S-REACHELAER (ALA) KA
SCRAEETE




Development&Application (4=ERALARIAT 7T & 5 M D

ALAFEAR M A 7 H1 i B

ALABY 3R /N2 U ERVE R B 5 R A 3 PR 9

52 ik 24t A RO I BBUREL PR AU A 360 55 PRI R AR 2k

52 Ak LTI R (ALA) X st 8 81 467 1 11 o AsA-GSHE R OS2

HNIRALAKS AN i A 1 T PRaE S AR KR A LR
AR

528 FE LI RN 3 TG B 074 2 1 5

5% LR (ALA) £ECrHaed 4o i Crr 2 57t B5URR 6K i b ) 50
1A

52 Kk LI I RR S A K 2 A A0 261 AL )

52 Kk LTI RRAE SRB A1 T D0 BH S 40y i A= K ) B

SRR LB ATRGAR LI FOREER I 5 N RN S

U | A T A 5 2 2 B PR A R T B IS ATANEALAR L S B U T S 1
5 5 2 B PR R KR B RO 5L 5 I 2 B R AL QY T I ——
SRS B 2 B L0 S TR OB NS LI TR PR bty |71 SRIRCMEPIRATEAIIE RS R AT R LA
ALAKHEGE 38 T R EAEBE 7 55 AN e AT AsA-GSHAFR 1 1 42
5-ALARFSELL < B 57 B (0B 5 Z BRI N A KR B A R T 32 T
b 2 B P A AR R T NLARE 2N R R S B 03025 B S 0 B B R E
SRR (ALL) 76T 68 95 SRS~ R ZIBEPTRR (ALA) AL SXRE S 5 R e PR B 2 R B T S
5 2 B PR 557 B AU 5 RO B 5 2 BP0 R L R B R TR
R 5 2 PR LB S ST BT 5 U B A e A R B
ALK 2 S 4 52 SR LRI RS . KR R LRI S0 s ey
ALAK A PO FE ST | 53 e ATk S BT L 0 A {1 F A L UL P 0 R AL e T R
TR | IR PR IS 5805 IR IRV KRB R SMIALARS S S AR TR 4 L B
AN TS O BEALARS RO 550 2 B RS
it 5L 2O R T S B e




Development&Application (4ERALAKIAT 7T & 5 M)

5-ALAFH IS E A

R BF o R B SE AR B R A ik MRS AE o PR B I )5 R R
e KA R A IR 2571 — AR A K S I R T 1 5 TR < 3 WAL i )
F T FORSRIE &5 52Ut LI N R AR PR R ES IR 245 I &4 KPR AR R AR A K AR T 1k IR B A R R A e 5

I T D R TR R AR KR T 7 P A B R 3 7
SEREIEA o B A LSO 1 i 2] R (LA 2R R R R SRR R

e TR R R B 5 R R i B R A 2 A IR £ PR 7 2

~ﬁ%%%%%%ﬁ%ﬁﬁ%ﬁﬁ&&&ﬁ%a%ﬁ%%& R &ﬁ%L%Wﬁﬁﬁﬁ%mﬁ%%%¢%

N

5 2 PR S LRI K T R ey | ORI AR

P B B2 1195 2 2B RR A B AR PR S 7| — PR 2 8 0 7 *ﬁ§5§%§%§§§;§%ﬁﬁmﬁ
R R AN R (R K FHR p b (P A P o L

5

— M E A R ABRMNS-E I AN IR AR S Y)

FELAD I i Tl P B s 71 e i ik 8 vt v

R R R R R TR

— R ) H 218 55 R R S G R Tk

— AR A IR L e RR A A

— T 4R X B R RE T B TR IR

J g

B B KRB P ) B —eE | e LA R R
- LB S ORI A B T Rk i | T VGRS (R K 1777

— A R AE 1 RS e EL R o




"

5-ALAMH R E F]

N ENER IO PARPS

A b ORI 77

S9OCRE T I A KA

— AR R 2 ) K HL R

52 2k LI TR AL S B AR (K R AR

ANCR AL W Rr SO e YA S) iR A

— A s

R R DX AU A SR K T B H e

A SV 2 1S5 A S-ALART K A B )

i A e
BRI U £ R U 7 — AR A IR
—HokE PRI SR L) DT SRR IR st o 2 ot R i
IR RGO B RS LR RO ST o e
R BRI I RIERF — BRI R RS 1 GH AN I
SO IR O BT R b  BEK 70)  FI L B Tt % B TR
T S U e L SR S
BB KIS AL RO | s R RS B gy | T e CRTTR SRR
TR RIS L B R 7 AT B S 8
A HCORIBUARI SRR T | 0 (B DR AH A muaL r TR RS
T 3 7 e B B 2 P 2671 Fed A7)
R - R P SILAR CERA L K  77 AT L 2 0257

P BEARBR IS A A IR & B 54

B VR HE AR A A 23 B R 7




COSMOAH 5<% |

JPA 1992009360-5-2 3k £, & ot F: fi
ol R K )i vk P K LI A
U B B A

JPA 19932769895 b 1 hliG
JHERISHE R EY)

JPA 199414168130 5 5 f7 5 a1 T
SRS g =Rk A IR

JPA 1992338305 tH 44 KA i 57)

JPA 1996225408-#2 mtt M4t &= &
= 1) 71

JPA 200725224845 ER{iE 1371

JPA 19931171104 L7 F0 FR 2L Ty V5

JPA 1997087 108—AE WIS M1 & 71|

JPA 2008037839—td %) % My ¥4 57

JPA 1993186304 -8 54 KA HE 77

JPA 1999158010— 2% 4 FH 71 F R UL
HE R 7|

JPA 2008189570—-MiPS A4 a P ml Moty
e & B E Tt

/_Elj}lu

JPA 1995053311 HE¥) &R & & [F1IK

A1 JPA 1999243798 THMIAIE 57k |JPA 2009274973 —/KAH 1 H H FE =7
JPA 1995053312 tHIHEFR A% & & | JPA 2001000010~ FEP)FH AL FRFAFT| JPA 2010053104~ FE 470995 I T I8 Ge il
il -7 AL B 715 il 771 RN T T J e il v

JPA 1995053487 B4 K557

JPA 2007015938 1E43% 1155

JPA 2010208999 AEMKER ER AL

PR 1
JPA 1995184479~ IR T MR JPA 200723624610 % /MR JPA. 2010209000~ ) 2 AR FE 71
YRS 1 g e 2 7
P 1996151304 g siagon |1 200728 MIVIRDEIERION. 1oy 9011191878t 25 s
JPA 2011195508 7K RELRIFHLIEA AN JPA 201202574070 FHE ) iy s | WOA10081263 7447 F) sk 14 14 558571
4 ) R 98 i

WOA1009139106—2F B 1) 5 Ji 2 71 771)




" J
T B HEALAXT /KRR A6 S ob S et B = B

Effects of foliage spray with ALA on photosynthesis characteristic
and yield of Yujing 6

YANG Wen-ping, WANG Chun-hu, LI Heng-chang
(Department of Agriculture, Henan Institute of Science and Technology, Xinxiang 453003, China)

» Objective: To study the effects of spraying different concentrations of ALA at booting stage on
photosynthetic characteristics and yield of rice.

B W5 AE 2R it AN [R 9 B ALASS 7K A8 6 & R 1t K= E IR

» Methods: At booting stage, different concentrations of ALA were sprayed on the leaves, and a total of
5 treatments were set, that is, the spraying concentration was 0(control), 10, 30, 50 and 70mg/L,
respectively. The net photosynthetic rate, chlorophyll content and yield of the samples were measured
at the filling stage.

ﬁ%:E@%%ﬁﬁ%ﬁﬁﬁ%ﬁ%ﬁ@é@%%%ﬁ,W%%Wﬁ%%ﬁ@ﬁ%%1m3m
50, 70mg/L. 7EFESZ WG RE L BE T HORE, M HAag e &K, MR SEMTE.
* Results and Conclusion:

Foliar spraying of ALA increased the net photosynthetic rate. Increase chlorophyll content and improve
photosynthetic characteristics; Increase the seed setting rate and grain weight of rice; Increase
production, increase by 1.41% - 14.46%. Spraying ALA 30mg/L had the best effect.

GREZ®:

MHIIBEIALAJG , RERS IR Mo A e, MG R &, SR ARt SR mKRE I S
FidE, WinrcE, MRl 41%-14. 46% . HADIBSHEALA 30mg/LEIR R R IF .
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Effects of 5-Aminolevulinic acid on phosphate absorption and distribution
in rice using *P tracer method

YAOQ Su-mei'' 2, WANG Wei-jin®, CHEN Guo-xing®
(I College of life Science and Tochnology , Henan Instituse of Science and Technology . Xinxiong 453003, China;
2 College of Plant Science and Technology , Huazhong Agriculture University, Wuhan 430070, China)

» Objective: To study the effects of spraying 5-ALA on 32P absorption and distribution in rice plants.

BB BF TE7E QR A [ A P )5 32 i o 7K AR Lk o 32PR A 15 43 B«

» Methods: In this experiment, the concentration of ALA was 0, 10, 30 and 50 mg/L, and NaH,PO,tracer was diluted
into aqueous solution with certain specific activity, which was labeled by soil injection method. The whole plant

samples were taken at flowering stage, filling stage and waxing-ripening stage to investigate the absorption and
distribution of 32P.

FiE: R WALAMEH IR E N0, 10, 30, 50 mg/L, ¥NaH,PO /iR i — & tLid B KV, s
YHEFRIL, FEKFERIFFAERA . 5 AR S0 23 ol SRS AR 5t 5 S A AR 0 3 2P IR IS AN 3 B

* Results and Conclusion:

The 32P specific activity and radioactivity in panicle, leaf, stem sheath and root system of 10-50 mg/L ALA treatment
were significantly higher than those of control treatment without ALA spraying. The percentage of 32P activity of
panicle under ALA treatment was significantly higher than that of control, and increased by 4.3%-6.0%, 4.1%-5.0%
and 2.0%-2.7% at flowering, milk and waxy stages, respectively. In addition, the 10-50 mg/L ALA treatment
significantly increased the seed setting rate and yield of rice by 4.8%-9.9% and 5.4%-14.9%, respectively, compared
with the control, and the 30mg/L ALA treatment had the greatest effect on increasing grain yield.

g 5k

10-50 mg/L ALASCERREFRAORE, MFFy. 258, AR B 32P LI SERBUR A 15 4% . 3% & T ANGEEALA R X Hi
KRPE s ALAKCPRAEREMAR S A 32PIE BE 71 73 LU 25 vy TR, AETTAEIN], SLAUIAT A Y] 00 ol ot B B v 174, 3
%—6.0%. 4.1%-5.0%F12.0%-2. 7%, M4+, 10-50 mg/L ALAKFE/KFEMILE SR =6 B E N, 53R
L, GESEZRAFEEA RS T4.8%-9. 9% f15. 4% -14. 9%, H P Pl30mg/L ALARNFERE P23 1Bk,
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Effects of 5—aminolevulinic Acid on Photosynthesis and Yield of Hybrid Late Rice
WEI Zhong-wei'?, MA Guo—hui'?, LONG Ji-rui, SONG Chun-fang?

