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Effects of exogenous spraying with 5-ALA on photosynthetic characteris-

tics and fruit quality in Kuerlexiangli pear

LIU Guangdong, WEN Bo, TIAN Jia’, WEN Yue, WANG Lei, CHEN Chen, HAO Zhichao, SUN
Tianyu

(College of Horticulture, Xinjiang Agricultural University - Engineering Research Center of High-Efficiency Cultivation and High-Value
Utilization of Xinjiang Forest Fruits, Urumqi 830052, Xinjiang, China)

Abstract: [Objective] This study aims to explore the regulatory effects of foliar spraying the pear trees
with 5-aminolevulinic acid (5-ALA) on the photosynthetic physiological characteristics of leaves and
fruit quality of Kuerlexiangli pear, and further screen out the optimal spraying concentration and fre-
quency that can significantly improve its photosynthetic characteristics and fruit quality, so as to pro-
vide scientific technical support for the high- quality and efficient cultivation of Kuerlexiangli pear.
[ Methods] Taking the main cultivar Kuerlexiangli pear in Xinjiang as the sample, a two-factor random-
ized block experiment was adopted to apply combined treatments at different concentrations (0 mg- L™,
50 mg- L', 100 mg-L"', 150 mg-L"', 200 mg- L") and different frequencies (1, 2, 3 times) during the
fruit swell stage. Ten days after the third spraying, the photosynthetic characteristic indexes of leaves
were systematically determined. Specifically, A portable chlorophyll meter was employed to determine
the relative chlorophyll content in leaves, and the net photosynthetic rate, transpiration rate, intercellular
CO; concentration, and stomatal conductance were determined with a photosynthesis system. Dynamic

monitoring was conducted to clarify the influence of 5-ALA on the photosynthetic physiological activi-
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ties of leaves. After fruit ripening, the external and internal fruit qualities were comprehensively deter-
mined. To analyze the comprehensive impact of 5- ALA on fruit quality, external quality parameters
(such as single fruit weight, longitudinal diameter, transverse diameter, and fruit shape index) and inter-
nal quality indicators (such as fruit firmness, soluble solids content, stone cell content, vitamin C con-
tent, soluble sugar content, and titratable acid content) were determined. [Results] The results showed
that exogenous spraying with 5- ALA significantly improved the photosynthetic characteristics of
leaves. The relative chlorophyll contents showed a significant increase on the 20th and 30th days after
treatment, with the T11 treatment achieving an increase of 5.68%. This suggested that this treatment
was capable of effectively enhancing the synthesis of chlorophyll in leaves, laying a material foundation
for the efficient progress of photosynthesis. The net photosynthetic rate showed the most significant dif-
ference on the 10th day after treatment, with the T11 treatment having the most prominent promotion ef-
fect (23.25%), followed by the T7 treatment (18.36%). However, the promotion effect of each treatment
gradually weakened on the 20th and 30th days, suggesting that spraying with 5- ALA during the fruit
swell stage can effectively improve fruit quality but has no long-term effect. The transpiration rate
showed significant differences throughout the determination period (10th, 20th, and 30th days). On the
10th day, the T12 treatment had the best effect, with an increase of 24.07%; on the 20th day, the T11
treatment performed best, with an increase of 17.15%; on the 30th day, the T12 treatment still main-
tained an increase of 15.15%, indicating that 5-ALA can affect the water metabolism and material trans-
port for plants by regulating transpiration. The intercellular CO, concentration in the T11 treatment was
the lowest (300.97 ppm) on the 10th day, and a lower intercellular CO, concentration implied stronger
carbon assimilation capacity. On the 20th day, there was no significant difference among the treatments,
but the T11 treatment was relatively lower. On the 30th day, the T1 and T11 treatments decreased by
12.44% and 9.36% compared with the corresponding controls CK1 and CK3, respectively, further indi-
cating that the carbon utilization efficiency by plants under specific treatments was improved. However,
there was no significant difference in stomatal conductance among treatments, suggesting that the influ-
ence of 5-ALA on the photosynthetic characteristics of leaves during the fruit swell stage was not main-
ly achieved by regulating stomatal conductance. In terms of fruit quality, exogenous spraying with 5-
ALA had a significant impact on multiple quality indexes. Among them, the external quality indexes
such as single fruit weight, longitudinal diameter, and transverse diameter were significantly improved.
Compared with CK3, the T11 treatment increased by 9.75%, 6.93%, and 6.61%, respectively, indicating
that this treatment can effectively promote fruit growth and development and increase fruit size. In
terms of internal quality, the contents of soluble solids, vitamin C, and soluble sugar increased by
8.49%, 28.51%, and 21.39%, respectively, while the stone cell content decreased by 18.66%. These
changes significantly improved the taste and nutritional value of the fruit. However, 5-ALA had no sig-
nificant effect on fruit shape index, firmness, or titratable acid, suggesting that 5-ALA may promote the
ripening of Kuerlexiangli pear fruits and enable them to be marketed earlier. Finally, through principal
component analysis, the T11 treatment (150 mg- L' 5-ALA spray for 3 times) was selected as the opti-
mal treatment scheme by comprehensively considering various fruit quality indexes. Correlation analy-
sis results revealed a significant positive correlation between leaf photosynthetic traits and fruit quality,
which confirmed that improving leaf photosynthetic characteristics is an important way to enhance fruit
quality. [Conclusion] In summary, foliar spraying with 150 mg- L' 5-ALA for three times during the

