different at 5% level.

%

E

10.1% - KL > FEZRBEVRE RN > EFE
RERMINEE -

FrERE 6 EmiE (B 0 o RN RFE
% H SE/TR SE 30°C/30°C ~ 35°C/30°C K

38C/30°C » i UM = 2 R ARIE 1Y 6 fl e Ky ¥
it M & H Fo~ Fm & Fv/Fm %5 3 8% £ 2
SfE - ETT o ERBUR » Bk Fo 28041 > Fm
Ko Fv/Fm 2 8UE A [R5 FE e B Y £ RUE 2 iR
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Table 5.
screening.

Electrolyte leakage rates of 6 varieties of Chinese kale grown in a growth chamber for heat tolerance

Electrolyte leakage (%)

Temperature (day/night) ‘Fengshan No. I’ ‘Chui Chun’ ‘Lan Xing’ JiLv ‘Hei Ma’ Yi Jia’
25C/30C 12.1a° 10.5b 10.5a 125a 12.6a 72a
30°C/30C 12.6a 11.3b 11.7a 13.8a 132a 85a
35C/30C 13.7a 13.2 ab 124 a 142a 147 a 8.6 ab
38C/30C 159b 144 a 13.6a 164 a 153a 10.1a

“ Means followed by the same letters within each column are not significantly different at 5% level.

BEZR > FmEFFEMEAHREEEZR |
Fv/Fm fEA [l anfl ] 22 BA B - Hh Fm &
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PyoniE RS | SREDET M ALLEG R - &
RAFRTFOR « RN R E 1% BEKE
BRI EME 2 MiRkE R E 5% BEKE -
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Table 6. The analysis of variance for leaf chlorophyll fluorescence among 6 varieties of Chinese kale grown in a
growth chamber.

Mean square of parameter”

Source of variation df Fo Fm Fv/Fm
Block 2 0.00005 0.00249 0.00008
Temperature (T) 3 0.00016 0.00536" 0.00263"
Variety (V) 5 0.00020 0.00519"™ 0.00045
TxV 15 0.00023 0.00184" 0.00035
Error 46 0.00017 0.00078 0.00042
: lig): minimal fluorescence; Fm: maximal fluorescence; Fv/Fm: maximal quantum efficiency of PSII.
, significant at 5% and 1% level, respectively.
7. 2016 F5 A LLEGEER -
Table 7. Comparisons of growth traits between varieties of Chinese kale in 2016".
Plant height Canopy width Leaflength Leaf width Number of leaves Stem diameter Fv/
Variety (cm) (cm) (cm) (cm) (No.) (cm) SPAD’  Fm
‘Fengshan No. I’ 36.7 50.9 22.6 18.3 10.1 229 547  0.666
‘Ban Zhou Ye’ 37.2 45.6 19.3 17.7 11.8 19.9 62.6 0.638
Significant difference® NS NS ” ’ NS ’ NS NS

“ Sowing date: June 6, 2016; planting date: Jnue 29, 2016; survey date: August 1, 2016. Planting location: Fengshan Tropical Horti-
cultural Experiment Branch, Taiwan Agricultural Research Institute, Kaohsiung, Taiwan.

¥ SPAD: soil and plant analyzer development.

* "Significant at 0.05 with 30 sampling dates using unpaired ¢-test analysis.
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Table 8. Comparisons of growth traits between varieties of Chinese kale in 2017

Plant weight Plant height Canopy width Leaflength Leaf width Number of Stem diameter
Variety (g) (cm) (cm) (cm) (cm) leaves (No.) (cm) SPAD”
‘Fengshan No. I’ 255.6 a" 455a 38.4 ab 24.1a 20.2 ab 8.7a 19.1a 51.0b
‘Chui Chun’ 245.1a 40.1 abc 399a 240a 18.0 be 7.7b 17.5a 60.3 a
‘Lan Xing’ 260.5 a 374c¢ 40.1a 21.1 be 204 a 7.6b 192a 6l.2a
JiLy 173.7b 39.9 be 36.7 ab 22.4 ab 173 ¢ 73b 17.1a 64.5a
‘Hei Ma’ 224.5 ab 36.0c 36.1a 193¢ 17.9 be 7.6b 18.6a 6l.4a
Yi Jia’ 219.9 ab 44.5 ab 38.8 ab 22.7 ab 204 a 7.6b 179 a 60.4 a

* Sowing date: December 13, 2016; planting date: January 3, 2017; survey date: February 2, 2017. Planting location: Fengshan Trop-
ical Horticultural Experiment Branch, Taiwan Agricultural Research Institute, Kaohsiung, Taiwan.