(1. State Key Laboratory of Hybrid Rice, Longping Branch of Graduate School, Central South University, Changsha 410125,
PRC; 2. National Hybrid Rice Research and Development Center, Changsha 410123, PRC}

» Objective: To study effects of 5-aminolevulinic acid leaf fertilizer on leaf SPAD value, photosynthesis, dry
matter accumulation and economic yield of hybrid late rice.

L. G502 MO A SO PO I SSPADIL S {6 BB
IR o
* Methods: Rice seeds of different varieties were sprayed with 1.0mg/L ALAL at full heading stage, and the same

amount of water was sprayed as the control. Chlorophyll content, dry matter weight and yield in the middle of
blade were measured at full filling stage, late filling stage and waxing stage.

Py B R RO KR T, SRR TG BRI E L Omg/L ALALYK, LAWEHEZSE R K AbFE A%
T, FHERAR. WERORNT. BRI SIN R R A . TR R

* Results and Conclusion:

Compared with controls, ALA treatment sword leaf SPAD value increase significantly, with the extension of
growth period, sword leaf SPAD value is reduced, and the gap between treatment and control, which suggests that
ALA has obvious effect to delay the chlorophyll content decreased, the period of panicle dry weight and total
biomass increase significantly, ripening period reached the maximum panicle dry weight and total biomass. In
conclusion, 5-aminolevulinic acid foliar fertilizer can improve SPAD value of functional leaves, photosynthesis,
dry matter accumulation and yield of rice by 3.2-4.0%.

ZRESR:

SXTIEAREL, ALAGCER RS SPADIE AT 35 A4 iy, AR A ISEIC, S SPADfEIE/IN,  HLAC R 5550k e ] [
ZERHIER, IXERAALAXT SELR M4 2 2 i PR W R AR A, SRR T AR A Y g s i i, B
T EN S AEYEILRI R K. 45 LR, -&E ZBANRM AR R B KB AEHSPAME. Je&1E
H, ®inFYRREE, PEEM3. 2%-4.0%.
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The Ameliorative Role of 5-Aminolevulinic Acid (ALA) Under Cr Stress
in Two Maize Cultivars Showing Differential Sensitivity to Cr Stress
Tolerance

Ume Habiba' - Shafaqat Ali' @ - Muhammad Rizwan' - Muhammad Bilal Hussain' - Afzal Hussain' - Pravej Alam?.
Abdulaziz A. Alqarawi® - Abeer Hashem®* . Elsayed Fathi AbdAllah?

* Objective: To study the improvement effect of 5- aminolevulinic acid on Cr-sensitive maize varieties.
HE: BFARS-ZE LN 8 (Cr) BUS KA I SCEER .

» Methods: Two different maize varieties: 6013 (resistant variety) and 9108 (sensitive variety) were selected. Three
concentrations of chromium source (0, 5 and 10mg/kg) and ALA concentration (0, 12.5 and 25mg/L) were set. After
15 days, dry weight, leaf area, root length, plant height, number of leaves per plant, dry weight of leaves and stems
were determined.

Tk EEEMAANFEI R ER AT 6013 (HitES A M9108 (BURGMD , WE =MKERIHIE (0. 5,
10mg/kg) , ALAMRFE N0, 12.5F125mg/L, 15d/5MlE T+ .. MR, R PRE. Bbkm FE. m R RzETE
S KRR

* Results and Conclusion:

The results showed that Cr stress significantly reduced the growth characteristics, gas exchange capacity, traits,
photosynthetic pigment amount and yield of plants. Application of ALA reduced Cr-induced oxidative stress in maize,
and ALA played a regulatory role in maintaining optimal growth and efficient photosynthesis of maize plants. Under O
and 5mg/kg chromium stress, 25mg/L ALA increased root length of 6103 by 19% and 15%, and 9108 by 16% and 40%.

ZREE®:

GERRA, Cripid B2 AR TP ERE . SIS Hae 1. MR, sE O REMF 8. ALAR GG K T
Criz PR FAKEALNIE, ALATE4E 3 FRM AR B B A4 KA SO & A2 b KR TE R . FEERIRE NOA
bmg/kgfIBHE T, 25mg/L ALAfF6103 & Fh IR IN T 19%F15%, £E9108 AR K18 In T 16%F140%.
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Short Communication

Improving salt tolerance of cotton seedlings with S-aminolevulinic acid

K. Watanabe!. T. Tanaka!. Y. Hottal, H. Kuramochi® & Y. Takeuchi?
LCOSMO Research Institute, 1134-2 Gongendo, Satte, Saitama, 340-0193, Japan; > Center for Research on Wild
Plants, Utsunomiya University 350 Minemachi, Utsunomiva, Tochigi, 321-8505, Japan

Received 31 December 1999; accepted January 7 2000

» Objective: To study the effect of 5-aminolevulinic acid on salt tolerance of cotton seedlings and its mechanism.

H H: D525 QMR AR B #h v B3R T LA AR LB

» Methods: The cotton seedlings were sprayed with 10-300ppm ALA solution and 11 other plant growth
regulators (such as ABA and BA). After 3d, 30ml of 1.5% soil weight NaCl solution was applied in the soil.
After 23d, the growth parameters of shoots and roots were measured.

ﬁ%:ﬁ%mﬂmWM@M%ﬁﬂﬁﬁnﬁﬁ%$ﬁ%%ﬂ<%mwmBmxﬁ%ﬂﬁﬁﬂﬁ@B%EE
T3 N30mL 1. 5% I E B R INaCLIE W, 23K Ja5 I 5E Bl ZE AAR 51 i) A= K S 4
» Results and Conclusion:

The results showed that cotton seedlings sprayed with ALA could survive in the soil containing NaCl, while
other plant growth regulators did not show this effect. Studies have shown that the mechanism of ALA on salt
resistance in plants is as follows: ALA does not affect the transport of Na* in plants, but inhibits the inflow of Na*.

ik

W HEALA AR AE S B BERSAE S A NaCl ) B P A7 is, T HAl B A KT 2 B0A R I XM N .
FERAALAHERTTERRINLEL N . ALANEIRNaY R YA N s, (HIfINa* A .
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Study on the Effect of 5—ALA on Yield and
Quality of Soybean in the Wanjiang Area

WANG Fanglin' . HU Zuhong' s ZHOU Wang' . XU Shihai
{ 1. Chizhou Vocational and Technical College. Chizhou 247000, Chinas

2, Anhui Huavang River Farm Agricultural Institute. Anging 246531, Chinal

* Objective: To explore the effects of 5-ALA on soybean yield and quality in Wanjiang area.

H B: $5755-ALAGHERYT X 38k 5 275 F0 L R i s i

« Methods: In this study, WanDou 15 was used as an image, and 5-ALA was sprayed on the leaf surface of WanDou
15 at the 5-6 compound leaf stage . The control group (spray water) and three experimental groups with concentration
gradient (40, 80 and 120mg/L) were set up, respectively, and the yield of the harvested soybean in the field test plot
was calculated.

HiE: &I G, SRR FRENLIX 1, R RS 56 E MRS, W is-ALA. 3 ik
g;@aﬁ(gﬂ <n;:mﬁ/ﬁ7k> FI=ANREBEE (405 80, 120mg/L) [IsEEe2H, CLHEEE /N X SECR Z it &= .

» Results and Conclusion:

It can be seen from the results of this study that the reasonable spraying of 5-ALA photosynthesis promoter at the 5-6
compound leaf stage of soybean can improve the effective branch number, the effective pod number per plant, the
effective grain number per plant and the 100-seed weight of soybean to varying degrees, which can promote the
improvement of soybean quality and field characters to some extent.

In addition, the comprehensive effect of the higher concentration of the photosynthetic accelerator (120mg/L) was
outstanding.

58 WARIRIGHT 7045 KRG ) 75 K 5.6-6 )1 M- )5 PRI 5-ALADG & 1 FH AL 35 77 e A [RT R B2 L 52 e K A 2K
RN SRR AR P ROROR TR, X o g R I AR A — s

BN, e EAERREEFIB R B AT (120mg/L) SZERCREARE .
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» Objective: To study the effects of different concentrations of ALA on grain setting and yield of rice.

H BT BEFAN R AL I ALAXS 7RG L &5 S A B 52 .

» Methods: In this study, 32P tracer technique was used to study the dynamic changes of phosphorus in rice plants
under different concentrations of ALA (0, 10, 30, 50mg/L).

Zi%{iﬁ%ﬁ%k%@yﬁﬂ, N HI32P7R BEF AR FEANEIR BEALAZK R (0. 10, 30, 50mg/L) 7KFgAE A ik i) 51

» Results and Conclusion:

After 10--50 mg/L ALA treatment, 32P specific activity of root, stem sheath, leaf and panicle were significantly increased
at flowering stage.

The yield of rice was increased by 5.4% ~ 14.9% after 10 ~ 50 mg/L ALA treatment, and the highest yield was obtained
under 30 mg/L ALA treatment, which was significantly different from the control.

ZRE%#:
10--50 mg/L ALAACERJS, FEIFAEN, MRk AR, 28, M A BERGS2PELTRFEEAT W MEE A o

£10~50 mg/L ALAZCE)E, /KBEH-EHFRS, WMo REES. 4% ~14.9% 2 [6, HHPI30mg/L ALAKLERHF=
ERE, 5XEMEL, EREREEKFE.
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(FmEeR EaBies M F5 453003)

+ Objective: To study the effects of different concentrations of ALA on grain filling of winter wheat with different

grain sites.
HEI: BEFAS R B IIALAXT 2 /N2 AN R RLALRERERE SR (R RER), I EAT AL, 7347
* Methods:

In field experiments, winter wheat grains treated with different concentrations of ALA (0,
10, 30, 50mg/L) were collected and labeled as grain sites i, il and iii.

FHik: R KHERIE T, WERRWREALAKE (0. 10, 30, 50mg/L) AbFE 2/ Nk, Frich
wipr 1. 1. I
» Results and Conclusion:

The grain weight of winter wheat was significantly different at different grain sites. All the winter wheat grains
treated with 10-50mg/L ALA had the effect of weight gain, and 30mg/L ALA had the most obvious effect of
promoting grain weight gain.

GRE4GR:

KNFERERA IR EZRHE, 7£10-50mg/L ALAXLHE 5 I /NEFFRI AR E KRR, 30mg/L ALAR
HEFFRLHE B R B B .
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A Study on Promotion of ALA on Resistance of Wheat to Saline Seil and
Amendment of Saline-alkali Soil through Addition of Sulfur

ZHAQ Xiao-jin', LI Ya-fang®, MAI Wen-xuan’,

TIAN Xiao-hong?, LAl Hang-xian® and LU Jia-long®
(1. The Working Station of Soil and Fertilizer of Weinan, Weinan Shasnxi 714000, Chinas
2. College of Resource and Environmental Sciences, Northwest ABF University, Yangling Shasnxi 712100, China)

» Objective: To study the effect of ALA on improving salt resistance of wheat.
HEI: BEFIALASTHE /N2 B b i AR «

» Methods: The preconditioned wheat seeds were sown with a fixed concentration of ALA applied to the soil and
stems and leaves. During the experiment, the amount of light and water per day was constant to ensure the normal
development of the wheat. Plant height and chlorophyll SPAD values were measured before harvest, and total N, P
and K values were measured after harvest.

