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Effects of NaCl stress on growth and related physiological
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Abstract: We explored the salt tolerance mechanism of Hemerocallis minor to be able to select good salt-tolerant plants
and alleviate the problem of soil salinization. Using a sand culture method, we analyzed how different concentrations of
NaCl stress (0, 50, 100, 150, 200, 250 mmol - L") influence the growth characteristics, cytoplasmic membrane
permeability, and organic osmotic adjustment substance content. The results were as followers: (1) The damage to
H. minor began at an exposure of 100—150 mmol + L of NaCl, but did not affect survival. Growth was significantly
inhibited at concentrations above 200 mmol + L. Side effects at this concentration included: root system

underdeveloping, damaged leaves, and insufficient dry matter accumulation, which seriously affected plant survival
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status. (2) Under 50— 150 mmol + L™ of NaCl stress, the cell membrane permeability and MDA content increased

slightly. NaCl stress at this concentration range causes limite amounts membrane lipid damage. NaCl stress above 200

mmol + L' makes it impossible to maintain ion balance and the selective permeability of the membrane is lost. (3)we

found that as the concentration of NaCl increases, the content of proline in the leaves increased significantly. Under 50—

100 mmol - L™ of NaCl stress, the soluble sugar content increased at the initial stage of stress, and reached its maximum

on 15 d. Soluble sugar content began to decrease at a later period and the soluble protein content in the leaves changed

more slowly. This indicated that the main osmotic adjustment substance in H. minor was not soluble protein. Studies have

found that H.minor can alleviate salt damage to plants by improving cell membrane permeability and promoting the

synthesis of organic osmotic adjustment substances. This allows for H. minor to grow normally in saline-alkali soil under

50-100 mmol - L.

Key words: Hemerocallis minor, NaCl stress, osmoregulation substance, growth, membrane permeability

F [l R el 1 AR, AR ) I 2Z T AR R Tl
HYAE H b it AR S5 BoK A $h ik 4
GAVEORN T/ N T = 7/ SR SIS € AN B 1B
B, ER kb A W o R0 B (KR A
2017) , PR A P, W R 0 - S9N B BT 5 R,
H s /D b 3R 7K 23 1 28, Ta] N AR 40 i R % - i)
Sy AT B A LS L e e R
P o A b 0y AR 7 AR A A (5K 28 5 5
2012) . /NEAESE ( Hemerocallis minor) +2 Pl & 467}
( Asphodelaceae ) & ¥ J& ( Hemerocallis ) 2 4F 1= KL R
FEW, 73 ] - 1 6 A 1 A2 3 45 o P R 1 AR
ARACH X LA K BV | H N A4, R i R JE R
i, 2t o U0 F5 00 i Sk BAE B A ORE (28 2R H i
i,2002) a5 R R=ILIRG , WL S H AL 3 56 1 36
Bih R BLAS o a0 2 68 7 5 18y X R A /)N B 4E
S, BUnl LIS R m A A R IR . H AT, B
SR/ INE AL SR G TE A R 9T A P A
FAL 2 0 25 A L ( Zhao et al., 2018; F 4
BRI A 4 4%, 1993 5 FL 41 A F R Hi 45, 1990)
B, X6 /INEE A8 S T kA A A BAIL ) ) TR A BF
SC, A BT AT TR T R BE T, by i A ) 1 O
TE, W /INEE A S FE R B b DX A 4R N AR
i EA o EEA L E L

Ismail et al. ( 2014) W58 R B, AT Na* il
CL™ 5 | EAE Iy PN 38 45 4 0 A 2 D) 6 ) A2 Ak, 48 it B
AN Y PR T A A A 22 Rk A
1 SR 05 B 2H o AR Ak T I PR AR DL ROk
AV FH RO A S H SE AR W Y i ER LA
[F], A= PR ] o 4k v 0 3R B AR A AT
WEE T, R EENGFEXEBEMGE, H
Py N K ST v i B 1 3 B A BT b AR T 4
IR e RIAE WK g ) 32 3 ™ EH AW, 3 BUE

Wy K PR, 90 0 1) A G s UG B T R
BROE . o RS R BRI Na, B
LA R T KT Ca® " B MR ISR X 7, AT
SECEYI B IR o WAz B, (A KR F 52 40
FEE I EOHAE T (IR MRAE 2015 529 ,2019)
B HEY) BB B 1 RE W S AR W R T £
U MR AR Sy BRASR DT/ B A S it 6 1
FUTR 542 BEALH) , AS B 5% e O/ B 4B 2 4R 2R
R, R AR MR B NaCl i WL 1 98 46 rae
PREE LI /1N B A6 S A0 A [R) R 5 R Wk 3E T A 2R
AR, [R] IS 3 7 i 5 74 A= BRAE AR 2 18] 59 AH 5C 1 K
FUTREEAURE , DUYT A Aff /) 3 26 2 ) i £ Y 1D, S /)
BB S I ST TR AR 7 S e R (A RE A R