fruit swell stage of Kuerlexiangli pear can significantly enhance leaf photosynthetic characteristics and
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effectively improve the external and internal fruit quality. It is a cultivation technique worthy of popular-

ization and application in production.
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JE IR #1775 AL (Pyrus x sinkiangensis Yu) F 5275 bR
AR A T 2k VEFRINMEFE B 1400
Z AR R Py s, W i RACERMER R (0 R 2
— O AR ZLAE R Z R, AT
FRMAERK KT AL e E1ER , BGE R SL i
BT, S Y AR T AR R IHAN & B A2 KT
T i FEIE SR RSN TR EE SN UL T, B T
TS VERAE N AE S T, S BUE R B R BRI
EALEE , AT AE A Al B4 S N AE oL,
VA S5-I A W o G N o W TR S
A BRI AT, —J7 1 AT LA E i A KR
TR R I R it P 5 % — T T G 3t e AR P R T
T S AR BB, R HE P AR S ol
@RI RREE R e B HEE X

5-28 & 2.1k N % (5-aminolevulinic acid , 5-ALA)
SR A IR S VDAY R SR AE B T
RIRToTE o] PR AR R 45 777, B o R
R E I 3R O6 S 1 3 L s 2R S KUK A3
B R RS M E Y. BRI, 5-ALA Al g
R VAR S BRICT R E IR S B e L
SIS TR B, Wi 3 1K 600 i 5-ALA 1E 50
AN R 5 THE T 2 IR 4 kM 7 AR B,
FE B Bt AR JC A% 18 4 W TS i UK ) 5-ALA
REME S A &7 i v IR BRI 4R mDe B R0 (it
A AR R Se m R L. fE 16 M
2] i P IR RS R, T R S 3R T W 100 mg - L
5-ALA VTR, (i i3k K 22 508 % b Bl SR A h R 1 5 Ak
Big CAD AT A 4 37 A0 g (N 255 ] (1) 20, #01) E b
ez B F (SS) HIE W 1R £ Fd i (SPS) % [ ) 2%
1k FEM AR R A o S R Bk BT R
B, 5-ALA A% 42 m pk B i i S A S &
(SPAD {H) 5 5 I-P AH %< s 58 52 38 n 2 g i 56
FEREMIH 3R L PR IRAAFE B SR AR A PR e dR
K s (RIS o 2 i v R S B Lo S RV MR [ A L T
BRI AR RCHEERGEY. I
A 5 B LB it S-ALA T e i3k 5 i v ] s v ]
V)5 REE RGN, [F N REAC AT e R S RN, Bk
ZERR Y], 5-ALA B A S oG ae eE R