Toih: B TELE KN AR AT IR, A [ R BEIALA Y O IR 2R A . AR A, AR A
%?ﬁi%*%ﬁﬁ, PLORIE/NZE B IR R H o ORI PR s AT 2) s SPADEREAT I e, SR A s PR il A BN P
K1E. -

* Results and Conclusion:

The effect of ALA was better than that of soil application, and the high concentration (4.5uL/ pot) of ALA was more
beneficial to the growth of wheat shoot, which increased by 104.8% and 54.8%, respectively, compared with no
fertilization and only applying base fertilizer. However, there was no significant difference between the two treatments
for root growth.

GRE54W:

ST TALA, BRHERREGF T, THEWRE 4.5 uL/2) K% (6 I EIEWEALA 0. 0315nl) BA
FF /N EERAER, X FAS i AEA S it R AE R A #E, L3 e B 43 31k 2] 104. 8% F154. 8%, {HXT T
R 2 A K b R 92 22 1) A B 5 X 3]
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Effect of 5-Aminolevulinic Acid on Growth and Antioxidant Enzyme
Activities of Avena nuda under Normal and High Temperature Conditions

WANG Chuankai, GUO Miao®
{ Nanyang Vocational College of Agriculture, Nanyang 473000, China )

* Objective: To study the effects of spraying different concentrations of 5-ALA on the growth and antioxidant
enzyme activity of Avena nuda at normal temperature and high temperature.

E?EﬁnTﬁﬁﬂ%ﬁ%ﬁ?ﬁ%ﬁﬁ%ﬁ%&ﬁ%ZMW@ (A L A )X RR#EZE AR B NPT E A B s

» Methods: The plants with the same growth were screened and seedlings were determined and sprayed with 0, 10,
50 and 100mg/L ALA, respectively, with distilled water as control. After 7 days, plant height, leaf area, leaf length
and width, photosynthetic pigment content and other factors were measured.

o JA: TRUCICHAHIRII PR E B, 3 IWEREO. 10, 50, 100mg/L ALA, LABZRIEACAHX . KN
AR B A, TURN TR PR R RS R A B E

E

* Results and Conclusion:

The results of this experiment showed that under normal temperature and high temperature conditions, the
application of ALA increased the contents of chlorophyll A, chlorophyll B (except at normal temperature) and
carotenoid in naked oats on the whole, promoted the growth and development of naked oats, and effectively
promoted the accumulation of dry matter. Overall, 50 mg/L and 100 mg/L ALA treatment had better effects.

ZRES1:

AR Y], FERIRANE AT P, MEHALASRIR LI 8RR 485 o MHARED CRR AT
TERAN) L KRB bR, el TAREERAEKKE, AR T TR, BAL50 mg/LAI100

S \
mg/L ALAL@?&%@E&%O
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Mechanisms of Salt Stress Tolerance Development in Barley Plants
under the Influence of 5-Aminolevulinic Acid
N. G. Averina’, E. R. Gritskevich?, 1. V. Vershilovskaya®,
A. V. Usatov®, and E. B. Yaronskaya“®
i Vi 1

9 Institute of Biophysics and Cell Engine: tional Academy of Sciences of Belarus,
Akademicheskaya ul. sk, 220072 Belarus;

fax: 375 (17) 284
b Research Institute of Biology, Southern Federal U
Received Si mber 15, 21

ng@tut.by
chki 194/ 1, Rostov-on-Don, 344104 Russia

* Objective: To explore the effect of ALA on the normal growth of barley plants in saline soil.

B . SR ICALAG K AE L Eh 3 b O3 IR A IR T

» Methods: Barley seedlings were cultured in different concentrations of NaCl solution with distilled water as the
control group, and then the samples were divided into two parts. One part was not subjected to additional ALA,
and the other part was subjected to 10 and 60mg/L ALA. The growth parameters, proline content and ROS content
of all the samples were measured.

HiE: 4%k§2jgﬁ5ftﬁIEI‘JZQEE@NaCu@{ZiEPi%%, CAZEIRKO XS HRAL,  PRJEREAF i 0 P4, — e AN it
HAALA, 55— in10A160mg /L ALA, I3 Fr A FE b P AE K S THER & & A NROSE &
* Results and Conclusion:

The results showed that the increase of NaCl concentration resulted in the decrease of magnesium chelatase activity
and ROS accumulation. Compared with seedlings without ALA, the content of proline increased and the content of
ROS decreased with ALA treatment. In addition, the growth parameters of seedlings in the presence of exogenous
ALA were similar to those in the absence of NaCl.

GREER:

SEIGSE R, NaCLIK RIS Ins SRR A BEEVERRMK . ROSAR R . S5 TALACERIAN AL, ALAKNFE S
TR R R S EH . ROSEEMK. s, EIMNFALAGIER, ZhAKSE05 ToNaCl AP AR
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Physiological Responses of Spring Wheat to 5-Aminolevulinic
Acid under Water Stress Applied at Seedling Stage

A. OstrowsKA®, J. BiEsaGA-KoSCIELNIAK, M.T. Grzesiak and T. Hura

Polish Academy of Scie . The Franciszek Gorski Institute of Plant Physiolog
Nllps m;k 21, 30-239 Krakow, P Ind
(Received 23 May 2018; Accepted 7 September 2018;

Communicated by R.K. Behl)

» Objective: To evaluate the effect of 5-ALA on photosynthetic organ activity measured by chlorophyll fluorescence
parameters under water stress.

B PPASLEK 7 BE T 5-ALAX 4% 3K 9O SOl KD & o B I PERIR2 I .

» Methods: In this experiment, the water content of the control group was 75%, and the water content of the other two
groups was kept at 30% of the maximum water content. One group was sprayed with 5-ALA solution. Finally, the
photochemical efficiency of the test samples was analyzed.

FiE: ARG E R NS K ETD%, A S KEREFE RS /KERS0%, H A —HBHi5-ALAYE W (30
mg /dm3) . %é@xﬁﬁ%“#nmﬁﬁy‘t%;—éi&iﬁﬁ/%ﬁ

* Results and Conclusion:

The results of this study showed that 5-ALA could overcome the adverse effects of water deficit on wheat by increasing
the growth, relative expansion degree and chlorophyll content of wheat plants and reducing the protective period of cell
membrane during the early vegetative development.

GRE4®:
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Effects of 5-Aminolevulinic Acid on the
Growth and Ripening of Wheat

Lou BINGSHAN, Yasushi HOTTA,* Qu YINGLAN,
Zhao JINSONG, Tohru TANAKA,*
Yasutomo TAKEUCHI" and Makoto KoNNAL'

» Objective: To study the effects of ALA on the growth and ripening of wheat by seed soaking and leaf spraying at
seedling and flowering stage.

BT B FCALATE /INZ2 B SURIAE SR PR it 5 it Ak BEE YT /) 2 A K A B R 52
» Methods: After soaking the wheat seeds in water, they were immersed in aqueous ALA solution with concentration

of 0, 0.5, 5, 20 and 50ppm for 2.5h, respectively, and then sown. At seedling stage, 0, 10, 50 and 100ppm of ALA
containing Tween 20(0.1%) were sprayed. Finally, the ratio of survival rate to seedling dry weight was calculated.

TR S NER K RIS, AP AITEIRE N0, 0.5, 5. 20+ 50ppmfIALAZKVA R B2, 5h, AR5 HEF .
P ImERI0. 104 50+ 100ppmis Tween 20 (0. 1%) IIALAZKIE . 28T A R 5 4 e T H I LUAE -

* Results and Conclusion:

The results showed that the effect of ALA treatment on yield increase at flowering stage was less than that at seedling
stage. In this study, foliar application of ALA at 10-50 PPM increased wheat yield by about 15% compared to the
control. The effect of foliar application of ALA at seedling stage showed that the number of ALA leaves increased by
about 15% at all concentrations. At harvest time, 10 and 50 PPM ALA increased by 15%, while 100 PPM ALA
decreased by 5%.

GREGR:

SRR, EITIEHIALAR) S EN 7= B B = /D T IALARI AL B . AEABT 5L, 10-50 ppmifk E HIALAR:
MG, NEFEEXTIRIRE 7 2915%. o M e HALAR SR Bos BAE TR WS, ALAF 23 #0 AR hn
T 2515%, {EUHERE, 104150 ppmAUALAEF=15%, 100 ppmfrALAYE=5%.
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Improvement of Cold Resistance in Rice Seedlings
by 5-Aminolevulinic Acid

b

Yasushi HoTTa, Tohru TANAKA, Luo BINGSHAN,*
Yasutomo TAKEUCHI** and Makoto Konnar**

» Objective: To study the effect of ALA on cold resistance of rice seedlings.

B . B FCALAXS KR4l v oo B2

» Methods: The roots of seedlings were immersed in aqueous solutions containing ALA(0, 0.1, 1.0 and 5.0
PPM), BR (0.001 PPM) or ABA (1.0 PPM) for 24 h, and then transplanted into flowerpots and cultured at
3+1.5°C for 2-4 days and 23+3°C for 5 days. The seedling survival rate, leaf number and dry weight of
aboveground parts were assessed.

Tk KHEIARIBTE S HALA0, 0.1, 1.0#15.0 ppm). BR (0.001 ppm) B(ABA (1.0 ppm) FIZKVATR
1124 h, BREEE T, 311 5CHiFE2-4 d, 2323 CHIFREd. ALY AGRZE . I F o By
)T H

* Results and Conclusion:

The dry weight of seedlings treated with ALA increased by 1.7 times compared with the control. These results
demonstrated that ALA had a protective effect on cold stress in rice seedlings.

In addition, abscisic acid (ABA) and brassinolide (BR) could also improve the cold resistance of rice seedlings.
ALA and BR were stronger than ABA in protecting old leaves.

GREHER:
XA, ALAACPRA B BT BN 71 76, IXEEEERAER T ALAXT KRB 4 i e B R EH
BEAL, LR (ABA) RIS ER P (BR) thAESE MM S A€ 1%, ALAFIBRY 22 M) R4/ Fl 78 T-ABA.
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» Objective: To study the effects of exogenous 5-aminolevulinic acid (ALA) on potato growth and yield, and to explore
the best application concentration and period of ALA.

H I WEFANES—Z e CBENIR (ALAD X S8 B AT S ARG, BRI ALAFK) e B it VA FE AN 3.

« Methods: The experiment used split zone design, ALA concentration (0, 100, 200, 300, 400, 600 mg/L) as the main
area, spraying stage (seedling stage, bud stage, early flowering stage) as the secondary area, a total of 18 treatments.
Tuber number per plant, tuber weight per plant, average tuber weight and commercial tuber rate were measured.

Fik: RERAHZX %, LLALA JEZ53RE (0 « 100 . 200 + 300 . 400 . 600 mg/L) NEX, LAWiZ5Ef
B OCEEA. BUES. witeD) ARIX, 18 PAabF. e BrkSE . PR E Y E ., PR EME SR,

* Results and Conclusion:

The results showed that when the concentration of ALA was less than 200mg/L, there were no significant effects on the
growth period, growth traits, economic shape and yield of potato. \When the concentration increased to 300 mg/L, the
stimulation effect appeared. When the concentration was between 300 and 600mg/L, the yield increased with the increase
of the concentration, and the earlier the spraying period, the more obvious the effect of increasing yield, when the
spraying of 600mg/L ALA at the stage of buds, the highest yield was 46384kg/hm?.

