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Physiological response of Phalaenopsis to drought stress and its drought
tolerance evaluation

Si Baohua', Zhang Lijuan', Alimire-Wubuli’, Lyu Minghao', Ma Wenshu', Liu Haijuan', Dong Fei’
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Abstract: [Objective] Exploring the physiological response to drought, to screen drought-resistant varieties, accelerate the breeding
of drought-resistant Phalaenopsis varieties, meet the market demand in arid areas, and improve economic benefits. [Method] Eleven
Phalaenopsis cultivars were selected, and their photosynthetic parameters, chlorophyll fluorescence characteristics and physiological
indexes were investigated after natural drought following watering, and the drought-resistant varieties were screened out by using
membership functions and cluster analysis. [Result] As the water content decreases, the net photosynthetic rate, chlorophyll
fluorescence parameters, and chlorophyll content of most varieties continuously decline, while the intercellular CO, concentration,
electrical conductivity, soluble sugar content, and malondialdehyde content continuously increase. The contents of CAT, SOD, and
soluble proteins show a trend of first increasing and then decreasing. The drought tolerance evaluation system constructed based on the
membership function method indicates that the drought tolerance ranking of the varieties is as follows: ‘Gold Princess’ > ‘Dior’ >
‘Sunrise’ > ‘Aurea Mocha’ > ‘Las Vegas’ > ‘Anna’ > ‘Prince Berry” > ‘Bordeaux’ > ‘Gongxi Facai’ > ‘Man Tianhong’ > ‘Dream
Lady’ . Through cluster analysis, the 11 Phalaenopsis varieties are divided into two categories based on their drought tolerance. The first
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category consists of six drought-tolerant varieties, namely ‘Gold Princess’ ‘Dior” ‘Sunrise’ ‘Aurea Mocha’ ‘Las Vegas” and ‘Anna’, the

second category includes five general varieties, namely ‘Prince Berry” ‘Bordeaux’ ‘Gongxi Facai’ ‘Man Tianhong’ and ‘Dream Lady’.

[ Conclusion] ‘Gold Princess’ ‘Dior’ ‘Sunrise’ ‘Aurea Mocha’ ‘Las Vegas’ and ‘Anna’ can adapt to the dry climate of Ningxia and are

suitable for planting and popularizing in Ningxia; ‘Prince Berry’ ‘Bordeaux’ ‘Gongxi Facai’ ‘Man Tianhong’ and ‘Dream Lady’ may

need frequent watering in the arid area of Ningxia and the cost is high, so they should be planted appropriately.

Keywords: Phalaenopsis; drought stress; physiology; membership function; drought tolerance evaluation
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Table 1 Phalaenopsis varieties used in the experiment
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Table 2 Phalaenopsis leaf phenotypic traits evaluation
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Table 3 Effects of different water contents on leaves of Phalaenopsis

H 44 T 241474820 Drought damage index
Variety Tl T2 T3
SRR LSWIS 0+0a 0.500£0.107 ab 0.900+0.238 ab
IRE R GXFC 0+0a 0.60040.316 ab 1.000+0.471 ab
‘NI ET’ BRWZ 0+0a 0.800+0.422 ab 0.900+0.483 b
SR AN 0+0a 0.700£0.483 ab 0.900%0.376 ab
O HI 0+0a 0.800+0.232 ab 0.900+0.238 ab
‘HIt RS 0+0a 0.600+0.116 ab 0.700+0.483 b
‘g JYKF 0+0a 0.50040.207 ab 0.700+0.675 b
SHRL MTH 0+t0a 0.600+0.466 ab 1.000+0.316 ab
‘A4 4 B MHNL 0+0a 0.900+0.376 a 1.500+0.527 a
‘AT IGZ 0+0a 0.200£0.422 b 0.6000.516 b
‘B DA 0+0a 0.400+0.216 ab 0.600+0.617 b
“F-¥J1E Average value 0 0.592+0.050 0.842+0.045

T OAENE TR ESEE (P <005 . AL, Different lowercase letters indicate significant difference(P << 0.05). The same below.