S REEE R e Z AR AR S BT B R

2 AT TR, AN S-ALA 3 2
o 1 R A A S SR R R AR T
o, FEEE TR RS NE Y'Y, (H X
PR A B A AR RS A KR B M RS
RN MR . % Tk, UUEREF
BUNRIE R, K R R B AL IX AR50 (5-ALA
JEE RV it IR0 , 7 5 SR KA A0 it AS [R5 AN T
UCHUR 5-ALA RIS AN R AL 38R 5-ALA X 76
Y P R R I O PR R L B OGS P R A e ok
B R R R S R A RO B A R AL EE A R
5-ALA TEA4 7= ERE22 A B0t F 5 i, A s
A B S T BHRALER SO, ek i R R AR
BER R

1 BRI

1.1 ##

PR g 88 T 22 2K 30 T 7 el A e )
20 4FAE R IR B AU, FRATHE 3 mx4 m, 75 3~4 m, B
TERBECY R . AR KIEAT 8 A B, (B BT i
FHETEEI IR R — B SR AR AR L R

TG A7 T SR B T BT BLARE 2, 1% B X T
i KRk PR AR, AR 11.0 °CL, 7 AF R
28 °C, FE-I AR 4200 °C, T A6 A 170~227 d, F H IR
472 762.1~3 186.3 h, WUZE53 0, B ZE 58 #v, K= 5E
%o

5-ALA(99%, 7= it 4 5 S30944) , T L iR
YRR IR A
1.2 R

K AR 2 e e 1, B it v K (R 5 AD AT
W5t vk P (R 32 B) o Wit (R &2 3 AN 7K < Wi it 1
PSR TR] A 7 A 3 HD i 2 8 (Bt e 1] 4 7 A
3H.7 H 13 HD Wi 3 Ik (W )28 7 H 3 H7 H
13H.7H23H). Wik E (p, J5[FHD 53R 5 4K
*F:50.100.150.200 mg- L' 5-ALA , LA Jiti 175 7K 1
xR ARG IL 1S MR A (R D, kRN X,
BN EE 3 IRE . SR T W, 7E 2024 4F 7



1146

)

S 4

43 %

3 HETH 23 H RS K IYI0Eit 2 W i, w8 it
I TR 6 FEAE B3 LA T A i /K ERAEL AN KON L

®1 5-ALA Btk it A &
Table 1 Design of 5-ALA spraying test
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T9 50 mg-L" 50 mg- L’ 50 mg-L"
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Table 2 Test of inter-subject effects between indicators under different 5-ALA treatments
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R 10d * ek o HLB T Single fruitmass il Ripe ok /
Ij‘jet photosynthetic rate, 5 4 / / 4% Vertical diamete R Ripe  / s /
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Note: * indicates significant difference at the 0.05 level (P<<0.05); ** indicates extremely significant difference at the 0.01 level (P<<0.01), *** in-

dicates that the difference is extremely significant at the 0.001 level (P<<0.001); / indicates insignificant (P=0. 05).
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Fig. 1 Effects of different S-ALA treatments on relative chlorophyll content in leaves of Kuerlexiangli
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Fig. 2 Effects of different 5S-ALA treatments on photosynthesis of Kuerlexiangli leaves
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Fig.3 Effects of different S-ALA treatments on fruit growth and development
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T11.T12 403 N RS2 4% B AT B B e 1 2 3

i

HEESE . o, T ARE R SR B AR CK3 &
EPE T 9.75%, IR EESE R T 6.93%, fifF W E
1 6.61%:; FONTI2 407, 0 5 R T 9.31%.
6.71%-5.23%. SRR HCREER. LR
SE R, 5-ALA ReB ek 2 /R A AL R Se R Fi i
FESEK, IR S SRR, 18 0 B S o =

