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SUMMARY

1. Effects of 5-Aminolevulinic acids on arowth and inhibition of several plant
The purpose of this study is to investigate the positive or negative effects of
5-aminolevulinic acid (ALA) on the growth of several crops and weeds, by
applying a seed soaking treatment, foliar treatment, and application timing, while
comparing biological activity between ALA produced by chemical synthesis
(Synthetic-ALA) and extracellularly-accumulated ALA by overexpressing the
hemeAgene isolated from Bradyrhizobium japonicum (Bio-ALA). Seed soaking
treatment of ALA in barley (five cultivars) and wheat (five cultivars) had not
shown positive effects at lower concentrations, 0.05 to 0.5 mM as well as negative
effects at higher concentrations, 1 to 30 mM. In rice, there also was no positive
effect by seed soaking treatment of ALA at lower concentrations, although the rice
became damaged by an application of 5 and 10 mM ALA. Growth in barley
cultivars, = Ganghossalbori,  Naehanssalbori, = Songhakbori,  Saessalbori,  and
Daehossalbori were increased up to 14%, 19-51%, 17-64%, 18-23%,and 22-38% by
ALA foliar application at lower concentrations, 0.05 to 0.5 mM, respectively. On
the other hand, the growth in barley cultivars was inhibited by ALA foliar
application at higher concentrations. Barley responded more positively to ALA
foliar application than wheat and rice. The growth stimulation caused by ALA
seed soaking treatment was less than by ALA foliar treatment. ALA treatment at
the 1.5-leaf stage increased growth of barley by 19-58%, while pretreatment to
seeds, post-emergence treatment at 3 days after seeding, 3-leaf stages, and 5-leaf
stages had not shown positive effects. Thus, the positive effects of ALA on barley
were dependent greatly upon the timing of application and its concentration.
Monocots weeds were more sensitive to ALA foliar treatment than dicotyledonous

weeds. A monocot weed, Setaria viridis L. was the most susceptible plant to ALA



while a dicotyledonous weed, Plantago asiatica L. was the most tolerant. No
significant difference in biological activity between bio-ALA and synthetic ALA on
barley, wheat, rice, and weed, Ixeris dentate tested was observed. Thus, ALA
produced by microorganisms would be a potent substance to be used effectively in

agricultural production.

2.  Mechanism of promotive effect and herbicidal action of 5-Aminolevulinic

acid on barley and wheat

The role of 5-aminolevulinic acid (ALA) as an intermediate of the biological
tetrapyrrole synthesis or a herbicide is well documented. In the present report, to
elucidate mechanism of promotive effects and herbicidal action of ALA, this
compound was applied to 1.5 leaf stages of barley and wheat at lower (0.05, 0.1,
and 0.5 mM) and higher (5, 10, and 30 mM) concentrations. Shoot fresh weight in
barley and wheat was increased up to 12-26% and 3-9% by ALA at lower
concentrations, respectively. On the other hand, the shoot fresh weight in barley
and wheat were inhibited up to 23-92% and 34-83% by ALA at higher
concentrations, respectively. The capacity for ALA synthesis was much higher in
barley than in wheat at 5, 10, 15, 20, and 25 days after seeding. When the barley
and wheat plants were applied on 5 mM of ALA solution in darkness for 12 hrs
and then exposed to light, rapid electrolyte leakage, reduction of chlorophyll
content, and increase of lipid peroxidation from the plants occurred. The herbicidal
action in the barley was similar to those of wheat. Although porphyrin
intermediate, protochlorophyllide, Mg-protoporphyrin IX, and protoporphyrin IX
(Proto IX) were accumulated with 5 mM of ALA treatment, the ratio of
accumulated of Proto IX was the greatest among the tested porphyrin
intermediate. It reached more than 23 and 26-fold of control of barley and wheat

after 12 hrs in darkness. The accumulation of Proto IX was much greater after the



12-hrs treatment in darkness than that after the 4-hrs treatment in light. The ratios
of other porphyrins were small and changed little in both 12 hrs treatment in
darkness and 4 hrs treatment in light. It is considered that phytotoxic action of
ALA to barley and wheat is caused by the phytodynamic action of accumulated
Proto IX.