R4 NEDZKEXWIR=M AL EERNFNT
Table 4 Effects of different water contents on photosynthetic physiology of Phalaenopsis leaves

JfalE] CO, ¥ FZ

ki o ek R TR E RIOBERT RS I LAY
Water Variety Net photosyl‘{tzhefllc concentration / JeE LES Total performance
content rate /(mol'm ~-s ) (umol-mol ) FJF, FJF, index
LSWIS 2.24+0.26 a 227.33+16.25 be 0.790£0.001 f 3.694+0.07 ¢ 1.9740.29 be
GXFC 1.1940.04 be 269.00t11.30 abe 0.810£0.002 cde 4.381+0.06 ab 2.10%0.39 be
BRWZ 0.49+0.06 d 135.67£2.60 d 0.810£0.006 de 4.58+0.11 ab 2.60+0.36 ab
AN 0.52+0.01d 296.00+12.40 ab 0.820+0.003 cd 4.3410.09b 1.57+0.09 ¢
HJ 1.31£0.16 be 235.67+18.34 be 0.810£0.003 cde 4.51%0.16 ab 1.48+0.14 ¢
T1 RS 1.03£0.63 cd 263.33+16.72 abc 0.8201+0.004 bed 4.66+0.16 ab 2.03+0.16 be
JYKF 1.714+0.57 ab 260.33+10.08 abc 0.820£0.002 abc 4.5940.07 ab 1.574+0.16 ¢
MTH 0.48+0.12d 325.33£15.69a 0.820£0.002 abc 4.5740.07 ab 1.864-0.24 be
MHNL 1.56+0.10 be 258.33£18.59 abc 0.830£0.003 ab 4.444+0.32 ab 2.734+0.43 ab
IGZ 1.3940.34 be 206.33+5.73 c¢d 0.830+0.004 a 482+0.11a 3.25+0.48a
DA 1.661+0.35b 196.67+£13.89 cd 0.800+0.006 e 42610.08 b 1.954+0.22 be
LSWIS 1.334+0.68 b 313.33£18.01 ab 0.750+0.045 ¢ 3.284+0.50b 1.3940.04 bed
GXFC 2.201+0.66 a 394.67+£10.67 a 0.790£0.023 abc 4.07+0.18a 1.7240.16 bed
BRWZ 0.30+0.18 cd 215.33£18.35b 0.760£0.019 be 441+0.13a 2.16%0.14 ab
AN 0.38+0.11 cd 408.67+23.43 a 0.810%0.003 ab 411£0.09a 1.3540.12 bed
HJ 0.90%0.13 bed 366.00+24.93 ab 0.800+0.004 abc 3.92+0.13 ab 1.18+£0.15cd
T2 RS 0.65+0.12 bed 331.67£8.95ab 0.790£0.015 abc 448+0.13 a 1.84+0.32 be
JYKF 1.05£0.11 be 392.33+5.70 a 0.810£0.004 ab 422+0.12a 0.96+0.07d
MTH 0.24+0.06 d 371.67+18.34 ab 0.810£0.003 ab 425+0.09a 1.5740.37 bed
MHNL 0.90%0.74 bed 320.00£11.06 ab 0.810£0.001 ab 3.96+0.40 ab 2.13£0.19 ab
IGZ 0.5940.12 bed 305.67+12.11 ab 0.830+0.003 a 429+0.08 a 2.834+0.57 a
DA 0.934+0.37 bed 266.33+13.90 ab 0.800£0.004 ab 3.77+£0.21 ab 1.6240.19 bed
LSWIS 0.1440.06 be 429.00+15.41 ab 0.720£0.035 be 2.094+0.09d 0.91+0.42 ab
GXFC 0.63+0.10 abc 455.00+15.58 ab 0.760+0.018 abc 3.20%0.31 be 1.261+0.08 ab
BRWZ 0.25+0.13 abe 414.00+16.96 ab 0.710%0.006 ¢ 3.62+0.17b 1.48+0.23 a
AN 0.20%0.01 abe 561.00£23.52 a 0.780%0.019 ab 3.63+0.32b 1.2740.02 ab
HJ 0.18£0.06 abc 466.00+19.92 ab 0.780£0.016 ab 3.95+0.07 ab 1.0410.02 ab
T3 RS 0.47+0.20 abe 405.00%14.60 ab 0.750£0.018 abc 3.52+0.16 be 1.20+0.15 ab
JYKF 0.68+0.78 a 560.33+11.09 a 0.780+0.018 ab 4.021+0.30 ab 0.86+0.04 ab
MTH 0.21£0.06 abc 570.67+1.86 a 0.740£0.029 abc 3.62+0.27b 0.691+0.04 b
MHNL 0.21£0.08 abc 494.00+8.68 ab 0.750£0.026 abc 2.78+0.33 cd 138021 a
IGZ 0.13£0.01 ¢ 322.67+16.48b 0.810%0.003 a 4561020 a 1.36+0.23 a
DA 0.65+0.23 ab 323.33+5.58b 0.770£0.017 abc 3.5610.36 be 0.94+0.17 ab
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Table S Chlorophyll content of different Phalaenopsis varieties under different water contents

o Moz a B ISYURE S Nt 23K alb
V””_ﬂ] Chlorophyll a content /(mg-g ™) Total chlorophyll content /(mg-g™") Chlorophyll a/b
ariet
Y T1 T2 T3 T1 T2 T3 T1 T2 T3

