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Abstract: 5-aminolevulinic acid (ALA), a key biosynthetic precursor of tetrapyrroles, is vital for plants

adaptation to abiotic stress. To verify the effects of different concentrations of ALA, we applied exogenous
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ALA with different concentrations (0, 5, 10, 15, 20, 25 mg * L") to the leaves of Lycium ruthenicum
seedlings subjected to 300 mmol + L' NaCl. Then, the physiological and growth indexes of L. rutheni-
cum seedlings were determined, and comprehensively evaluated the salt tolerance of the seedlings under
each treatments. Results revealed that: (1) compared with the control, the plant biomass, the contents of
chlorophyll, carotenoid and soluble protein, the activity of POD were significantly decreased by 33.39%,
19.06%, 24.38%, 39.57% and 47.91% (P <{0.05) in L.

the contents of proline (Pro) and malondialdehyde (MDA) were significantly increased by 165.74% and

ruthenicum leaves under the salt stress, but

49.16%, respectively. (2) When exogenous ALA and NaCl were treated at the same time, the contents of
carotenoid and malondialdehyde (MDA), the activities of CAT, POD, the plant height and total biomass
were restored to the control level, and the contents of chlorophyll and proline (Pro) were significantly in-
creased compared with the control in L. ruthenicum seedlings. (3) The contents of carotenoid and pro-
line, the activities of antioxidant enzymes and biomass of the leaves of L. ruthenicum seedlings performed
a trend that first increased and then decreased with the add of ALA concentration. The evaluation by
membership function analysis indicated that 15 mg + L™' ALA had the best effects on alleviating salt stress
in L. ruthenicum seedlings under 300 mmol » L™' NaCl stress. These findings suggested that ALA of ap-
propriate concentration can regulate photosynthesis and antioxidant enzyme activities of L. ruthenicum
seedlings by promoting the accumulation of chlorophyll and heme, and increase the accumulation of proline
in vivo » thus effectively alleviating the toxic effect of salt stress on plants and promoting plant growth.

Key words: Lycium ruthenicum ; 5-aminolevulinic acid; NaCl stress;antioxidase; osmotic adjustment sub-

stances; photosynthetic pigment
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CK was blank control without NaCl and exogenous ALA treatment, SA;, SA;, SA ;s SA,;, SA,, and SA,; were respectively

treated with 300 mmol/L. NaCl after spraying 0, 5., 10, 15, 20 and 25 mg/L. ALA on the leaf surface; The date in the figure

is the mean =+ standard deviation of three replicates. The different normal letters indicate significant differences between

treatments at the 0. 05 level. The same as below

Fig. 1 The photosynthetic pigment contents in leaves of Lycium ruthenicum seedlings under NaCl

and different ALA concentrations treatments
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The antioxidase activities in leaves of L.

ruthenicum seedlings under NaCl

and different ALA concentration treatments
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Fig.3 The osmotic adjustment substance and MDA contents in leaves of L. ruthenicum seedlings under NaCl

and different ALA concentration treatments
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Table 1 The growth characteristics of L. ruthenicum seedlings under NaCl and different ALLA concentration treatments
Ak 3 7N by - fif E T fif E B EEE)
Treatment Plant height/cm Fresh weight above ground/g  Fresh weight under ground/g Total biomass (fresh weight)/g
CK 26.4640.72a 3.53+0.21a 2.13+0. 15a 5.66+0.29a
SA, 23.03740. 69c 2.30+0. 15d 1.4740.11b 3.77+0. 23¢
SA; 24.14=+0. 56bc 2.59+0. 26cd 1.8940.12a 4.48+0. 35bc
SA, 25.3040. 43ab 2.86+0. 38bc 1.8940. 28a 4.75+0. 66b
SA; 25.5840. 89ab 3.19+0. 24ab 2.04+0.27a 5.23740.47ab
SA,, 25.637+0. 59ab 3.0240. 16abc 2.13+0.04a 5.15%0. 15ab
SAy; 24.25+1.07bc 3.0240. 22abc 2.07+0. l4a 5.09+0. 32ab