1 #R5 7%

1.1 #7184

TS T 75 P A HRl H7 AR 27 B A R4
Bel 1A Ay i SRR 7K X e 445 2R 7 A S ) 2 e A
IR A R AT 38 R D E K, 2019 FEFR R 1
A RARIL R4 Te e U AR HIeA —Hiy /o
PO 2 AR E FRAN T R TR AR AR [ V(R
1) s v(iEA) =5 1 iR, KRa b0 E
025 em, WRIE N 20 em, B4 3 bR, B 75 0 L
2.5 kg, WA XS AR HEAT B RS B, SR A ) vk
& NaCl B9 1/2 Hoagland BCJ7 5 IR R 2 KRB 1
W PAIE BB IR AR, S8 1 S X4 AT
ML A 2 REEHE 1 & A AR Y NaCl
Y 1/2 Hoagland Bt /78 F7 , B GEHE M 500 mL,
1.2 X%t

R BEHLIX A BT, B E NaCl 5 4B K F-
(50,100,150 ,200,250 mmol - L") #4754



932 OO0 M W

41 %

PR 5 L3 E S, LAZRIB K X IR(CK) . 2019
A7 F A F R v AT R TR B R e b B b
AR 25 d, FEMR A AL BEAYEE 25 RiEFTHIbRIE
SRR AAE Y BRI 5E 5 72 B Ab 3 5.10,15,
20,25 d fF, 43 il O ik B A [R] J7  o ()37 T
et R, e R e R A R R — B K 7
i QUL Sy R = R R85 SO R o 2
WA PR B A -80 CHBARE KA R AT, ZJ5 AT
BT AR IE . AR E S IE 3 K,
1.3 Fik
1.3.1 #Hphia T A KB RGN Z
1.3.1.1 RIS bR PRS- 00 6 AR 2 3 3] AR
KA B B AEARS . SR b B8 25 d JR gt K
JERTF 1 em M9 EHT AR,
1.3.1.2 MR 53650 WL iaa Ab BRER 25 K1
MR A2 O, AR I R R A7 1R B i A
EIE R 0 G (MR RBUATESIER ) 1% (MW
RIA A DRI e AR AR ) T
(W RINA L 5 A g (i
T RA KEAIE a0 A HIEBAL) IV 2
(MR R R FE LRI A ) .
PRI x K%
ot = 3 L P S oo,
1.3.1.3 B iU B/N B AL SR R AR 25
SLER o, BETOK A3 Ja 43 B A v R AR &R Y e
H,Z A T 80 CHLAR Y, Mk = H 5 5 4

W i AR 2R
éa‘ﬂ(%(%):@ﬁé_fxmog

1.3.2 AR FARGNZ AN N B (MDA) &

w AEEES EMTREEEA ST ESHRESE

(2000) A5 R T 00 5E 5 20 R 7 1 B g S HE

AR (2000) 17 B

1.4 iR

IR B K SPSS 25.0 #4707 22504, K H
Duncan’ s B &k 2 4k 17 2 & WA, R AE R
Excel 2006,

2 R G5
2.1 NaCl BB /NEEFEE KR IE

AR FE ) NaCl fpif Ab B 25 d 5, /N EE 32
LSRR T AR (K 1), B

T A AR oA WA G, 4% b B2 BR T A0 L CK R T
4.48% . 6.07% . 18.21% . 26.26% . 31.31%, [% 50
mmol - L4k, HAANHZH 5 CK [R]85 3% 22 57
(P<0.05) , FREE430EE CK B#EAK T M R B0R Aop A=
FRE AT AN [R) AR B B9 20, i e 307E 150 mmol -
L™ Nacl Jipie B 32 3 9k 20> ( P<0.05) , 7E 250 mmol -
L' Nacl B8 T, A0k CK #965.28% ; 87 A AR %
FE 150 mmol - L™ ¥ B 360 Bsf i % B s R[] 1 B A1
#aH, Z 250 mmol + L' Nacl BHA TR, B AR E L N
CK 9 16.2%,

MR E FR R & NaCl W B T R B L T
BoOAMIRE N 11.7% %) 85.4% , 7 50 mmol + L™
Nacl JiHE T, /N8 A6 3% 09 1 7 32 35 2 B AR ; 78
100 mmol -+ L' Nacl it T, W Fr 52 & 2 B2 T 45 B4
BRI 150 mmol - L Nacl 36 B (0 1 H- 455 3 48
BORE] 58.1% , K/ i v i 35 Hh Bt 2ol 45, ot
A P4 ;250 mmol - L Nacl 38 B 089 i R
Vi EFEHE B 85.4% , 4 KB 4 W FE KR I - 52 4
W Ry o R AR