SRR

GiRERW], HALAKIE<200mg/LIf, X SEEAETH ARMIR, PR L= BE LI RN, IR
2] 300 mg/L, =M REI; JIKEAE 3007600 mg/L B, FEFEERERE AT, HBIZ M E
HapE R BEREA B, MR WITiE600me /L WREET ALA P&, 7= N46384kg/hm?.
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Toxicity on nematodes and Mechanism of 5-aminolevulinic

acid produced by photosynthetic bacteria

» Objective: To study the control effect of 5-ALA, a metabolite of Rhodoblastus acidophilus, on nematodes.

H: B CREBRAR A 2L B A AR, BIS-ALA, Xk duBhia/E M o

» Methods: The experiment was divided into two groups. In the insecticidal test of culture medium, 2mL bacterial
culture medium with different dilution ratio was added to the culture plate containing nematodes to calculate the
mortality. In the pot experiment of tomato, 100mL of culture medium with different dilution ratio were irrigated
into tomato seedlings, and 300 nematodes were inoculated into each seedling to observe the growth of the plants.

Jii%e I WAL, FERE TR R HUREG T, K 2mL AN [RI MR B 4 TR B SR BUM 215 2 U B R
b, TFRAETS R R BRI T, A RIS B B RS 100mLGERE 2R in 4wy o, XA
PRANE EAN300 26 20 R, AR 1B KAK DL .

* Results and Conclusion:
The experimental results indicate that:

The higher the concentration of culture medium, the higher the mortality of nematodes, and all nematodes died in
the original solution after 96h.The tomato seedlings treated with 50-fold dilution had the best pest control effect,
which reached 77.3%.

R G

BIFMIR R, SRPLT R, 96h)5 BB AT, 0GR KRR K%
AHS BT RPOR B, FBRATIATT. 3%
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» Objective: To study the effects of pre-harvest ALA treatment on the quality and storage tolerance of spinach.

B . BET T R ATALAKE BRGS0 it J5E LA A2 FR R

 Methods: Two treatments were set: treatment 1 was water, and treatment 2 was ALA(6 g / 100m?). When the
spinach reached commodity maturity, it was harvested. The collected spinach was divided into two parts: one part for
quality analysis; The other part was pre-cooled, packed with fresh bags without binding, stored in the cold storage
with temperature of 0+0.5°C and relative humidity of 85%-95%. The indexes were randomly sampled every 2d
during the whole storage period.

Fik: WEWRAGCHE: KFE1NTEK, AbFE2HALAG g/ 100m?2), 43 SEIA BT 5 S SR, KSR B SR
TPy — BT T S A E, I RERREAE, EALH, TIREZ0LE0.5°C. MXHEAE
N85 % ~95 % IV EE R ek, AN T gk HH 45 B 2 d i AL EDORE U 2 2% T B A

» Results and Conclusion:

Pre-harvest spraying of ALA increased dry weight ratio, soluble protein, soluble sugar, chlorophyll and VVC contents of
spinach.

The results showed that ALA treatment had little effect on the weight loss rate of spinach during storage, but delayed
the respiration peak and ethylene peak of spinach, significantly reduced their peak, reduced the metabolism of spinach
after harvest, effectively controlled the loss of nutrients, and improved the storage capacity of spinach.

ZERE%EW®:
KATWTHEALARE I 1 95T L al s PR A iR . HER s AV & & .

BEFUA SRR, RATALAKEIELNT S5 [A) R E R 2V A K, (EHEIR T 3 SRR = VR 297 e IR )t
%%%3??5%1&%“@%‘ FEAR T RME BRI BTRRARES, A RhEH T HEFR R HBR, HERSEHIWN 6
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» Objective: To study the effects of 5-ALA treatment on plant growth, proline, soluble sugar and soluble protein
contents in leaves of pepper at the initial flowering stage during low temperature stress and subsequent recovery at
room temperature. To investigate the physiological mechanism of ALA improving cold resistance of pepper.

H R 7 T AR IR e 3 (8] &% 8 5 1 i R 2 82 P 5-ALAKR B O AR AR U R AR i, i T R . T
VERE. AT TEE A S RS ENT . DAR DT ALATR S T SE PR AR B

» Methods: The pepper plants with the same growth were divided into three groups: control group, low temperature
treatment and low temperature treatment +ALA treatment (25mg/L). The growth amount, proline content, soluble
sugar content and other indexes were measured after maturity.

JiE R R — B BUE R 7 B = XS IRA . ARTR AL PR DA SRR AL B+ ALAAL B (26mg/L) ,  JlisthJm il g 2R
KE. MRS E. nEERE S &SR,

» Results and Conclusion:

Under low temperature stress, application of 25 mg/L ALA treatment chili blade can effectively improve the osmotic
regulation substances content in plant leaf and antioxidant enzyme activity, and thus improve the concentration of the
cytoplasm and holding water, adjust the osmotic pressure, effectively remove cells to produce reactive oxygen species,
reduce the membrane lipid peroxidation, maintain stability and cell membrane integrity, promote plant growth, To
alleviate the damage to pepper plants under low temperature stress.

ZE R 545518

RIEMIE T, HiF 25mg/LRIALAAR B Fr B R RAEARIH F i@ R T & B PLE ARG P, AT
P AR AR K, RSB, A ROEERAI AR R VE A, PR AR A, ERF AR e TEAT
MR, (Rt AR, SRR IR Bl B X BABCREL AR (1) 1 55
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Effects of Seed Soaking with Different Concentrations of 5-aminolevulinic

Acid on the Germination and Salt Tolerance of Pumpk Seeds Under NaCl Stress

WU Xuhong' , FENG Jingmin®

* Objective: To study the effects of exogenous 5-aminolevulinic acid (ALA) on seed germination and
salt tolerance of pumpkin under NaCl stress.

HE: BFIANEG-E 3 AN TR (ALA) XINaCl il T 5 TR 1 & R 512 ) 5200

» Methods: Under different levels of NaCl stress (0,90,180,270mmol/L), seeds were soaked with ALA
(0, 10, 25, 50mmol/L) for 6h, respectively, to study the effects of germination rate, germination
potential, accumulation of MDA and activities of superoxide dismutase (SOD) and ascorbate
peroxidase (APX).

i TEAFEGREE (0,90, 180, 270mmol /L) NaC1ipE &, 47 H (0. 10, 25, 50mmol/L) FJALAVR
Fpeh, WEFERG NP R R KA RIS E A= YIVMDA R FR Z A1 A A7) 5 AL g (SOD) « Prip iRt
EAEG (APX) V& T (820

* Results and Conclusion:

The germination of pumpkin seeds was significantly inhibited under NaCl stress of 180-270mmol/L. 10-
25mmol/L ALA immersion significantly increased the germination rate and germination potential of
pumpkin seeds under NaCl stress, up-regulated the activities of SOD and APX, and decreased the content
of MDA.. However, the higher concentration of ALA (50mmol/L) decreased the germination rate and
germination potential, and the inhibitory effect on reactive oxygen species (ROS) production and
antioxidant capacity decreased.

ZREE®:

180-270mmol/L NaClffpifi, A% ZEIMH] T m)AMFRIEE & 10-25mmol/L ALAYRFH, EZERETT
NaClfhil PR AMFRIR F R K FES, 187 SODMAPXiEME, FRK TMDASE; MREIRE
(50mmol /L) ALA FAR T R ZE R AR ZEF,  Shib 144 (ROS) A= s M I E F A8 AL BE 148 T B .
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Effect of Exogenous 5 — aminolevulinic Acid on Cold Tolerance of Taro Plantlets in vitro
HE I - hong, JIANG Fang - ling, LI Jie - ying, WU Zhen”
( College of Horticulture, Nanjing Agricultural University; Key Laboratory of Biology and Germplasm
Enhancement of Horticultural Crops in East China, Ministry of Agriculture, Nanjing 210095, China)

 Objective: To study the effect of exogenous 5-ALA on cold tolerance of taro seedlings.

B BIFFE AN -ALAXS =120 R v M AR S o

» Methods: In vitro seedlings of red taro were cultured and O (control), 2, 5, 10 and 20mg/L ALA
solution were added in the medium. The plants in the medium were cultured at artificial low

temperatures (15°C/10°C for 2d, 4°C for 16h), and the incidence and index of chilling injury were
measured and calculated.

i EFEIRIL RV habk, N TR A M aE, ERFRERIA0 Gl | 2, 5,
10 20mg/L ALAVEWR. X553t WU T N TS F (15°C/10°CA4bHE2d, 4°CALTE
16h) , W - EAE R ERAAETR.

* Results and Conclusion:

ALA treatment with appropriate concentration can alleviate the damage of low temperature stress on taro
plantlet and improve its cold tolerance. ALA treatment concentration of 10mg/L was the best.

ZREE®:
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Effects of 5—aminolevulinic acid on yield and quality of cream cabbage

MA Jing-shu . ZHANG Qian-ru,SONG Jiao , ZHANG Mei

{ Yantai Academy, China Agricultural University , Yantai 264000, Shandong, China)

» Objective: To study the effects of spraying 5-aminolevulinic acid on the yield, chlorophyll, vitamin C,
protein and soluble sugar contents of cream cabbage.

HE: BT T A RS 528 BN IO W F 3 B ARER . HEAERC. AT

CIRCERER s e dip- AR

» Methods: Different concentrations of ALA solution (0.34, 0.85, 1.70, 3.40g/L, water as control) were
sprayed when the cream cabbage grew to 4 large leaves. The contents of chlorophyll, vitamin C,
protein and soluble sugar were determined after harvest.

Tiih: ARGy 3K 4R K I B A [F) AR FE AALAR (0. 34, 0.85. 1.70. 3.40g/L, LA /K
FXTHD o GRS I P gt gk, qEAERC, H AT I R

* Results and Conclusion:

Foliar spraying with different concentrations of 5-aminolevulinic acid had significant effects on the
quality indexes of cream cabbage, among which chlorophyll content and vitamin C content reached the
highest when foliar spraying with 5-ALA concentration of 1.70g/L, protein content and soluble sugar
content reached the highest when foliar spraying with 5-ALA concentration of 0.85g/L.

GRE54#®:

I T 5% it A [ P 5~ ik 2L Ik PR R o el A S ) 45 T T AR b i) (2. 2%, RS R S E4EA
& CEEAEH IR ERE NL 70g/LK5-ALARNARIBR &, EAKR-SEMP BN S EEH mwE
W R0. 85g/LII5-ALART A BB 5 o
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Pretreatment with S-aminolevulinic acid mitigates heat stress
of cucumber leaves

J. ZHANG', D.-M. LI', Y. GAO', B. YU', C.-X. XIA” and J.-G. BAI'*

State Key Laboratory of Crop Biology/College of Life Sciences' and College of Food Science
and Engineering”, Shandong Agricultural University, Tai'an, Shandong 271018, P.R. China

* Objective: To study the protective effect of ALA on cucumber seedlings under heat stress.

HE: WF7CALART 5 4 a8 i R 4

» Methods: Cucumber seedlings were pretreated with 3umol/L 5-aminolevulinic acid (ALA) and
cultured at normal temperature (25/18°C) or high diurnal temperature (42/38°C). The contents of
malondialdehyde (MDA), superoxide free radical and hydrogen peroxide (H202) in plant leaves were
measured.