HH 2% 4 W50, Wit A [F)3 BE J2 8 5-ALA $57]
PE RS M [ T SRR B C R R A
T XS A 240 L 5 SR S 5 R o R 1 R
oM. b, T AR R AT A R & 23R T AL

i



b

53

HIJTAR S S AN S-ALA X 2R /R A At A e A R R SIS 2

1151

#3 A[E 5-ALA A IEX RRFASR SN &8 R B9 ST

Table 3 Effect of different S-ALA treatments on the appearance quality of mature fruits

A3 FR R N Rtz PS¢

Treatment Single fruit mass/g Vertical diameter/mm Transverse diameter/mm Fruit shape index
Tl 138.90+0.56 cde 65.60+1.28 abe 63.42+0.15 abc 1.034 0+0.021 7 a
T2 139.08+2.47 cde 65.85+0.42 abc 62.26+1.64 abed 1.060 0+0.031 1 a
T3 139.83+3.38 cde 66.72+2.50 abc 64.18+2.38 ab 1.041 0+0.018 3 a
T4 140.36+2.37 cde 66.14+1.92 abc 62.41+2.30 abed 1.061 0+£0.0529 a
CKl1 135.56+4.48 ¢ 63.56+0.92 ¢ 60.96+0.59 cd 1.043 0+0.007 2 a
T5 139.05+2.29 cde 64.75+1.18 be 61.88+1.95 bed 1.048 0+0.031 7 a
T6 140.36+2.32 cde 65.46+0.96 abc 62.09+0.25 abed 1.054 0+0.0194 a
T7 143.34+5.85 be 65.57+2.85 abc 63.18+2.01 abed 1.039 0+0.021 5 a
T8 143.37+2.32bc 66.20+0.62 abc 63.28+0.97 abc 1.046 0+0.006 5 a
CK2 135.57+1.69 ¢ 63.78+0.11 ¢ 60.34+0.72 d 1.057 0+0.012 0 a
T9 141.77+2.85 cd 64.37+0.76 ¢ 61.90+0.43 bed 1.040 0+0.011 6 a
T10 147.82+2.38 ab 65.93+0.95 abc 63.43+0.69 abc 1.040 0+0.008 7 a
T11 149.65+3.16 a 68.40+2.19 a 64.85+0.91 a 1.055 0+0.021 6 a
TI12 149.05+1.82 a 68.26+1.56 ab 64.01£1.69 ab 1.066 0+0.027 8 a
CK3 136.36+1.45 de 63.97+3.34 ¢ 60.83+1.36 cd 1.053 0+0.046 6 a

& FISIAE NG TR R A R 0.05 KPEFRE. TH.

Note: Different small letters in the same column represent significant difference between different treatments at the level of 0.05. The same below.

F4 A[E 5-ALA A IEXTRRFAR LA TE SR RIS
Table 4 Effects of different S-ALA treatments on the internal quality of mature fruits

