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Abstract There are lots of arid and semi-arid areas in China. Breeding drought tolerant cultivars is one of the
important objectives of horticultural plant breeding, including daylily. In order to establish a simple and rapid
selection and evaluation system of drought tolerant daylily cultivars, 10 daylily cultivars with the highest and
lowest leaf surface temperature were selected by the method of measuring leaf surface temperature. The drought
resistant indexes such as stomatal conductance, stomatal density, water loss and relative water content of detached
leaves were measured, and the aboveground biomass of daylily cultivars after drought treatment were observed for
the classification of daylily cultivars. Correlation analysis showed that there was a positive correlation between leaf
temperature and drought resistance. Aforementioned results provided the basis for reference for the selection of
drought tolerant daylily cultivars from a large number of introduction plants or hybrid progenies.

Keywords Daylily (Hemerocallis fulva), Leaf surface temperature, Stomatal conductance, Stomatal density, Dro-

ught tolerance grading and screening system
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Figure 1 Comparison of leaf surface temperature between diploid
and tetraploid daylily cultivars

Note: The different lowercase letter in the picture indicate signifi-

cant difference of p<0.05



=]

T T PR A S5 2R O i A

Tofriii e 7 15 AR AL 3

21 E TR FE LA
Table 1 Leaf temperature of daylily cultivars

f= Ny JELAIR T T i, LA PELATR T T i
daylily cultivars English name Leaf temperature Daylily cultivars English name Leaf temperature
LS i 'Simmons Overture' 31.3 ‘X-15’ ‘X-15’ 29.6
RRTAETE 'Midnight Kaleidoscope' 30.3 ‘B-33’ ‘B-33’ 29.9
‘i HATE 'Zhonggihua' 30.4 ‘B-31’ ‘B-31" 29.8
R L 'Chinese Mountain' 30.4 ‘X-117 ‘X-11" 29.8
Zmetz ok’ 'Chicago Fire' 29.3 ‘C-9’ ‘C-9’ 30.8
i 'Seductor' 31.6 ‘c-8’ ‘C-8’ 314
‘FRFRIRAL’ 'Hidden Depths' 31.1 ‘c-T ‘c-7 31.1
ARG 'Border Music' 315 ‘C-6’ ‘C-6’ 30.6
C—fne’ 'Christmas Greetings' 31 ‘C-5’ ‘C-5’ 30.8
 FE g e A 'Cochineal Canvas' 30.8 ‘c-4’ ‘c-4 30.3
‘R BRRAT 'Astral Voyager' 31 ‘-3’ ‘-3’ 30.2
R 'Spacecoast Better Late' 31 ‘C-22’ ‘C-22’ 30.3
NEEE "Little Grapette' 30.3 ‘c21’ ‘c-217 29.5
AN 15 'Gavin Petit' 313 ‘Cc2’ ‘c-2’ 30.3
‘Rafksg "Purplelicious' 30.5 ‘C-19’ ‘C-19’ 30.1
R "Lavender skirt' 30.2 ‘C-17’ ‘C-17’ 30.4
TET 'Always Afternoon' 29.1 ‘C-16’ ‘C-16’ 30.1
R T "Volaris' 31.8 ‘C-147 ‘C-147 30.4
% "Mighty Chestnut' 313 ‘C-13’ ‘C-13’ 30.4
GREN 'Extra Terrestrial’ 314 ‘B-21’ ‘B-21’ 29.4