3. Effect of ALA on growth promotion of barley and radish, and herbicidal
action of barnyardgrass and Indian jointvetch under various environmental
conditions

The purpose of this study is to investigate the effects of 5-aminolevulinic acid
(ALA) on the growth promotion of barley and radish, and herbicidal effect of
barnyardgrass and Indian jointvetch under various environmental conditions such
as temperature, light intensity, and water levels. The effect of ALA on growth
promotion of barley was not observed under adverse environment such as low
temperature and low light intensity conditions. However, the effect of ALA on
shoot fresh weight of barley was increased under saturated water condition. The
root fresh weight of radish under low temperature, high temperature, high light
intensity, and saturated water conditions was increased up to 50-60%, 50%, 70-80%,
and 70% by ALA application at lower concentrations, 0.05 to 0.5 mM, respectively.
On the other hand, the herbicidal effect of barnyardgrass by ALA application
under different temperature conditions was higher in 20C and 30T conditions
than in 10C condition. In addition, herbicidal effect of barnyardgrass by ALA
application was higher in high light intensity, 200 and 400 pmol m™ s than in
low light intensity, 20 pmol m™ s™. The herbicidal effect of barnyardgrass by ALA
application under flooded water condition was higher than in saturated water
condition. The inhibitive level of shoot fresh weight of Indian jointvetch by ALA

application under 10C and 20T conditions was higher than 30C condition. The



inhibitive level of shoot fresh weight of Indian jointvetch by ALA application at 5
mM and 10 mM under light intensity, 200 and 400 pmol m™ s' was higher than
in low light intensity, 20 pmol m™” s™. The inhibitive level of shoot fresh weight of
Indian jointvetch by ALA application under flooded water condition was lower
than in normal water and saturated water conditions. Thus, the effect of ALA on
growth promotion of crops, and herbicidal action of weeds under adverse

environmental conditions was confirmed.

4. Herbicidal activity of single ALA and its mixture with other herbicides
Biological activity of #&-aminolevulinic acid (ALA), an intermediate for the
biosynthesis of tetrapyrroles such as chlorophyll was examined to determine the
variation in phytotoxic potential against different plant species as affected by
different application methods and target plants through petri-dish and pot tests.
No significant difference in herbicidal activity between mcrobiologically-produced
ALA (Bio-ALA) and a synthetic ALA (Syn-ALA) was observed in a bioassay
against rice, alfalfa, barnyardgrass and Chinese cabbage. Alfalfa showed the most
tolerant response to ALA in both pre- and post-emergence application, and
followed by rice. With post-emergence application, ALA at 2 to 4mM reduced
shoot and root growths of Chinese cabbage and barnyard grass completely.
Herbicidal effects of ALA were more enhanced in the treatment combined with
2,2-dipyridyl than single application in barnyard grass and Chinese cabbage. At 2
to 8 mM ALA, soybean and cornwas more tolerant to ALA than eclipta and
barnyardgrass, showing higher plant height and fresh weight. By means of HPLC
analysis, it demonstrated that ALA-treated corn and soybean (2.8 and 0.5 time(s)
of control) accumulate more amounts of tetrapyrrole inthe dark than barnyardgrass
(74 times of control), indicating less photodynamic acivity when light was exposed.

The results showed that the accumulated tetrapyrroles act as potent photodynamic



sensitizers during the subsequent light period and results in the death of
susceptible plants in a matter of hours. Younger plants were more susceptible
responses to the ALA with increasing of concentration. than older plants, as like
general phenomena of herbicides. To enhance the herbicidal activity of ALA,
oxyfluorfen at low concentrations was mixed with ALA and the results showed
that combined application of two compounds showed synergic effect that reduce
fresh weight and chlorophyll content in rice and barnyardgrass. Several crops
including alfalfa, soybean and corn showed higher tolerance to ALA than weed
species, and that post-emergence application of ALA exhibited greatest
photodynamic activity against tested plants. In conclusion, the joint utilization of &
-aminolevulinic acid and other activators, such as 2,2-dipyridyl or other herbicide
was needed for the development of ALA as a new herbicide and maximization of

photodynamic activity.

5. Interactive effect of ALA herbicidal activity and agricultural environments and
stresses

ALA (&-Aminolevulinic acid) has received great attention as a new biodegradable
pesticide that are inhibitory to weeds but are not harmful to crops, animals, and
human, and as a prodrug for photodynamic diagnosis and therapy of cancer. In
addition, ALA has been reported to promote the growth and yield of rice, corn,
kidney bean, potato, garlic and Vigna species at low concentrations, and to
improve salt tolerance of cotton seedlings. ALA was named as tetrapyrrole-
dependent photodynamic herbicides (TDPH) that force green plants to accumulate
undesirable amount of metabolic intermediates (protoporphyrin IX) of the
chlorophyll and heme metabolic pathway in darkness, namely tetrapyrrole or as a
laser herbicide that is photodynamic. With post-emergence application, ALA at 2~