Jri: F3umol/L5-Z & 4B A R (ALA) TRANFE2E TR4NH, 1% iR (25/18°C) 8l & B i &
(42/38°C) M FH: 7% . MIEAEYIH A A A 1 (MDA) . B4 H AT E A (H202) & &
* Results and Conclusion:

The content of MDA, superoxide free radical and H202 in leaves of plants pretreated by ALA decreased.
The activities of antioxidant enzymes, proline and soluble sugar were higher than those of the control.
These results showed that ALA pretreatment improved seedling tolerance to heat stress.

GREG®:

ALATRAC B YR HEMDA, 4 B HEAH202 8 B fFK. A EEMBIENEEE. MERA
AR SRR TR . XSRERERH, ALATAEERE T 4% #uia i 3244 .
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Effect of S-aminolevulinic Acid on Chilling-
tolerance in Cucumber Seedlings

YIN Lu-lu, YU Xian-chang®, WAMG Ying-hua,
XU Zhen-hang, LI Kun and HAN Dao-jie

» Objective: To study the effects of ALA on cold resistance of cucumber seedlings.

HH: BEIT T ALAKS SRS v v P R

» Methods: Cucumber seedlings were treated with 5 concentrations of 5-ALA at 0, 0.05, 0.5, 1 and 5 mg/L, and
then subjected to low temperature stress at 5°C for 4 days. The chilling injury index was calculated and the
parameters such as electrolyte permeability, malondialdehyde content and SOD activity were counted.

FEE: 0. 0.05. 0.5, 1. 5 mg/L 5/ MKEEIS-ALACFE N4 G, - T5°C MRiEWiEd d. iHHAE
BECESITBEMBRBER. W SR, SODIEHES

» Results and Conclusion:

After 4 days of low temperature stress, the chilling injury index of cucumber treated with 0.05, 0.5 and 1 mg/L
ALA was significantly lower than that of the control, indicating that the three concentrations of ALA could
reduce the chilling injury of cucumber. The effect was most significant at the concentration of 0.5 mg/L.

ZRE5%1:

KEE4 df5, 0. 05. 0. 5F11 mg / LAJALAACER )3 KA EF8EEI BT XTI, X 3FMIRER
ALAME G Re B E MK E. H90.5 mg/L WETHREBAES.
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» Objective: To study the effects of spraying 5-ALA on the growth index, chlorophyll content, total sugar content
and yield of stevia.

B BIF T T AN RV 2 5 -ALAXS B 39 AR AR AR L R & 8. B S BN B 1R .

» Methods: The 5-aminolevulinate samples were diluted to four concentrations of 0.05%, 0.067%, 0.10% and
0.20%, respectively. Water was used as the control, and repeated for three times. The growth index, chlorophyll
content, sugar content and yield of stevia were determined at harvest.

Tk K 5—%&%@%@@3‘%#%&3\%%%%0 05%. 0.067% 0.10%. 0.20%f)4 PREEACE, LLFHAR NI,
HEE3 UG ORI IE R AR TR HaRREE. EE 7=,
* Results and Conclusion:

The results showed that the chlorophyll content, total sugar content and yield of stevia were significantly increased
by spraying different concentrations of ALA on leaves. Compared with the control (water), 0.10% ALA leaf
application had the best effect, the chlorophyll content, total sugar content and yield increased by 88.02%, 0.40%
and 33.62%, respectively.

ZRE4E®:

ZERRE. HEBESFEKRERALL HHERE THHBRIHZESE. BHESENTE;, 50B GBK)
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» Objective: To study the effects of different concentrations of 5-aminolevulinic acid (ALA) on photosynthetic
characteristics and multiplicity of Panda bean.

BB 38 A (R 2 ()5 -2 B CBE R (ALA) , #0 Hout BB SO0 S A AN SR B 1 52

* Methods: ALA samples (0.6g/L)were divided into four dilute release levels of 2 000, 1 500, 1 000 and 500 times,
and the same amount of water was sprayed as control. The chlorophyll content and photosynthetic rate of the
plants, plant height and stem diameter near the ground were measured, and the number of pods, the number of
pods, the thousand seed weight and the number of seeds were measured.

Jrdk: A4 ALA BES (0. 6g/L) 4 BIRRBE20004% . 150047, L000KFIS00HFANK /KT, UL Rk I
NNTHR . MERARRIH GRS EAEEHEER., Rt maaZEr, JEMER RS, % Tk 5m &M
%’%%EF%O

» Results and Conclusion:

The results showed that compared with the control, spraying ALA increased plant height by 4.38%-8.87%, stem
diameter by 0.37%-0.93%, chlorophyll content by 2.38%-11.06%, photosynthetic rate by 1.06%-9.70%, and seed
abundance by 8.24%-17.39%. Spraying 1 500 times liquid ALA had the best effect, which increased plant height by
8.87%, stem diameter by 0.93%, chlorophyll content by 11.06%, photosynthetic rate by 9.70%, and seed abundance
by 17.39%.

GREGR:

ExtHEFA L, BEHEALAME BB S AR N4, 38%~8. 87%, ZEFHIEIN0. 37%~0.93%, H4FE4EMin2. 38%~
11. 06%, Ye&EZEBEIN1. 06%~9. 70%, ZEFhEINS. 24%~17. 39%; H WL 500/ MALABUR B 4E, 1
MRN8, 87%, ZEfHIEHN0. 93%, M4 S =M IN11. 06%, Ye&HEE AN, 70%, ZEFhEWHN17. 39%.
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Effects of 5-aminolevulinic acid on growth and amylase activity
in the radish taproot

Masakazu Hara - Ikuo Takahashi - Michiyo Yamori -
Toru Tanaka - Shigeyuki Funada - Keitaro Watanabe

* Objective: To study the effects of ALA on the growth, sugar content and amylase activity of radish taproot tissue.
HE: WFFALAXT S b EARALUVER . WS EATE R BE TR 520

* Methods: During the cultivation of radish, the leaves were sprayed with ALA solution for 3 times, and the
concentrations of ALA solution were 0, 5.3, 53, 530, 2,700 and 13,500 umol/L, respectively. After harvest, radish
taproots were preserved at -20° C, and ethanol extracts from taproots were used to detect starch content and
amylase activity.

ik % MU GRS, 0 R BERALAVE B IR,  ALAW R EE 73 71290 5.3, 53, 530, 2, T00A!
13,500 pmol/L. YW3RJG, B NEMAE-20° CHMELE, X EH QBRI AT BN & DL A, I
AT VE Ky B0 P A ) o

* Results and Conclusion:

The results showed that the effect of ALA on taproot growth was greater than that on overground growth. The
concentration of ALA promoting taproot growth ranged from 53 to 2,700 umol/L. The highest dose of ALA (13,500
umol/L) caused damage to plants.

ZRESZ®:

R 4h Ry Bt FALAXY EAR AR KIS R T3 b B3 AR KR . Rk AR A K I ALAYR B2 953-2, 700
pmol/L. MiFHREFIEMALA (13,500 pmol/L) SHHEME R E .
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Effects of 5-aminolevulinic acid on Swiss chard (Beta vulgaris L.
subsp. cicla) seedling growth under saline conditions

Liyun Liu - Nguyen Tran Nguyen - Akihiro Ueda -
Hirofumi Saneoka

* Objective: To study The effect of 5-ALA on improving salt tolerance of sugar beet.
B B BIF 70 T it FH 5 ALAGH B i it =i 6 P A A

* Methods: After pretreatment, the seedlings were transferred to the soil containing NaCl, and the control group
was normal soil. The leaves were sprayed with Opmol/L and 60pumol/LL ALA solution. The salinity and ALA
increased to 80 mM and 120 umol/L, respectively, from day 7. The samples were sampled 12 days later, and the
physiological indexes of the samples were analyzed.

T3 (EXT AT AL fE, R R 22 5 A NaCL R 35, WP IRALNIE R 3% . Xy i [ 0 Al

60 wmol/LINALAYA, MTAFF4G, EREEFIALAZ HIBGHIIEI80 mMAI120 wmol/L, 12dJ5FF4RHUEE, FFXTHFE M
AT TR PR 1T o

* Results and Conclusion:

The results showed that the salt stress significantly inhibited the growth of beet, and the foliar spraying ALA
increased the salt tolerance of beet, with the increase of ground part DW, root DW, RGR and LA by 49.7%, 27%,
42.3% and 72.1%. Compared with no ALA application, ALA application did not affect ground part DW, RGR and
LA, and root DW increased by 14.5%. In addition, the use of ALA significantly increased the chlorophyll content
of beet seedlings.

GRE4®:
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DWHEIN27%, RGRIEHN42. 3%, LAMEHNT2. 1%. SANHEALAFHLEY, X BT W5 B ALAAS B2 B 3DW. RGRANLA,
M ARDWEE N 14. 5%. BbAh, ALARE FAEEH 24 it 2 = & = A B 13
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* Objective: To study the effect of 5-ALA on the fruit characters of Fujiminorigrape.

H I BIFFU5-ALAX ARG 6 4 SR ST AR A 5 o

» Methods: The roots were irrigated with 1mg/L ALA solution during the growing stage, and the ears
were impregnated with 100mg/L and 300mg/L ALA solution during the fruit coloring stage,

respectively. After harvesting, the panicle weight, grain weight, soluble solid content and titratable acid
content of fruit juice were measured.

Tk A K Img/LEALAZK A EHERR 7 52535 30153 31 FH 100mg/LAI300me /L EIALAYE Wit
DURRE, DIAMEAEO I, Rillcs, MWEAREE., FURisE, R al ik e B AT
ER AR

* Results and Conclusion:

The fruit ripening degree of the three treatments was slightly higher than that of the control, and the
astringent taste of the peel was reduced and the fruit juice content was increased. Among them, the

average fruit weight, soluble solids content and solid-acid ratio of 100mg/L treatment were higher than
those of other treatments.

ZRE4®:

PR IR SRR RS iy T I, =i AR SRS Ey e TR BT R . S0 7 R A . K
F1, 100mg/LAE G FIRSERFERME ., M E Y& E A ER L Fm T H e A=,
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Effects of 5S-Aminolevulinic Acid on the AsA-GSH Cycle in Grape Leaves under
Salt Stress

ZHAO Bao-Long, LIU Peng, WANG Wen-Jing, SUN Jun-Li", MA Hai-Xin
College of Agriculture, Shihezi University, Shihezi, Xinjiang 832003, China

* Objective: To study the effect of 5-ALA on the AsA-GSH cycle in leaves of two grape varieties with different salt
tolerance under salt stress.

B : AT T 5-ALAXS P9 A0 S5 S AN 7] )8 2 it A e 258l P AsA-GSHAE PR R 52

» Methods: Two grape varieties, "summer black" (salt intolerant) and "lizamat" (salt tolerant), were treated with ALA
concentrations of 0, 75 and 150mg/L at different salt treatment levels (0, 2 and 4g/kg), respectively. The antioxidant
content and enzyme activity of the leaves were determined.

Jrvk: PRI MR CELE O ORED M CEALDE (D HRIERFBLIAT R (0. 2. 4g/ke)

FEANAREE N0, 75, 150mg/LHJALA. B Fr dEAT P & &, B Itk B9 e

* Results and Conclusion:

ALA could increase the activities of peroxidase (APX), glutathione reductase (GR), and the contents of reduced ascorbic

acid (AsA) and reduced glutathione (GSH), and the ratios of ASA/DHA and GSH/GSSG in the leaves of the two kinds of
grapes. The contents of dehydroascorbic acid (DHA) and oxidized glutathione (GSSG) were significantly decreased.