s T EE w(ﬁﬁﬁ'fﬂ_ﬁl%%) w(é’ﬁ@% o w(Fi4H) wCAIVE R w_(ﬁﬁ‘ﬁﬂ?ﬁﬁ_)
Treétment Hardness/ Soluble solids Vitamin C Iithocyte Soluble sugar Titratable acid
(kg-cm™) content/% content/(mg-100 g')  content/(g-100 g')  content/% content/(g-kg")
Tl 6.450+0.14 a 11.947+0.141 cd 3.583+0.9375 be 0.173+0.08 ab 6.98+0.11 b 0.408+0.054 a
T2 6.500+0.31 a 12.220+0.28 abed 3.604+0.5636 be 0.146+0.02 b 7.11+0.52 b 0.386+0.040 a
T3 6.400£0.19 a 12.753+0.19 ab 3.687+0.248 be 0.151+0.06 b 7.47+0.45 ab 0.371+0.050 a
T4 6.517£0.29 a 12.490+0.04 abed 3.635+0.3191 be 0.152+0.08 b 7.25+1.42 ab 0.372+0.040 a
CK1 6.405+£0.36 a 11.890+0.220 cd 3.499+0.4062 ¢ 0.175+0.02 ab 6.75+0.38 b 0.414+0.080 a
T5 6.255+0.42 a 12.150+0.23 abed 3.593+0.3013 be 0.175+0.02 ab 6.82+0.62 b 0.396+0.055 a
T6 6.035+£0.07 a 12.410+0.66 abed 3.859+0.43 abc 0.156+0.01 b 7.42+0.69 ab 0.372+0.120 a
T7 6.306+0.17 a 12.710+0.27 ab 4.075+0.109 abc 0.149+0.03 b 7.97+0.43 ab 0.354+0.102 a
T8 6.251+0.33 a 12.540+0.37 abc 4.003+0.132 abc 0.159+0.02 b 7.83+0.57 ab 0.364+0.019 a
CK2 6.269+0.17 a 11.85340.05 cd 3.456+0.0748 ¢ 0.193+0.04 ab 6.71+0.58 b 0.408+0.035 a
T9 6.267+0.33 a 12.020+1.08 bed 4.060+0.130 abc 0.243+0.04 a 7.71+0.76 ab 0.373+0.090 a
T10 6.385+0.27 a 12.190+0.19 abed 4.176+0.222 abc 0.210+0.04 ab 7.92+0.55 ab 0.356+0.027 a
TI1 6.393£0.17 a 12.773+0.2369 a 4.478+0.3299 a 0.160+0.02 b 8.46+0.61 a 0.339+0.054 a
TI12 6.514+0.13 a 12.550+0.11 abc 4.334+0.3724 ab 0.184+0.05 ab 8.43+091 a 0.344+0.038 a
CK3 6.441£0.34 a 11.770+0.186 d 3.485+0.3299 ¢ 0.196+0.03 ab 6.97+0.22 b 0.413+0.046 a

R, B CK3 W3 12 5 1.003 H 43 &, H ko T3,
T7 ¥ T A PRl MRS & &,

8.46% , FH CK3 & E i 1 1.49 174
T12 4b P, K 3] 8.43% , A% CK3 5 35 #2
Ay R TIARER R 44 3 C & B, A T12 &b
B, ZH B CK3 70l B & e & 1 28.49%+24.36% ;

N

i

A4

77 )

?71.465

prel

T2.T3.T4.T6.T7. T8 T11 At FH 8] 47 41 i & &= &
2 Hop 20 T7. T11 4 B 4 5 AH % T CK1+

H RN CK2.CK3 &M% 7 16.57%+22.80%18.37%., _ik4E

R, 5-ALA RES (L it B /R ¥ A ZLUR S oBE 2 14
MR REELERCEE,
SERESE b PR AT A0 25, (8 R A S 4

38 500 SR ST XU 5 [ B A —
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2.5 5-ALA IR FEREEFR MRS TN

W 10 THFE AR AR B X1 CRUR 5D W X2 ()
12 X3CHAR) X4 CRIZHEED (X5 (RE ) L X6 (A ¥
PERETED & &) XT(QEAE R CHE) XSCHAS
) XOCAT VA MR & D JX10 AT 2 IR & ) o

R TEAS [RIAR FE VAN [F] 5 5- AL A A B X 7R
)7 2 B SO T A S, X A S B S T R AR dEAT
TR AT AR AT AR (R S ILIRIUH 34
By, Bt Trik ik F 87.534%. 5 1A R TR
4 60.392% , T EALFE BT E I AT
PEREEY) & & AR C E s AT IA RS & & T
ERR S B TE bR, 0 B e e B s A KOR L A 55
R H2AF R TTEREE N 15.786% , He 3 il 73 Al
TR EE, M ERSL O, 34N FEmS T
MR N 11.356% , F 5 il oy 1 AR