R 'Elegant Candy' 31.6 ‘B-20’ ‘B-20’ 29.5
RLERRY I E T ‘Storm of the Century' 30.7 ‘B-2’ ‘B-2’ 32.8
IE 'Bonibrae Sharky' 30.5 ‘B-19’ ‘B-19’ 29.7
‘e 'Autumn Red' 29.7 ‘B-17’ ‘B-17’ 30.9
OIiEIE’ 'Cherokee Patterns' 30.9 ‘B-15’ ‘B-157 29.3
‘BRI’ 'Bandolero' 30.1 ‘B-14’ ‘B-14’ 29.9
o "Pardon Me' 30.3 ‘B-13’ ‘B-137 30.6
‘R RER 'Exotic Candy' 315 ‘B-12’ ‘B-12’ 30.6
ARI A "Your Angel' 30.9 ‘B-11" ‘B-117 30.8
‘PR 'Enchanted Butterfly' 30.1 ‘B-10’ ‘B-10’ 29.2
CEEVEZ K’ "Moses' Fire' 313 ‘B-1’ ‘B-1’ 30.7
REIKEIZ R "Moroccan Summer' 312 ‘X-9’ ‘X-9’ 29.8
“THIFE’ "Facepaint' 31.8 ‘x-7’ x-7 30.6
‘HRE 'Black Passion’ 30.2 ‘X-64’ ‘X-64’ 30.1
FhTAE 'mengzihua' 32.6 ‘X-63’ ‘X-63’ 30.1
BB '"Rosy Rhino' 29.8 ‘X-61’ ‘X-617 29.6
‘T "Marry Reed' 29.4 ‘X-59’ ‘X-59’ 29.3
AN "Rhode Island Red' 30.4 ‘X-58’ X-58’ 29.4
‘YTHE 'Beat the Barons' 30.7 ‘X-57’ ‘X-577 29.6
‘FiFREE’ "Lilly and Petals' 29.1 ‘Cc-12’ ‘C-12’ 30.2
RUEvi 'chonglihua’ 30.6 ‘C-117 ‘C-117 30.4
CELRENE "Rosy Rhino' 29.4 ‘C-1’ ‘c-1 30.1
A "Here Lies Butch' 29.7 ‘B-9’ ‘B-9’ 30.5
e 'Bela Lugosi' 30 ‘B-8’ ‘B-8’ 30.5
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Continuing table 1
=AY JELAFR T T 3 8 f= AT PEL AR VTR I
daylily cultivars English name Leaf temperature daylily cultivars English name Leaf temperature
e’ 'Arctic Snow' 30.1 ‘B-7 ‘B-7’ 30.3
‘EP 'Dan White' 29.9 ‘B-6’ ‘B-6’ 30.5
WAVEE = 'Mountain Laurel' 29.8 ‘B-5’ ‘B-5’ 30.5
e 'Blake Allen' 29.9 ‘B-4’ ‘B-4 30.8
LRk 'Chicago Apache' 30.1 ‘B-38’ ‘B-38’ 29.7
i TS Sre i 'Alameda East' 29.6 ‘X-54’ ‘X-54’ 29.7
RN 'Rio Fiesta' 31.4 ‘X-53’ ‘X-53’ 29.7
HUBRBRECIR 'Rose Katherine' 31.2 ‘X-517 ‘X-51" 29.7
‘I 'Golden Tarantula' 30.6 ‘X-47 ‘X-47’ 29.5
‘U 'Stella de Oro' 31.5 ‘X-46’ ‘X-46’ 29.4
R EA 'Gemini Jack' 30.7 ‘X-45’ ‘X-45’ 294
“MEH A 'Holiday Song' 31.4 ‘X-44’ ‘X-44’ 29.4
“fRimfEs’ "Mask Ball' 30.3 ‘X-42 ‘X-42’ 29.5
HRREREE 'Tason Salter' 31.2 ‘X-40 ‘X-40’ 29.4
LI M "Web of Illusion' 31.4 ‘X-37 ‘X-37’ 29.7
‘ez A’ "Marque Moon' 30.4 ‘X-36 ‘X-36’ 30
T S RERR "Huyemum' 30.6 ‘X-34’ ‘X-34’ 30.1
eI 'Huayejin' 28.6 ‘X-33’ £X-33’ 29.7
CHERENE 'Blackberry Candy' 31.1 ‘X-317 ‘X-317 29.5
CEEYR 'shy tiger' 29.2 ‘X-3’ ‘X-3’ 29.6
‘R 'Orange Crush' 29.7 ‘X-26’ ‘X-26’ 29.9
BE’ 'Pink Abundance' 30.4 ‘X-24’ ‘X-24’ 30.2
AT 'Sun Dried Tomatoes' 30.8 £X-23’ £X-23’ 30.1
MRS 'Belly Button Slipknots' 30.3 ‘X-2’ ‘X-2’ 29.8
‘EYE’ 'All About Eve' 30.1 ‘X-18’ ‘X-18’ 29.6
‘R’ "Tropical Heat Wave' 31.8 ‘B-36’ ‘B-36’ 29.6
N Tilin' 30.6 ‘B-34’ ‘B-34’ 30
o 'Blue in the Face' 30.3 ‘B-30" ‘B-30" 29.9
‘X-13’ ‘Lavender Blue Baby’ 29.1 ‘B-29’ ‘B-29’ 29.4
‘X-12’ ‘Lorynn Nicole’ 28.7 ‘B-23’ ‘B-23’ 29.4
‘B-32’ ‘B-32’ 30.1