For "summer black" grape, 75mg/L ALA had the most significant effect under 2g/kg NaCl; For "Rizamat™ grape, 150mg/L
ALA had the most significant effect under 4g/kg NaCl.

GRE5®:

% Tt ALAST PR i 2 F Ao AR (APX) « AR H IR N (GR) ZEBERVEMHEI A RS, H H T DL sl 3
BIPIRMER (AsA) « WBJEBIBBEH K (GSH) &= bL A AsA/DHA. GSH/GSSGHIEGAE, 23 PRI S FUER LR
(DHA) H5HEAFEABEH K (GSSG) W& =.

X “HE” B&EMms, 2g/kg NaCl F76mg/L ALARYER R AEE ;X “BH SR B&EMs, 4g/kg NaClF
150mg/L ALAR{ERIBCAEE.
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» Objective: To study the effect of different concentration of exogenous ALA on the fruit quality of
Cressen seedless grape.

H I W50 B9 FE AN IRALAXY B it AR JCAZ i 28] ) SR S it 0 280 SR R 520
» Methods: The effects of different concentrations of exogenous ALA (0, 50, 100, 150mg/L) on sugar

and acid contents, fruit diameter, anthocyanin content and PAL activity of Cressen seedless grape were
studied.

Tk UL AR AL G IR, DETEAN IR L AMIRALA (0L 50, 100+ 150mg/L) X 5% A% ]
B R SpER SR RSB, T R A R K PALEE M R0

* Results and Conclusion:

Different concentrations of ALA can significantly increase the longitudinal and transverse diameters of
fruit. The relative content of chlorophyll in leaves increased by 12.03%; Compared with the control, the
average sugar and acid ratio of the fruit increased by 106.21%. The anthocyanin accumulation in pericarp
and its synthesis related PAL activity were significantly increased by 194.71% and 82.35%, respectively,
compared with the control. Among them, 100mg/L concentration has the best promoting effect.

ZREZ®:
AN E FIALAAL PR RE B B BN AR S BAR s IE R N ORI & R 12, 03 %65 SR SIHEIR

LE-F I 5000 A EU IS IR AT I4 106. 21 % R AETE R I R K LA B RPAL I £ 2 2 T
H: SXTHRAIEL, CPEIIIE S HER194. T1% . 82.35% . Hr100me/ LIk B LR R Bl
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« Objective: To study the effects of 5-aminolevulinic acid on photosynthetic properties, fruit yield and
quality of Rabbiteye Blueberry.

B WF7U5-2 5 0 RN Yo IR G AR R PR O & BE B R S B AT it o RIS

» Methods: Four treatments with ALA concentration of 150, 300, 450 and 600mg/L were set in the
experiment, and water treatment was used as control. After 5 days, the photosynthetic characteristics of
leaves were measured, and the fruit quality and yield were evaluated.

JriE: I EALAIRIE150. 300, 450, 600mg/LALARHALH, DAR/KALH XTI, 5djEdlErt it
GARFE, ARV RS S

* Results and Conclusion:

Spraying 300mg/L ALA had the greatest promotion effect on the photosynthetic capacity and yield of
Rabbiteye Blueberry, and the relative value of chlorophyll content, net photosynthetic rate, stomatal
conductance and transpiration rate were increased by 4.5%, 19.8%, 19.4% and 19.5%, respectively,
compared with the control. The longitudinal diameter, transverse diameter, weight per fruit and yield per
plant were 3.0%, 3.3%, 8.3% and 8.1% higher than those of the control, respectively. In conclusion,
appropriate amount of ALA can enhance the photosynthetic efficiency of Rabbiteye blueberry, increase the
fruit size, increase the yield, and improve some quality indexes.

ZRE54®:

BiiE300mg/L ALAZREEXT SR RS RE IR BEAMEHEARKR, M SRS EMANE. $6E
R, SIS, ZEER LA R4 5% 19.8% . 19.4%F19.5% . R, e, #
SRR A LU IR 3. 0% 3.3% ., 8.3% M8, 1%. 4L, &EALAEE B RIR ER D &
AL, RERSLARAD, INIIR G &, FFSCE AR iR,
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Effects of Exogenous ALA on Thinning and Fruit Quality in ‘Hosui’ Pear
(Pyrus pyrifolia)

SHEN Ming', DUAN Chun-hui', ZHANG Zhi-ping', CHENG Yun®, WANG Liang-ju"’, and LI Bai-jian’

('College of Horticulture, Nanjing Agricultural University, Nanjing 210095, China: *Fujiabian Fruit Ltd. of Nanjing,
Nanjing 211221, China)

* Objective: To study the effects of spraying ALA on fruit setting, fruit quality and leaf photosynthesis of
Pyrus pyrifolia.

H . AR ALAXS Sk RLAL B L BEsie it ot DL S &R FH B 52
» Methods: At the flowering stage, 600, 900 and 1200mg/L ALA solution were coated on the surface of
the culture medium, and the pollen germination rate was observed under the microscope and

photographed with water as the control. Fruit trees with relatively consistent growth conditions were
selected and their growth indexes such as fruit setting rate were measured.

HvE: FELE RN R 3L R 54600 900F11200mg/LIFALAYA W, LB /KAE AXTIE, 75 Sds T
MR LC K B A R IFFAIRIC S . BB KA — U SR, o e i B SR 25 A K AR A itk 47 22

* Results and Conclusion:

Spraying 600, 900 and 1200mg/L 5-aminolevulinic acid solution could play a role in flower dispersal,
reduce the fruit setting rate, improve the single fruit quality and improve the fruit quality during
harvesting. High concentration of ALA significantly reduced stigma receptivity, increased superoxide
anion production rate in floral organs, and decreased SOD and CAT activities.

ZRE4W®:

BEA600~ 900F11200mg/L 5-FE ZBLNIRIER, TTLUERIRIEIER, FRRARE, RERUoy
REBRRE, SHERELMA. SIREALAKCIE, 7T B2 R Sk T, Rmibas g A
BHES T If 7 AR, SODRICATHE M ) 2 35 T %
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Study on Time Effects of Exogenous 5-Aminolevulinic Acid Treatment on
Alleviating Salinity Injury in ‘Benihoppe’ Strawberry

WU Wenwen, AN Yuyan, and WANG Liangju’
(College af Horticulture, Nanjing Agricultural University, Nanjing 210095, China)

» Objective: To study the appropriate treatment time of exogenous 5-aminolevulinic acid to alleviate
strawberry salt stress injury.

BH: BETEANIRE—Z I I PR 2 Ak B 0 30 1 5 1) o B AR BN [A] o

* Methods: At 5, 10, 15 and 20 days before NaCl treatment, the roots were irrigated with 200mL nutrient
solution containing 10mg/L5-ALA. After salt stress for 12 days, the mature leaves of the plants were
selected to measure the chlorophyll fluorescence, and then the leaves and roots were collected.
Chlorophyll content, active oxygen metabolism (activity and production rate of SOD and POD) and
other related physiological and biochemical indexes were measured.

FiiE: S RIFENaCL AL BERT 5. 15, 20d)f200mL 5 10mg/L5-ALAFYE FRIBEHEAR T, HhiE
1mﬁ,ﬁmﬁ%m%WH@%MEH%%%% SN KM Fr R &, e maf R | s T
SUPRTE(SOD. POD 37 M= 2 2 ) S8 AT 2 B2 A 6 b

* Results and Conclusion:

Under 100mmol/L NaCl and 10mg/L ALA treatment, the earlier treatment, the more beneficial to
alleviate the damage of salt stress on strawberry seedlings, the effect was: 20d>15d>10d>5d>0d.

ZRE4®:

7£100mmol/L NaCl., 10mg/L ALAKCERET, #MREACHE, #ERTEEEMHENERGEWGE, 1
FBRA: 20d>15d>10d>5d>0d .
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» Obijective: To study the effects of 5-ALA on photosynthesis, chlorophyll fluorescence, antioxidant enzymes
activity and MDA content of strawberry.

%Eﬁ: WF 58 TR AT 5-ALAR B A iEMOG SR . S POt YE . DAL BEE A0 P — % (MDA) & &= 5
M) .

» Methods: The concentration of exogenous ALA was 100, 300 and 600mg/L, and water was used as control. Foliar
spraying was carried out in the evening. After 2d, photosynthetic parameters, chlorophyll fluorescence parameters
and other physiological parameters were measured.

Jiik: AMIRALAYZ100, 300M1600mg/L SFIKIE, LUIEACNXS . GFMEI BEAT H- A . 2d)5, WEeas
B MEp R WS E L HAR A BB T
» Results and Conclusion:

The results showed that 100mg/L ALA treatment significantly increased the net light table rate of strawberry leaves,
and this effect may be related to the increase of chlorophyll content and carboxylation efficiency, and the decrease of
photorespiration rate.

ZREE1R:

ZRRW, 100mg/L ALAME B ERBERM FELERER, WHX RN RE5HREHTZREENRL
MBRF, FRGPRIERTR.
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» Objective: To study the effects of low temperature stress on AsA-GSH cycle in ovary and style of sweet cherry,
and the mitigation mechanism of exogenous ALA to low temperature damage.

B BT SRR e X B T b5 FIAEAEASA-GSHIE IR HISE I, DA S AMNIRALAXS IR TRAT 35 I 2L EE .

» Methods: Cherry plants with similar growth were selected and sprayed with ALA solution at 25, 50, 75 and
100mg/L on the surface of fruit branches, with water as control. The contents of superoxide anion free radical,
hydrogen peroxide, AsA, DHA and the activities of related enzymes in the ASA-GSH cycle were determined
after harvest.

Tk IEICK AT BRI, REN25, 50, 75F1100me/LIKALAKL B R iE T R T, LUHKHN
SR, TSR fE I e B A B B 7 2 AR, AsA. DHAR & & DL S AsA-GSHAM #A HhAH S (1 75 1

* Results and Conclusion:

Spraying proper amount of ALA can effectively reduce the accumulation of superoxide anion free radicals and
hydrogen peroxide, increase the contents of reduced ascorbic acid (AsA) and reduced glutathione (GSH), and
decrease the contents of oxidized ascorbic acid (DHA) and oxidized glutathione (GSSG) in ovary and style of sweet
cherry under low temperature stress. Increase the activity of related enzymes in asA-GSH cycle. Among them,
50mg/L ALA had the best effect, followed by 75mg/L ALA.

ZRE5%W:
M it i B R ALA ] A R PR AR AR e s BB 1~ s Ae At ol S8 B 8 7~ B i B A | AL A IR R, 1R ik
JE R GTIR LR (AsA) FIE JR A2 it H K (GSH) 2 &, FRARSA AL RIS i iR (DHA) A1 AL B2 e H IR (GSSG) &

?E,Z?E%AsA—GSH?E% HOAH OB TS 1 . e AR BN 50mg/LIFJALAYE FHRUR B i,  75mg/LIFJALAYE F 2R
R
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» Objective: To study the effects of ALA treatment on fruit coloration related physiological indexes and gene
expression.

HE: BFF0 ALA AbFEX R SEAE thH 5G4 BEAR FR M R 308 B 52

» Methods: Before color change, the fruit surface was coated with ALA solution of different concentrations (300,
100, 50 mg/L) twice until the fruit surface was completely wet, and the coated water was used as the control. The
fruit weight, color index, soluble solid content and titratable acid content were determined.