#*5 N[ 5-ALA QB TE/REERREMEIER

HERSD P

Table 5 Principal component analysis of fruit quality

indicators of Korlaxiangli pear under different 5S-ALA

treatments
i zan
Index rincipal component
PCI PC2 PC3

L5 & Single fruit mass 0.976 -0.056  0.110
Y\1% Vertical diameter 0.828 0374 0.350
Fi4% Transverse diameter 0.842 0.336 0.067
R $5 5 Fruit shape index -0.048 -0.165 —0.704
T ¥ Hardness 0.040 -0.049 0.838
AV 45 & Soluble solids content  0.735  0.634  -0.019
4k % C & = Vitamin C content 0973 -0.120  —0.046
i 4i M7 2 Tithocyte content -0.009 0973  0.127
T] ¥ B £ & Soluble sugar content 0.982 -0.007  0.036
A € B2 75 i Titratable acid content 0.957 0.168  0.011
FF1E{E Eigenvalue 6.039 1579  1.136
BTk % Contribution rate/% 60.392 15786  11.356
SIS 60.392  76.178  87.534

Cumulative contribution rate/%

BT T Ry o SR S JoR PR AR A A AR
S, FEXT AN 5-ALA AbFE 20 1) P 7R 8 4 24 S S b i
BATERE TR, T 45 & & 1B 07 22 5Tk 2 LA
A FLAE B . AR ) DT RR AR R, A A
HE R G A VP, Bk AT

Fi=0.976 xX,+0.828 x X;+0.842 x X5-0.048 x X, +
0.04xX5+0.735 x X;+0.973 X X7~ 0.009 x X;+0.982 x X;+
0.957x X3

F=-0.056xX,+0.374xX;+0.036 X X;~0.165 x X,~
0.049 x X;+0.634 x X~ 0.12x X;+0.973 x X;~0.007 x X,+
0.168%X,;

F=0.110 XX, +0.350 X X;+0.067 x X;—0.704 x X, +
0.838xX:=0.019x X;~0.046 x X;+0.127 x X;+0.036 X X;+
0.011xX,0;

F=0.690xF+0.180xF>+0.130%F; .

FRAE DL B R AR, TSRS [ BT AN TRl B
5-ALA ZbFEF PE/R B A AL R S i RN £7- 545 57
it RV AP IS LA F1 (R 6), 150 mg - L' 5-
ALA It 3 {4557 e ven » R SELRG b i s It Hedkoh
200 mg-L" 5-ALA Wi 3 7K.

#F 6 S-ALA LB E/RMERRLMEZ
HEA BN HE

Table 6 Ranking of comprehensive scores of the effects of

5-ALA treatment on fruit quality of Kuerlexiangli pear

MAYEVAN PEYVEUN
Sb PIriEii/}J)\;?cij)mponent score g;/:rz{iﬂl; }sjcore 4
Treatment Ranking
F, F F; F
T11 6.30 2.07 0.99 4.85 1
T12 5.72 1.67 1.40 443 2
T7 4.13 1.75 0.23 3.20 3
T10 4.24 0.84 0.39 3.13 4
T8 3.87 1.64 0.34 3.01 5
T3 3.45 1.95 0.51 2.80 6
T4 2.71 1.69 1.09 2.31 7
T6 2.75 1.52 0.04 2.17 8
T9 2.68 0.17 -0.05 1.87 9
T2 2.06 1.52 0.99 1.83 10
T1 1.61 0.97 0.32 1.33 11
TS 1.41 1.02 0.19 1.18 12
CK3 0.40 0.42 0.51 0.42 13
CK2 0.17 0.52 0.28 0.25 14
CKl1 0.25 0.64 0.23 0.32 15

2.6 MAXEFMSREIMBRMEXMESHT

B 47T A SR S8 PTG 5 A M ]
T & B A RS B VAR B R R
AR CEEYEMEZIEMKP<0.0D), 51 E
TR & B B UL (P<0.01) ;G5 ER &
B2 T EIEHLP<0.05, 5HEFRE P45
1 AT ISP & B B U 8 (P<0.0D) , 5 7]
WHEEE S E HERCHEEREE MHRP<
0.05). FCAFEETEAR 5 LI HE 2 A 4 g
SERAGEERFEMIM ., FiRE LW, 5-ALA fE
8 38 ST PR $h & AL oA AR, T AR
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* represents significant correlation at 0.05 level; ** represents extremely significant correlation at 0.01 level; *** represents extremely significant

correlation at 0.001 level.
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Fig. 4 Correlation analysis between leaf photosynthetic characteristics and fruit quality