% 2 AT, NaCl it 25 d J& , /NEEAE SR A
ARA TS &2 T REBESE, 100 fi 150
mmol - L™ Nacl fpif it gt B9 & =5 CK #H
22 7 3% (P<0.05) ;200 mmol - L™ Nacl 1438 19
M o AL, P Y CK Y 52.58% ;250
mmol - L Nacl Brifl fUHR R T4 i & = FRK E CK
1 57.53% ., LA UL, 100 ~ 150 mmol - L™ ¥ NaCl
JBi 0T /N B A8 S 0 T ) B AR 2R 5 e I d B, A
200~250 mmol - L™ A P FE 520 4 A LR

W R 2R K 0 R Ak R BE /N, B R AE
150 mmol « L Nacl frART 5 CK 253 8%, 258
SRR, MR RIAR R B LR R R RS 1Y E K A
THEE R E TR, UL/ AR T 9 R B A =
FE R NaCl JHirif T 32 24 K520 | 1 AR R 24
—EMRK A WL RE J1 . ZER P /NE IR S R &5 T
AR, HI/INEEAESEAE 200 mmol - L' AR Nacl B
HEREE TP AT AZ 68 1 4858, 0~ 100 mmol + L' NaCl
JoIRE TLT- AN 52 W /N B A6 TE 8 A K R B3 100 ~
150 mmol - L' BF 14040 B, (H AN i /)N 85 46 3%
FEI 5200 mmol « L' DA b 2538 /N B AL AR R AN
KB TR BB EARNL, TR ZEE M,
S AR AR AR AR IE T
2.2 NaCl g 33 /N T M 5 FEE 1% 89 5 i

T AT RAE /N RS 7 (10 248 it R a5



6 HKIGEZR 25 . NaCl JHpIe0 0 /N5 48 3 A2 1 R O A BRR AR 14 52 TR 933

% 1 NaCl 8 25 d /N EERE®RESE

Table 1  Morphological changes of Hemerocallis minor under different concentrations of NaCl stress
NaCl ¥ & \ T
aCHREE PR A H Bk A 1 O
NaCl concentration Plant height . Leaf damage index
B Leaf number New root number
(mmol + L) (cm) (%)
0 (CK) 28.33+2.54a 7.2+£0.38a 10.3+1.5a 0d
50 27.06+2.19ab 7.1+0.46a 10.1+2.0a 11.7cd
100 26.61+2.38b 6.7+0.52a 8.5+1.9a 27.9¢
150 23.17+3.04c 5.6+0.53b 5.5+1.1b 58.1b
200 20.89+3.90d 5.1+0.62bc 2.2+0.8bc 63.6b
250 19.46+3.82d 4.7+0.58¢ 1.67+0.4¢ 85.4a

1 FPVER R R FR/NG FRUEER P < 0.05 KF2FBE, TR,

Note: Small letters after the data in the same column indicate different significances at P < 0.05 level. The same below.

& 2 NaCl 8 25 d B/ NERKH REMEMEKETN

Table 2 Changes of leaf, root biomasses and water contents of Hemerocallis minor

under different concentrations of NaCl stress

A Leaf HZ Root
Nacl ¥ &
Nacl concentljlation & oK T& ﬁ‘ﬂ(;
(mmol - L) Dry weight Water content Dry weight Water content
(g) (%) (g) (%)

0 (CK) 0.97+0.22a 80.73+2.43a 1.46+0.37a 73.55+2.26a
50 0.82+0.18ab 81.25+1.23a 1.42+0.25a 73.07+2.11a
100 0.75+0.19b 80.43+2.65ab 1.31+£0.25ab 72.88+2.86ab
150 0.77+0.09b 79.32+3.20b 1.06+0.21¢ 71.69+3.26b
200 0.51+0.05¢ 79.56+4.18b 1.17+0.28bc 71.04+4.20b
250 0.54+0.08c 78.29+3.92b 0.84+0.19d 70.66+2.64b

Bl NaCl ¥ 5 36 T i 28 17 34 56k, 45 A P 2 [|] 25 57
2 (P<0.05) o AS[RIB 1A 25 i 3m 32 [ 1 A2 £
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LK,
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A1)
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o 3 B ] %) S A A R Bt A R AR 34

E 4 BT LLE H ZEAS [F) A B (] — Ah 3L A ]
SN I TTIE R A S R ER AR E .
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Different small letters indicate significant differences among

different treatments ( P<0.05). The same below.

Bl 1 AFIREE NaCl s & /N R
I 24 i 1k AR Ak
Fig. 1 Changes of membrane relative permeabilities of
Hemerocallis minor leaves under different
concentrations of NaCl stress
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K2 IR NaCl il R /N E3 MDA 75 57284k
Fig. 2 Changes of MDA contents of Hemerocallis minor

under different concentrations of NaCl stress
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mmol -

AEBER %L Treatment time (d)

Bl 3 NaCl Bl T /N ARSI A ml i P & 2 1k

Fig. 3 Changes of leaf soluble sugar contents of Hemerocallis

minor under different concentrations of NaCl stress
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Fig. 4 Changes of leaf soluble protein contents of Hemerocallis

minor under different concentrations of NaCl stress
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Fig. 5 Changes of leaf proline contents of Hemerocallis

minor under different concentrations of NaCl stress
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