LSWIJS 32.82+0.69 bed 3.58+0.06 cd 2.81£0.10 ¢ 50.0741.01 bed 9.01+0.23 ab 7.47+0.19abc  1.90+£0.03 f 0.6640.02 bc 0.60+0.02 be
GXFC 2541+1.02ef 237%0.19f 1.72+0.13 ¢ 36.83+2.07 ef 6.55+0.84 bed 5.32+0.35¢cd 2.23+£0.03de 0.58+0.05¢ 0.48+0.05d
BRWZ 3228 +1.04 abc 2.284+0.22 cde 1.86+0.21d 46.25+1.61 cde 552+0.34d 5.14+£0.77d 2.32+0.04 bed 0.70£0.05abc 0.58+0.03 ¢
AN  31.3440.69a 3.47+0.55a 2.71+0.32a 455620.92cde 8.55+1.28 be 7.07+0.73 abed 2.20£0.01 ef 0.6840.03 be 0.62+0.02 be
HJ  26.40%+1.20f 2.74%+0.18 ef 2294032 ¢ 38.391+1.84 def7.12+0.60 bed 5.82£0.74 bed  2.20£0.02 ef 0.63£0.03 be 0.6510.01 abe
RS 39.85+1.20 def 3.70+0.50 def 2.53£0.39d 56.82+2.11 abc 8.79+1.12 ab 6.35+£0.90 abed 2.35%0.01 be 0.73+0.06 abc 0.66+0.02 abc
JYKF 21.93+0.25 cde 2.81£0.39 cdef 2.59+0.29d  31.54+0.24 f 7.05+£0.89 bcd 6.7020.91 abed 2.28 £0.04cde 0.66+0.03 be 0.64+0.02 abe
MTH 27.71+0.24 ab 3.701+0.39 ab 2.79+0.12 ¢ 39.041+0.40 def 8.5510.73 bc 6.93+0.35abcd 2.45+0.04a 0.76£0.05 ab 0.68+0.02 ab
MHNL 2299+ 1.11 def 2.18+0.43 f 2.03£0.29b 32.60£1.07f 5.79+0.53cd 5.51%£0.73 cd 2.40%£0.04 ab 0.64+0.06 bc 0.58+0.04 be
JGZ 41.67+0.88abcd3.77+0.38 cde 3.224+0.10d 60.09+t1.21 ab 9.34+£0.97ab 8.16+0.39a 2.26%0.02 cde 0.68+0.01 be 0.65+0.02 abe
DA 42.78+0.59abc 5.23+0.15bc 3.31+0.31 ¢ 63.02£0.95a 11.54+0.34a 7.93+0.72ab 2.12+0.05¢ 0.84+0.07a 0.72+0.04a
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Fig. 1 Effects of different water contents on physiological indicators of Phalaenopsis leaves
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MDA: N __f#&HE; Chla: M4 a & fE: Chlb: M43 b &; Chl: G4k &1 Chlab: l kK ab.

*, P < 0.05; **, P < 0.01; ***, P < 0.001. P,: Photosynthetic rate; C;: Intercellular CO, concentration; PI total: Total performance index of photosynthesis;
F.,/F,: Maximum photochemical quantum yield; F,/F,: Potential photochemical efficiency of PS II ; 6: PS II light absorption cross-section; CAT: Catalase activity;
SP: Soluble protein content; SS: Soluble sugar content; SOD: Superoxide dismutase activity; MDA: Malondialdehyde content; Chla: Chlorophyll a content;
Chlb: Chlorophyll b content; Chl: Total chlorophyll content; Chla/b: Chlorophyll a/b.

B2 AEHEREXED

Fig.2 Correlation analysis of different indicators
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Table 6 Membership function values and comprehensive ranking of 11 Phalaenopsis species
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values
JGZ 0 1.000 0.841 1.000 1.000 0.343 0.402 0.350 0.465 0.234 0.715 0943 1.000 1.000 0.720 0.667 1
DA 0952 0.997 0317 0.610 0.593 0.235 0.427 0.105 0.665 0.298 0.541 1.000 0.803 0.922 1.000 0.631 2
RS 0.626 0.668 0.640 0.419 0.578 0.484 1.000 0.641 1.000 0.244 0.841 0.506 0.322 0.399 0.739 0.607 3
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