Tk (ERYEART, AAFREEALAGH (300, 100, 50 mg/L) A7 E R 5E AR, LR
ARAEAR R R SCRE AR AT SR L R PR PR & B TR e B e

+ Results and Conclusion:
The control fruits ripened 25d after treatment, and the ALA fruits ripened 20d after treatment, about 5d earlier.

Therefore, ALA treatments, especially those treated at 300 and 100mg/L, did not significantly increase the coloring
of ripe fruits, but significantly promoted the pre-coloring of peach skins.

SR 548,
ot HE S SR AL B J5 25d i, ALAKL 3 S SeAE AL B J5 20d e, $RE5T 5dA A

g}%gm&iﬁ, JLHRZ300f1100mg/LALEE, BHREA B EWIMBHARLKERL, HEZEHTHEKE
i .
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» Objective: To study the effect of exogenous 5-ALA on photosynthesis of jackfruit.
B BT A2 dE LI N RN 3 25 200 S A E RS

» Methods: Plants with similar growth were selected as test materials and sprayed with 5, 10, 15 and 20 mg/L
ALA, respectively, with distilled water as control. Leaves of roughly the same size, maturity and location were
selected to measure net photosynthetic rate, stomatal conductance, intercellular carbon dioxide concentration
and transpiration rate with a photosynthetic apparatus.

T FERN KB R RIS, 70 k5. 10, 15 20 mg/L ALA, PLZETR/KITHE XS I
VRN BENE L AL ERBUHFIRH . ADGE OGN dotEE R, SR, MR =S BIR A 2%
AR FEM R G S

» Results and Conclusion:

The results showed that low concentration of ALA could significantly promote the photosynthesis of jackfruit tree,
and 10 mg/L of ALA was the best treatment. Suitable concentration of ALA can effectively promote the
photosynthetic efficiency of jackfruit, but high concentration of ALA can inhibit the effect.

ZREZR:

SERRY, RIKEALAF B (EHFE T BRI EEM, SABREF, P10 ng/LABEIREE. BEE
WREALATT DA R BE B EADCE e, WEL R R EMHIEM.
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5-Aminolevulinic acid affects fruit coloration, growth, and nutrition
quality of Litchi chinensis Sonn. cv. Feizixiao in Hainan, tropical China

Shun Feng ', Mao-fu Li', Fan Wu, Wei-liang Li, Shao-peng Li

College of Horticulture and Landscape Architecture, Hoinan University, Haikou 570228, Hainan, China

* Objective: To study the effects of 5-ALA on color, growth and nutritional quality of litchi fruit.

HE: BFRG-ALAX 35 R S By AR K S8 IR 1520

» Methods: At 45 days after flowering, the selected fruits were treated with 5-ala at 0, 80, 100, 120, 140 and 160mg/L,
respectively, and the physical and biochemical characteristics of the growth and coloring state of each sample were
determined.

Fvk: WHE45d , HI5-ALA 435%JLL0. 80+ 100. 120. 140F1160mg,/LAbTH 5k 5 it SR A B 5, I 52 &R i 1 A
KANE CRS S B AR

» Results and Conclusion:

The results showed that the application of exogenous 5-ALA could increase the weight of litchi fruit by 9-17%, and
significantly increase the diameter and length of the fruit, but had no significant effect on the total chlorophyll content,
and mainly promoted the fruit coloration by affecting the synthesis of total anthocyanin. In addition, exogenous 5-
ALA(80 and 100 mg/L) increased vitamin C content at harvest (at least 9-13% higher than the control).

ZRE4®:

SRR, MRHANRS-ALAR] E % R ERIN9-17%, RELELMKEEENN, EXaHSESELESE
B, FTEBESENAETRSRREHELERS. A, AMNES-ALA(80F1100 mg/L) FENGRET REIR B 44
RCEE (X2 EF-13%) o
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Physiological response of banana seedling to exogenous ALA
under drought stress

HE Juan, LI Mao-fu, WU Fan, LI Shao—peng”, ZHOU Shuang—yun

(Key Laboratory for Protection, Development and Utilization of Tropical Crop Germplasm Resources, Ministry of Education/
College of Horticulture and Landscape, Hainan University, Haikou 571737, China)

» Objective: To study the effects of exogenous 5-ALA on the growth and physiological characteristics of banana
seedlings under drought stress.

HE: WFFUAMNES-ALAX M T~ & R4l v A K AN A B R 2 o

« Methods: Under the simulated drought stress condition of 10% PEG-6000, the changes of growth indexes of
banana seedlings and physiological indexes such as relative water content, malondialdehyde (MDA) content,
soluble protein content, relative electrical conductivity, SOD and POD activities in functional leaves of banana
treated with different concentrations of ALA (1, 10, 50 and 100mg/L) were studied.

i 1E10%PEG-6000E 4 T- 2B 4, SAEIREEALA (1. 10, 50, 100mg/L) Ab¥ 5 LM A
ff@%ﬁ%ﬁﬁ$ﬁﬁﬁm§\ﬁ:%mmﬁﬁsﬂ%ﬁEEQE\mﬁﬁﬁﬁ\wwwwﬁﬁ%iﬁ
BRI AL, o

» Results and Conclusion:

Under 10% PEG-6000 stress, the growth of banana seedlings was significantly inhibited, but after different mass
concentrations of ALA treatment, the growth indexes increased, and 10 mg/L ALA treatment was the most
significant effect, and the indexes reached the maximum. The leaf area, fresh weight of aboveground part, fresh
weight of underground part and root-shoot ratio were significantly increased in the control group under drought stress.

ZRE4®:

FE10%PEG-6000 il T, FF AL EERZ B0 ZIMH], M2 AR EIRERALAMCIE 5, S IUEKIEhRL
AT, HH L0 mg/L ALAREEHRBEANEE, SFWIRRNEEAME, HHmER. #h EMoaEE.
TR e B ROAR et L LU T R R X R B R
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» Objective: To study the effects of 5-ALA on photosynthetic characteristics, carbohydrate accumulation,
antioxidant enzyme activity and malondialdehyde (MDA) content of watermelon plants under low temperature
and low light.

HEI: BEF5-ALAXHIRIR S5 6554 R P IO G R . BRAKEIA R SrE GBS TEA ] — % (MDA) &

IR

» Methods: ALA treatment was set at concentrations of 50, 100 and 200mg/L, and distilled water was used as the
control. Leaves were applied on both sides in the evening, and the remaining solution was used for root irrigation.
After treatment for 6 days, parameters were measured.

ﬁ?%:#ALAﬁiEEW&BO\ 100£0200mg/L 3/ NMREE, DLZRTH/K AR, FEBZME BT Xt B IE SRR, IR VE RN
FREBEWL, AOFROd)S T AG M & &5 IS4

* Results and Conclusion:

The results showed that exogenous ALA significantly increased the net photosynthetic rate (Pn), stomatal
conductance (Gs) and transpiration rate (Tr) of watermelon seedlings. In addition, ALA treatment also significantly
increased the activities of antioxidant enzymes such as SOD and POD in leaves, which indicated that ALA treatment
mainly promoted the active metabolism of watermelon seedlings by increasing the activities of SOD and POD, so as
to protect the photosynthetic performance of cells.

GRE4®:

CERFH, SMEALAKCIEIRE T A RAEH FEEEE (Pn) - SILEE (Gs) FMEBER (Tr) . A,
ALAKCBRIR B 3% 7 M A SODFPODE& ST EAL B IE M, X UEBIALAAL I J5 = il 32 miE bk SODATPOD ¥ 145k
{RBETE RS AR S, TR gt &1 Re.
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» Objective: To study the effects of 5-ALA on chlorophyll content and specific leaf weight in tobacco leaves.

The effects of frost and drought stress on antioxidant enzyme activities and malondialdehyde content of plants
were also studied.

H HJ: Eﬂ%S—ALAXﬂlﬁﬂﬂ#EF'”Jr?%%% B HEH B RSN RINT ST 7R R T R a AL
EEvE T L A E R
« Methods: At room temperature, the supernatant of the fermentation broth of engineering bacteria M15 with a

concentration of 1.027g/L ALA was diluted into different times for root irrigation, and water was used as the
control. After 15 days, random samples were collected and chlorophyll content was determined.

JTivh: ARSI T, RALAREZL. 027g/ LAY TRERIMLS KRB EiS MR AN RIS ROt AT HERR AL 2], LUIS 7K AR
X 16dJa BREMLERE, HEAT M2 & B E

» Results and Conclusion:

The results showed that the chlorophyll and leaf weight of tobacco leaves treated with ALA increased by 33.5%
and 265.91% respectively. In addition, ALA treatment also significantly increased the activities of POD, CAT
and other antioxidant enzymes in leaves, so as to protect the plants from damage or reduce the damage degree
under frost and drought conditions, and improve the cold resistance and drought tolerance of tobacco.

GZRE5R:

SRR, Z=RINRALASCEE B SRR 325 1 33. 5%, ERIFEEHIN T 265. 91%. Be4h, ALAG
IR E R T ﬂJr)#POD%LICAT%m%LM’imiﬁﬁ, AT ORGP AR AE 7R R A0 S 00 T A 2450 35 B IR
FIEEE, AR m R T T g
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Effects of S-Aminolevulinic Acid on Chlorophyll, Photosynthesis,
Soluble Sugar and Flavonoids of Ginkgo biloba

Feng XU, Shuiyuan CHENG?, Jun ZHU", Weiwei ZHANG', Yan WANG

» Objective: To study the effects of 5-ALA on photosynthetic rate, chlorophyll and soluble sugar contents, flavonoid
accumulation and flavonoid enzyme activity of ginkgo biloba leaves.

HE: BT F5-ALAXHERAT I Frob G i . ks ATy Pl & B, S DR RN 288 B T i 0 1 ) R

» Methods: All seedlings were sprayed with ALA aqueous solution at 0, 10 and 100 mg/L, respectively. The 4th and
5th leaves were harvested at day 0, 4, 8 and 16, except for light synthesis rate.

T3 KPR 4 AT T SEALAK IR REZ 70530790 10A1100 mg/L) o BRJGERGEZSL, HRBIRIRY
EEO. 4. S8FI6 RIS RIK AR S i o

* Results and Conclusion:

The results showed that ALA treatment increased the contents of chlorophyll, soluble sugar and the activities of
flavonoid enzymes (PAL, CHS and CHI).

Taking 100mg/L 5-ALA as an example, compared with the blank control group, the photosynthetic rate, Chl content,
soluble sugar content, total polyphenols, total flavonoids and total anthocyanins increased by 198.7%, 30.1%, 54.85%,
20.3%, 23.1% and 96.1% respectively.

GRESW:
REERRY, ALAGERE T H A EEER. HEREE. HEERESEMKME (PAL. CHSHICHT) & k.

LL100mg/L 5-ALAJNGY, MHELT 28 FOWHRAL, M BOOGHIRAR LR 1198, %, Chl & &dies 130, 1%, nl Ik
ErERE T 54.85%, S EMTRE 120, 3%, MHEIIE S 123 1%, MIEH R 796, 1%,
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Effect of Spraying ALA on Heat Rresistance of Medicago sativa

LI Wan-xuan'® , WANG Shi-min*® , ZHAO Yan'"
(1. College of Horticulture and Landscape, Yunnan Agricultural Ut sity, Kunming, Yunnan Province 650201, China;
2, College of Agro and Li » Zhaotong College, Zhaotong, Yunnan Province 6857000, China)

 Objective: To study the effects of different concentrations of 5-aminolevulinic acid on morphology,
relative conductivity, chloroplast pigment, malondialdehyde (MDA) and peroxidase (POD) activities.