¥ SPAD: soil and plant analyzer development.

* Mean with the same letters referred to no significant difference by the LSD test at P < 0.05.
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$ER B SPAD ZE S B2 5% BIE /KA > B
Btk RIE - BE - ERE EXRESR
72 ES R A B AR - 78 TRl 15k
R EhE BRRRE - TEKEE
ol EEE ) HEHREEAREA AN - B AR
(£ fﬁﬁ}% J& - SRS - DRV ¥ﬁnu
£ WEKLLI 15k, BAMNE - CIRENEL
AP BT E R AR - HS %**ﬁ?&ﬁ%
%Uﬁﬁ °
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B SN T 2 i S B 8 E BT AT 0 R
FEERR % - £ EREINEIE R SR 1
AR~ DR G R FE AR A E R AR AR R AR (Xie et
al. 2008) - BT Z N FMHBIOTFTHE L - RAE—

Table 9. Comparisons of growth traits between varieties of Chinese kale in regional trial at Ligang Township of

Pingtung County in 2018".

Plant Plant Canopy Leaf Leaf Number Stem
weight height width length width of leaves diameter Yield
Variety (2) (cm) (cm) (cm) (cm) (No.) (cm) SPAD®  (Mgha)
‘Fengshan No. I’ 31.6 26.7 25.5 15.5 11.8 4.8 10.1 46.8 7.0
‘Chui Chun’ 352 25.9 20.3 15.3 11.0 5.8 11.6 54.4 7.8
Significant difference™ NS NS NS ’ NS NS NS ’ NS

“ Sowing date: July 16, 2018; planting date: August 6, 2018; survey date: September 4, 2018.

¥ SPAD: soil and plant analyzer development.

*"Significant at 0.05 with 30 sampling dates using unpaired ¢-test analysis.
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L ZE o BRI FHREZE - Chang (2008)
MFHTEE 8 (B il N e e Rt E Bl
GEEE - o EMERME - AR RER
EGEEENEG R AR EHKEAER (R
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Selection of Heat Tolerant Chinese Kale Cultivar
Hui-Ling Lo', Chen-Yu Lin’, and San-Tai Wang”"

Abstract

Lo, H. L., C.Y. Lin, and S. T. Wang. 2019. Selection of heat tolerant Chinese kale cultivar. J.
Taiwan Agric. Res. 68(4):293-304.

This research is to evaluate heat tolerance in Chinese kale for the purpose of new variety se-
lection. The physiological indices under high temperature conditions, such as soil and plant analyzer
development (SPAD), maximal quantum efficiency of PSII (Fv/Fm) and electrical conductivity (EC)
value, were investigated for heat tolerance selection in addition to high quality and high yield. In
the growth chamber of day/night temperature 35°C/30°C, thirty-two Chinese kale lines were screened.
Two lines, numbers 16-1219 and 16-1223, were selected with SPAD value above 30, EC value lower
than 50%, and withering index lower than 65%. In field trials, numbers 16-1214 and 16-1221 were
screened out from twenty lines with erect plant type, leaf tip leaves, stronger branches and leaves and
sparse leaf at the base. They expressed heat tolerant traits and can be used as hybrid parent in future
breeding program. The results of three heat-resistance indices, SPAD, Fv/Fm and EC value, were test-
ed for six varieties of Chinese kale in growth chamber. Varieties ‘Fengshan No. 1’, ‘Lan Xing’ and ‘Hei
Ma’ were found more superior in heat tolerance performance than other cultivars/lines.

Key words: Chinese kale, Heat tolerant, Selection.
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