SREEVIMS . PR s g xRk 2 ik 8 Atk
T i P2 50 e A AR Y 8 i A dE AT 1 A I oK
HITE o« AR BN AN A A Sh s BRI 2K
HIE 5%~30% [, fh (a2 B 2. “FIFE A
CHEZIR M x-137 ROKFREE w1 AT A
A (4.

I RS 57 7K A S AR ) A P9 7K 2 IR DL )
BRI R MIL T BE, 2002), 1172 i 2 AP i 5
YRR — N EE SRR . 45 REORHEE T F I [H
G0, B AR R R R AR S KR (RWC) & A
R EEES, (2R AR, TR A A FEE S).

TR AR 7d J5, AR AE AR AR
EAT R AR S KRR BRI, HOR X-127 0
TERFE, CEEETE I SRR T R
TREE 14d )5, “HHER KRWC HET
FeE 8 P2 vt 38.3%.
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e 6 P, TR MHE SR 7d J5, CHFHER R
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Table 2 DNA ploidy of daylily cultivars used in this study

=) A AL R PR it KA
No Name of daylily cultivars English name Ploidy Location
1 HRIFE A ‘Lilly and Petals’ IIEEHES HIpS
Tetraploid Shandong
2 ‘x-13’ ‘Lavender Blue Baby’ AR ITES
Diploid Shandong
3 x-127 ‘Lorynn Nicole’ VY fis th 7R
Tetraploid Shandong
4 CEEZR “shy Tiger’ oGk IiER
Diploid Shandong
5 FhTAE ‘mengzihua’ Iy Y7 11 4
Diploid Shanxi
6 = ‘ Always Afternoon’ VY fis th 7R
Tetraploid Shandong
7 AL ‘Huayejing’ Y f544 Lt ZR
Tetraploid Shandong
8 AR ‘Chonglihua’ “AE i)
Diploid Shanxi
0.10 - 300
0.08 1 a
a
0.06 200 ab )
b
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Figure 2 Comparison of stomatal conductance of daylily cultivars

epgE

X127 x13 CREER
‘Lorynn  ‘Lavender ‘shy
Nicole’ Blue Baby’  Tiger’

Note: The different lowercase letter in the picture indicate signifi-
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Figure 3 Comparison of stomatal density of daylily cultivars
Note: The different lowercase letter in the picture indicate signifi-

cant difference of p<0.05

W HFFEE TEWEIER, HHHEHRETE,
‘X-1271 ‘X137 e TN LB BRI A, <5
LR THEN TS BT R ER o Bl B 4 AR K 5
JE A BEMK S

1.3 EXEEH T RN IHEE R

i 5775 S o ) 5 R 25 8 i B T R
AR SE AL . AE Y 2 BT A S Y AT
I I WL 258 A 2 e B TT L (&1 6), (HLAE DL SE &



6 € TR B D 19X 2% i

‘FIFIEA’ ‘Lilly and Petals’
‘x-13"  ‘Lavender Blue Baby’
“x-12° ‘Lorynn Nicole’
“’FJa’  ‘Always Afternoon”
‘M-I ‘Huayejing”
‘HEHPR ‘shy Tiger’
‘PhEE’  “Chonglihua’
P