K5 RIS, S e SRS R B IR R AR VA R
BEVYEAE R CEH R, NG T ER S Rl A
Poeb s 2 FE S, JETH R SERE AR R, T e 2R
SIEFR) AR i R -

3 %

TE R s o2y B SCALA N T4, B
FE FAZE I SE SR A A7 AL B R R,
ZHRREHEYCE R S RS i i, mhgg
A IR e RE R AR AL I S R
PR ESCE T B ARCY, 758 A A AL
SRS | SR B, 5-ALA B G
GRETEAGEHE . AR, SR i 5-
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R R 52, 5 ar N0 25 AL, (H7E
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REUT , T S-ALA XA R0 2 [ 28 25 6 ol
e AE SR TEAS [F) ) B & IR . R, 24

WEFLR B, 75 20 Fds T P80 85 240 T, 4k
TR FH O B R E 5-ALA Y RESE S A 0 1) 6 B 1 B
TR A K, 0 5-ALA RESE SRR B & i Hia
P, TR 22748 1K IR 858 G R B I& Btk o b4k,
AHE TN IR S-ALA & T+ 17 R & AL A P,
T, 555K 8 72 S5 O7E N T e it b A IE 70 45 SR A
— 8 {2 5-ALA X F AL G i LS, 5 i
GRS R B R T A A, DA AR
SR B R R ARG, it ALY 5-ALA 1)
REFEABE ; [ G2 PG, 5 R EBPIE AL B
g AL B 5 2 R 2 SR A LA R
AT, KW S-ALA XA R AR AE K BOG &
VEF R AFAE 22 57

LA T FLEs AR B, AN T it S-ALA W] 5% [E 2
VEN) F S b o3 3R Tt P LE AR . FE R AT A,
M5 100 mg- L' 5-ALA 7] 5 25 3 e B L i B 5 ] 3%
P ] T4 2 2 A5 2 AR T, B 200 mg L 5-
ALA , AT 12 5 35 0k SR S m] VA Ve & 5, BRI T VR B 1R
B A AR Tk R SRR T A AT R AR
B E RS AEK R B, B 37X 150 mg - L 5-
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Uf o 5-ALA G PR /R 82 LR S b it (62 - 5 A A
(RIRIF 7245 FRAHALL , (XS AN ) 4 ol B 52 ik (1 2 i A7
EAFBIERE . £ EBEER LT RERm, 7
B 7 A A it (VR B (1.0 mg - L) 5-ALA
REA AUGE A VR, B SR Sl o, T FE SR S
S e = T FE (100 mg - L) 5-ALA e #4R = L o2
ET &R, GRS, 1A RIS TE /R #)
AL RS K W 150 mg - L 5-ALA 45 ks 1
SRR, UERH S-ALA 7E BB AE KR & AN R A7
TEAF ISR E . thah, AR FE R I, SR 5-
ALA X 7 AL B S i 5 o 40 B & = AT i e IR S
(17 5 M AN B S, 00 G AT DAk 7R 8 A AL R S
PR R BT PR AE RN — RS R
O I 4ERFTE 4.0~6.5 kg - e, 4 5S-ALA AL HAS
SR A AL BT RCR SR . Ak, AR R R
SE TR ) 32 B A3 S AT ST R, Wi 3 X 150 mg - L
5-ALA B Fr RS S 5 5 1) 4 T RO AR

JRARE G S AR, R Y
SETRE IR FEE M A B RS 4ERY, Liang %0
WL S-ALA SRR RSk Bl R ot s S 4E
FA - TRz S AR 23 7 S S AR B 1 sg e, IR 5-
ALA 58 7 7 H e () [ 58 5 7, (R 33 T R A )
RSLst, BT 2l . X R 5-ALA
PR T VRARAR IR T E S A, AT 3 A Ak A
SN RN REL . ASCE G AR F ST TR ARG
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A [ TR0 AT S P B i, DT o R S
KUk, 3E— 25 K B 5-ALA e #E 6 & AR &, 1
5 S S0 R 2 5

4 4 B
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