T < [J G A ] /NG 5 B R AN ) b BB 7R 0. 05 /KB i 3% 4k 28 5 (P<<0. 05)

IR RAE 0 3 Y A A (= pn o 22

Note: The data in the table is the mean 4 standard deviation of three replicates. The different normal letters within same column indicate

significant differences at the 0. 05 level between treatments

®2 AEREALARBEMRERHE

Table 2 Subordinate function values of ALA treatment groups with different concentrations

fitf i M Enzyme activity

H: #FE AR Physiological index

hib A HE#
Treatment — pon sop CAT  APX Ct Cx. c SP ss Pro  MpA  Average  Rank
SA5 0. 00 0.14 0.19 0. 60 0. 00 0.00 1. 00 0.52 0. 50 0. 50 0. 34 4
SA, 0. 66 1.00 1.00 0.97 1. 00 1.00 0.42 0. 46 1.00 0. 00 0.75 2
SA, 1,00 0.47  0.39  0.96  0.69  0.82  0.74 100 0.8  1.00 0.79 1
SA,, 0. 39 0.40 0.03 1. 00 0.77 0.82 0. 00 0. 00 0.75 0. 36 0. 45 3
SA25 0. 30 0. 00 0. 00 0. 00 0. 60 0. 87 0. 95 0.12 0. 00 0.12 0. 30 5
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I 2138 Y 2 o ok o722 &) o e S I M DA T 4
FE AL AC 4 A T R

A ALA 08048 T M R 3B 38 U8 R R &
LRI B B AT BB . £ NaCl
38 25 0F T ACHIE 5 v SR SR M AD &) B R v R
FI S CK 3G, nl i p 0 2 i 00 5 2 B AIG
AN ALA b B FCA] 35 E 2 A B K AT 2 0 R
K, HA 15 mg « L1 ALA Ab 320 5 54 40 4 1
I ] 3 A K A N PR L i R
BV AL G W, AR a ST L SR
ALA 7] S S0R AR R 0 I 20 R FL 8 e &g i
AR RN P I Y R T R A R,
IR AT ALA k= —Fp 3 [5) (59 28 ) & iR 4 &
MR WA R A ALA Z [0 Al BEAF7E S G 2 R,
it AN ALA S 30U 20 A W) 6 BBk 2D 36 4 b
G DT B8 00 B 20 R A 0 AR R g A SRR L 4
TR ALA BT NaCl e~ 58 5 4 A2 4 i ok A il
IR &, S A RS R — 8. MDA 2B jg
b Ak ) B &, G B R VT R A AR Ak R T
B 5 1 A bR . AR URMEHE ALA S ik ihin T
EVIASE RN TR R RTINS &)
BT SRR, AR SR BRI
JER) ALA b B 3% AE & 35 B S b R B 8 ™ AR
MDA . 5 AFE 45 58 — 8, BMmgRE
B MR ALA W] DL SE 2o B A R 0 38 65 48 4 %) 1 20
JiL RS i IO ek R Ak B L A R TR AR IE R A KT Y
B iE VA

25 bk 7E NaCl #2030 £ 44, i i me it 41
JEALA AT 38 2k 1 i AR M AL & B R 2 R I
C1 R A WA R T A ke ) A R R L S B Aok
B AE IR F1 B S Ak T P 1 5 R AR A 4 = R
SR AN W R B , 5 A E A A 1 A R R 1 L 2%
B 4T A K B 2 BRI AL PR A5 SR R pR B o BT 45
a L AMNE WG 15 mg ¢ LT ALA A3 X 25 fie BB R
FIAC 41 v 8 A7 5R o 30 10 I ROCR B fE . HOAT, AR
b A A ALA R 28 i IR AR W W an XA
AR B S, ALA T EY L& M EY
PR 1 431 DL 6 AN 05 A, DL SCAE 3R 35t e BRI
YA A T FH 32D, A TR 8 R T 22 Ml i %
7 T AT
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