35

30

25

L 20N I DN I N B )

. hua’
15 mengzihua

10

B RAE %)

Water loss rate of detached leaves (%)

REEE (h)
Treated time (h)

V] 4 7 ) 5 AR I R K R R
T %, p<0.05 55 p<0.01 75

Figure 4 Comparison of water loss of detached leaves among dif-

ferent daylily cultivars
Note: *, **: The difference between p<0.05 and p<0.01
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Figure 5 Comparison of relative water content under drought
stress (RWC)

Note: The different lowercase letter in the picture indicate signifi-

cant difference of p<0.05
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Figure 6 Morphological characteristics of difference daylily culti-

Petals’

R
‘Always
Afternoon”

‘X-12’
‘Lorynn

Nicole’

vars after drought stress treatment
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T3 & — MR F i AR H 3 3 L g PR
TSR WER SR AT AE R T R
s AR A T s U 55 R A B K S K R AR A AR
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Table 3 The Classification and scoring standard of leaf shape index

IG5 2% HPAPIZ (S

Observation index classification Leaf morphology Scoring

| M B IRET R 5
Leaves unfold naturally

1 HIAEAL, TEAET I 4
Blades' top display coking, but leaves still unfold

11 MR, AT, TEAE 3
Blades' top and leaf edges display coking, leaves crimp

v MR TS TR 2
Leaves wither and wilt

\ MR =356 i, TN 1
Leaves wither, crimp and fall off

2 4 W R BT AR 2> AT 5 bR

Table 4 The grading and scoring of the leaf color criteria

RLIAE 732 - (S

Observation index classification Leaf color Scoring

I SPRERM, I EARET 5
Whole plant displays green, and leaves unfold naturally

il M-I 4
Blades' top display coking

11 MREEAL, LG TH 3
Blades' top display coking and leaf edges withered

v FRRl A o 4k 12 2
Scorched leaves account for one-half of the whole plant

% FEARI A b 4k 2/3 1
Scorched leaves account for two thirds of the plant

R 5 M FUBHR bR AN ARt

Table 5 Grading range and scoring standard of leaf texture and glossiness index

5% I TR BRI 1 s

Observation index classification Leaf texture and glossiness Scoring

I LK, R DGR 2

Leaves are full of water and luster
il I P TR RELRRS , I ik S I 1

Leaves are dry and rough, and veins appear

N IR N

i T AR — R e A MR R K 4, S FLZEIS
FeIK— M 5 ZE WA FH 2R IK 1) 80%~90% , A 2 Tiff
Fiia V)8 V5 R AR ) S AL 28 1t v T A =
7511 Gl B HE 55, 2003). 72188 21 F i, i iRaE
A R SAL R R R AR B S AR IR .
—RAB LS, Sy R R e, FEA AR N ABA WK E
ETt, I S B AL R G A | 75 R R, DAY

DK BB (59 4%, 2000; Chen et al., 2016). H
Tt RS S AL (R AR AR K 1 A 56
(Negi et al., 2008), Kb A 5256 S8 F) H it 3R 11 IR
FESRIAT RABTC AT I, PRl IR AT 56
iE. M 10 AT DUE HE S R E Shi R I 2 1E
A, DRI TR FE 1 o] T A A T S R 1)
VA .