E% W FA R IZ B 5- R 5 LB AR LS TahR . A LG R xR, 95 (MDA) A
ALY (POD) Vi PRI

» Methods: The effects of ALA (0, 10, 30, 50mg/L) on morphology and physiological indexes of alfalfa
(deqin) under high temperature stress (35°C/25°C) were observed.

vk DL “HEER” AV ERE MR, W EEMME T (35°C/25°C) Mt AN R FE IIALA (0.
w\%\mmﬁ>ﬂ%faﬁ% A B R AR A 520

* Results and Conclusion:

Spraying 30mg/L ALA solution on alfalfa leaves could improve POD activity, reduce cell membrane
peroxidation and membrane permeability, protect chloroplast pigment and increase dry matter
accumulation, and promote the growth and development of alfalfa leaves.

ZRE4E®:

FEM- BT 30mg /LUK B IALAY YRR , AR TR R FEEAE i PPODIE 1 . P4t BBt SHALRE
FERMAMBEERE, ERPARHSERRAEIMETYRIRR, REERNEKRKE.
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Effect of Exogenous 5-Aminolevulinic Acid on Physiological
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Characteristics and Secondary Metabolite Contents
of Alfalfa Seedling under Drought Stress
LI Dandan', LIANG Zongsuo®, YANG Zongqi*, XU Xuexuan', HAN Ruilian"
(1 College of Grassland Agriculture, Northwest A& F University. Yangling, Shaanxi 712100,China: 2 School of Life Science and

Medicine, Zhejiang Sci-Tech University, Hangzhou 310018, China: 3 School of Civil Engineering and Architecture. Zhejiang
Sci-Tech University. Hangzhou 310018, China)

» Objective: To study the response of different concentrations of 5-aminolevulinic acid to alfalfa under drought
stress.

B BEFURINAS R E 5 —2 3 2B IR0 58 18 B A THDO 5 e s gy )2
« Methods: Different concentrations (0, 5, 10, 15, 20, 25mg/L) of ALA were sprayed with 15% polyethylene

glycol (peg-6000) to simulate drought stress of alfalfa seedlings, and the related physiological and
biochemical indexes and the accumulation of secondary metabolizable substances were measured.

Fik: HAEKE (0. 5. 104 154 20, 25mg/L) FIALAMGjiti kb F 15 % & 2 — % (PEG-6000) #4152 i
FHILIEE TE 40, TR HAE e ) A B A AL Fe AR DL S Ik AE AR I R AR B

* Results and Conclusion:

Spraying ALA on the leaf surface could effectively improve the activities of antioxidant enzymes, contents of
osmotic regulatory substances, secondary metabolites (flavonoids, saponins) and photosynthetic pigments in
alfalfa leaves under drought stress, thus enhancing the tolerance of alfalfa to drought stress, and 10mg/L ALA
had a significant relief effect.

R 545

I M HEALARE 543 25 e T a8 N S8 B e i 7 LR PE DLURGS B R T AR (5

gggmﬁiﬁ%éégﬁiMﬁﬁﬁ%%%ﬁﬁ?i%ﬁ%ﬁ%&ﬁummﬂAm%%%ﬁ%
A174 o
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(1. pgRlHEpe e arRlERe, R #HE  453003; 2. TRIRMEERsHRlERE, E S 453003)

 Objective: To study the effects of spraying different concentrations of 5-aminolevulinic acid on
photosynthetic characteristics and growth of taxus chinensis seedlings.

EE: T8 A [R5 ) 52 B £ P R X 21 G AZ B D' R 1 AT A AR R BE
» Methods: Taxus chinensis seedlings with the same and good growth status were selected and sprayed with
10, 20, 40 and 60mg/L ALA to 4 groups, respectively. The other group was sprayed with the same amount

of water as control treatment. Growth indexes and photosynthetic characteristics of taxus chinensis
seedlings were measured after growing for a certain period of time.

Jivk: HEHUEKARBURIE LB TR0, gL BIBHE10, 20, 40, 60mg/LIAALA, 3
I SR T Ao IR AL R, 52 K 6 ) R W LT 6 S0 4 KA RO 2R

* Results and Conclusion:

Compared with the control, spraying ALA at 10, 20, 40 and 60mg/L could improve the net photosynthetic
rate, stomatal conductance and transpiration rate of taxus chinensis seedlings, so as to improve its growth
status. ALA could also change the light response curve fitting parameters of taxus chinensis seedlings,
improve the maximum net photosynthetic rate, light saturation point and apparent quantum efficiency, and
reduce the light compensation point and dark respiration rate of taxus chinensis seedlings. In the experimental
concentration range, spraying 20mg/L ALA has the most significant improvement effect.

GRE4®:

iyt IEA L, WEiE10. 20, 40, 60mg/L HIALAREWSIR T L G4 T &R, [ILGE, &
WK, MM ECE A KR I ALAIE AT LS LL G A2 40 I G N i 2 I & 280, ReW T G424
B P R E A R . MR S AR TR0, RIS B AR LG M2 s R R R . AR 7R iR I
WETEERN, f20ng/LALANRASEZAEE.
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Effects of 5S—aminolevulinic acid (ALA) on flower production
and quality of cut rose

XIAO Yue',ZHOU Chu-qi', WU Jing-zhi' ,HE Shui-lian',DUAN Jin-hui’*, WU Hong-zhi"

('College of Landscape and Horticulture, Yunnan Agricultural University , Kunming 650201, China; “Yunnan Yunxiu
Flower Co., Ltd., Yuxi, Yunnan 652701, China )

» Objective: To study the effects of ALA on physiological changes, yield and quality of cut rose.
HHE: WFFALAXS A ZRU018 A4 #AR b Ko 7= s A 5 IR 52

» Methods: Spray cut rose with different concentrations of ALA on the leaves. ALA aqueous solutions of 10, 20,
30, 40 and 50mg/L were prepared, respectively, and clean water was used as control. The number of piles and
the total number of branches of cut rose in each treatment were counted, and the yield of cut rose was
calculated.

Tk AR EALAM EIBEEYIIE A . 73 AIBLHI 10, 20, 30, 40M150mg/LAJALAZKIEH, LK K Ant
B it S AR H AR EONE S S 2, IR E A FUE & .
* Results and Conclusion:

Spraying ALA could promote the chlorophyll synthesis and soluble sugar content of cut rose leaves, and thus
effectively improve the yield and quality of cut rose. Among them, the best spraying concentration in summer is
30.0 mg/L, and the best spraying concentration in winter is 40.0 mg/L.

ZERE54R:

DIAEH ZEWURALA, ] fe k EL i Py IS 3 5 AT iR PERE S S 80, A R s Ve A i . e
1, BERAAEBHKREN30.0 ng/L, ZZTHRAAEBHEREIN40.0 mg/L.
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Insecticidal Activities of 5-Aminolevulinic Acid on Oxya chinensis
and Effect on Three Kinds of Enzymes

YIN Kun, MA En-bo, XUE Chun-rong, WU Hai-hua, GUO Ya-ping, ZHANG Jian-zhen
(School of Life Sciences and Technology, Shanxi University, Taivuan 030006)

» Obijective: To study the insecticidal activity of 5-ALA on Oxya chinensis and the effects of 5-ALA on the activities
of three enzymes.

H . B 7E5-ALAS A AR e F) 2% R A2 RS Sl vl 1 R 2 T

» Methods: Different doses of ALA (250, 450, 750, 1000 mmol/L) were used to treat the Fourth-instar nymphs of
Oxya chinensis . To observe its toxic effect on Oxya chinensis and its effects on the activities of AChE, GSTs and
GPx in vivo.

HiE: UL R4 ORISR, HAARFIERALL (250, 450, 7504 1000 mmol/L) AbFREH4EFGIE, W
52 HOGE R AR (R T 18 N A HAR N Z BERE R BE B (AChE) BBt H K S-%#8 (GSTs) FIAMEH kL E
el (GPx) &1 MR .

» Results and Conclusion:

The mortality of Oxya chinensis in the treatment groups with different doses of ALA increased according to the
treatment dose, and the mortality in the high-concentration treatment groups (750 mmol/L, 1000mmol/L) reached
66.19% and 80.21%, respectively.

In conclusion, ALA has obvious toxic effects on both male and female Oxya chinensis . ALA induced the
photoinactivation of AChE and GPx, which resulted in the nerve conduction obstruction and the ability to resist
oxidative damage of Oxya chinensis . High doses of ALA activate GSTs, which can trigger self-feedback resistance to
phototoxic substances in insects.

ZREZR:

AFFEALAKC IR H R T RAR G EF B 2P LA, mRELAIEA (750, 1000mmol/L) HKIFET- %
A3 RIEE] 66. 19%F180. 21%.

g5 E TR, ALA XHME, b AR AT U B OB RS ALATT 3| EACRERIGPAOR 23, T S B0 g 2
e SR R B (RS JT FFe s Bl BEALAMIGTGSTs, mI 5| B X a MEA R 1) B 5 I A 5«
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Dietary supplementation with 5-aminolevulinic acid modulates growth
performance and inflammatory responses in broiler chickens

K. Sato,*! K. Matsushita,t K. Takahashi,} M. Aoki * J. Fuziwara,* S. Miyanari,§ and T. Kamada*
Dr; mn?m‘ of Biological Production, T(:’Jo University of Agriculture and Tﬂrhmbfjg Tokyo, Japan I\f M(}Q
f Yamanashi Prefectural Livestock Experiment Station, Koufu, Japan 409-3812; } Yamagata Prefectural Yor
H oman’s Junior Co ll?qr Yonezawa, 1’ apan 992- UO 25; and §Cosmo Oil Co. Ltd., Toi wyo, Japan 105-852 "?

» Objective: To study the effects of dietary 5-aminolevulinic acid (5-ALA) on immune system, inflammatory
response and growth performance of broilers.

H ). WF5C m kR A ns -2 2k CEE IR (5-ALA) X PRIRS S R4t JORE NS AE KRR 52 o

* Methods: The diet was supplemented with 10ppm, 100ppm and 1000ppm 5-ALA (purity 97%), respectively, and
the basal diet was used as the control. The effect of 5-ALA on t-cell-related mMRNA expression in spleen and
plasma was determined by TBARS concentration.

Fik: Al AR AN 10ppm. 100ppms 1000ppmfI5-ALA (4EFEKH97%) , LAREREGER AR, it e
TBARS IR JEE 5K 1] e 5- ALA XS AR A 111242 o T2 e AH 5% FImRNA 2K 1R 52

» Results and Conclusion:

The results showed that 5-ALA could be used as an immunomodulator to mildly induce oxidative stress in broilers,
enhance the immune system of T cells, and thus improve growth performance. The concentration of 10ppm was the
best, but the concentration of 1000ppm ALA inhibited the growth of broilers.

ERE5®:

ZRER, S-ALATT DAEAN—MEEIETH], TUREHESREAENREARE, BERTHARNAERS, M
TEEE K. Hd10ppmIRE N, 1000ppmik B FIALAR T <= IR A K.