ARSI E TR L KRS N S ) Al b, R
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Table 6 Classification of morphological drought resistance index of daylily caltivars under drought stress

TR N

Drought resistance classification

THEEM (28 d T-EALF)
Morphological changes of drought stress (28 d drought treatment)

I

II

I

v

M RSN, ke, sk, 2K 7 d, B ERRIEH

The leaves naturally extend outward, the whole plant displays green, blades’ top is green, and the
plants returns to normal after 7 days of rehydration

R R R, SNEIT AR R S R, MR KOG A, BOK 7 d, EEIRE IEH

The middle layer of leaves rolled inward, the outer layer began to wilt and wither, and the tip and
edge of leaves were coked, and the plants returns to normal after 7 days of rehydration

R RN IR, SNRM AT

Middle layer leaves wilt and droop, outer layer leaves scorch and dry

SRR 5 APk 172, PR E G, TR

Coking leaves of the outer layer accounts for one-half of the whole plant, the whole plant is wilted
and curled, and the leaves are dry

TG R bk 2/3, B TG, BRI, FERRSETS

The withered leaves account for two thirds of the whole plant, the plant shrinks and dries up, plants

cannot be recovered after rehydration, and the plant dies finally

R 7 8K T d JaEFE A RACTEARTF RS 7 b i

Table 7 The grading range and scoring standard of morphological change indexes 7 days after recover

RLIEL 7 24 WA 7 d RN (S0

Observation index classification Morphological changes after 7 d of watering Scoring

I T T, BRRE 4
Natural recovery without intervention

1 BIRRA B, HARKE 3
Natural recovery after cutting off some leaves

I BURRER B, SEHIL I, H AR KR 2
Natural recovery after cutting off some leaves and replacing culture media

v SRR B, S, REARAETS 1

The plant dies finally, even after cutting off some leaves and replacing culture media

R 8 E T F VPS54

Table 8 Evaluation system of drought tolerance and determination of drought tolerance grade

PR LA VP 54> i 574 2531
Comprehensive rating of drought resistance Scoring Drought tolerance level
I 14-16 e T - 5
Highly resistance to drought stress
I 11-13 fiKf 5
Resistance to drought stress
I 7-10 AN -5
Sensitive to drought stress
v 0-6 N

Highly sensitive to drought stress
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Table 9 Drought tolerance classification of tested daylily cultivars

ETRS) B H_ETEA S TR IL R AR i 14573 iR 5 5 4
Number Name Partial screening of aboveground morphology Drought Drought
RIS mRBE R BKES tolerance score  tolerance grade
Leaf Leaf color  Leaf Morphology
morphology texture after rewatering
1 FiFTEE 4 4 1 3 12 I
‘Lilly and Petals’
2 ‘x-13’ 3 3 1 2 9 I
‘Lavender Blue Baby’
3 ‘x-127 2 2 1 2 7 I
‘Lorynn Nicole’
4 ‘“HEER 2 1 1 2 6 I\
‘Shy Tiger’
5 TR 5 4 1 4 14 I
‘Mengzihua’
6 “FlE’ 3 2 1 3 9 Il
‘ Always Afternoon’
7 MR 3 3 2 3 11 I
‘Huayejing’
8 AR 3 3 1 4 11 Il
‘Chonglihua’

10 B HEH AL T AR RR AN AR S S A

Table 10 Correlation analysis of leaf temperature, drought tolerance index and drought tolerance ability of daylily

M SD 1 2 3 4 5 6

1 TR 30.26 1.87 1

Leaf surface temperature
2 RALERE 158.13 49.08 -0.576

Stomatal density
30 RALeE 0.06 0.02 -0.421" 0.622 " 1

Stomatal conductance
4 HXEKE 73.63 7.45 -0.530 0.549 0.035 1

Relative water content
5 B RAKER 0.17 0.07 -0.427" 0.651™ 0.702 0.105 1

Water loss rate of detach leaves
6 M 9.875 2.73 0.783™  -0.566"  -0.413" -0472%  -0.604™ 1

Drought tolerance grade

VE:*, % p<0.05 5 p<0.01 FIZE S
Note: *, **: The difference between p<0.05 and p<0.01

FFEE— M BH B K T AR Y , 728 M6 AF R B O HE 2%
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