20 mM showed differential crop injury and weeding efficacy as affected by



different cropping patterns. Crop injury and weeding efficacy of ALA were greater
in dry-seeding than water-seeding condition, direct seeding than transplanting, and
10 day-old seedling than 20 day-old seedlings, respectively. ALA foliar application
against test plants with post-spray dark incubation (PSDIP) exhibited more
herbicidal activity than without PSDIP. Early growth and differentiation of lily
were stimulated at very low concentrations of ALA through scale culture in vitro
compared to control. ALA above 10 mM and its mixture with a insecticide
lufenuron showed 90% insecticidal effect on Spodoptera exigua (Hubner) as well as
Tetranychus urticie Koch. To determine residual amount of ALA and its effect
Chinese cabbage seeds were planted at 5-day interval and plant height, fresh
weight and chlorophyll A content were measured. ALA-incorporated soil was
collected and ALA dose was analyzed at same interval. The results showed that at
5 days after soil applicationALA was not detected, and no herbicidal effect on
Chinese cabbage was observed. At 5 days ALA-incorporated soil did not affect
growth and chlorophyll content of Chinese cabbage In field experiment, crop
injuries of ALA at 5~20 mM against rice, barley, soybean and Korean lawn grass
exhibited upto 30% even though degree of phytotoxicity differed depending on
crop species. However, ALA above 25 mM showed excellent weeding efficacy
above 90% at all fields. ALA improved salt tolerance of soybean; soybean seedling
treated with 30~120 mM NaCl could grow in soil containing levels as high as
107 ~10"M of ALA and stimulate up to 33~45%, because the presence of ALA
may cause a reductionof Na+uptake. Major morphological responses of
ALA-treated barnyardgrass leaf were reduction of leaf thickness due to destruction
of mesophyll and epidermal cells following severe loss of turgidity and

desiccation.
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1. ALA B4

stetd St T o|MESHM §4A: 5-Aminolevulinic acid(ALA)= EE {71A(5=, 2
5, nAE) A= HESHIE A4 (e.q, heme, chlorophyll, bacteriochlorophyll

9 vitamin Bp) (Fig. 1) #A9 52 AFAZA A 5709 A= shatEo|th

ALASl 3ot 32 i w2 Gl whgo] FukE ANt o] v v vk

ALA d8td d=2: G 3 GO 7 7HA 427 vk G A=l o7 ALA B4
=843 412k succinyl-CoA) o] 53k ®Egoll 3] o] Fo]x=dl  40,000-60,000
dalton®] o] FA & EA3}= ALA synthase(ALAS)l <]3f o] Fojzit}. 18f1} ALAE

6719 dFA= 744 E ALA dehydratase(ALAD)ol| ]3] w9~ wi2 A &&= 7] wjF
of ALA®l =45 98 ALADS &34 <1 A7t d2stth(Fig. 2). ol¢F 22 C4
Aol o3 ALARAE S §&, w30, 2% YA =(Chemotrophs)¥} 34 H|F
@33 Mt (purple non-sulfur photosynthetic bacteria)e} 722 w|AZ oA #ZHT)
a8y, G ARAAAE A AAS T ALAZE APHEY F2 A8, 257, dF
T oA EAE glon, o] AR FFHAk(glutamate) S ZHEH = FEFUARNA
/3 & 2 (glutamyl-tRNA synthetase), = FEFH-tRNA F24 o]E &4 (glutamic-tRNA
dehydrogenase) %! & & 4k-1-A17] & H] 3] = (glutamate-1-semialdehyde: GSA) ©}v] =
7] o] & A (transaminase)oll & & d# e wEGo] oA ALAR M3t &4 A=
g4 ALA A 4=Z% ALA 94 87 ¥olF(ALA auxotrophy)?] #2l& &3t



of grelM=d, C d=e ALA AEtokAl FHA= F 7FA 9l F 9 &4 (isozyme)
hemA % hemT7} EAstE Aoz e i, Wi G Z=ZF hemA, hemL%
hemM+- 250 efsto] 44 ¥o] dvkar vk A4, ALAE 5343 #7] S
o] g3t AAbetal 9o f(E: Beale SI., et al, Phytochemistry,18:441(1979)), A4t
S7F7E mob Aol glens mAEe] BEE o] &3 ALAS Atk B 1 o] &
#e AFEe] HayHa Jrh(FFE: Sasaki K, et al, J. Ferment.Technol.,
65:511(1987); Sasaki K., et al., Biotechnol. Lett.,, 15:859(1993); Tanaka T. et al.,
Biotechnol. Lett. 13:589(1991); Janschen R., et al., FEMS Microb. Lett.,, 12:167(1981);
Kipe-Not J.A. and Steven SE. PlantPhysiol, 65:126(1980); Beale S.I., and
Castelfranco P.A., Plant Physiol., 53:297(1974)).

Marargariss Glycine Glutamate I Rats

. « LA
Han Succinyl-CoA Aminotransferase
ALA synthetase(ALAS) (Glutamyl transferase)

5-aminolevulinic acid (ALA)

ALA dehydratase(ALAD)
Porphohilinogen (PBG)
1 Co?*
Uroporphyrinogen III — | Corrins (B,,)
Maaxrgaiss

Coproporphyrinogen I11

Protoporphyrinogen IX (Protogen IX)
Protoporphyrinogen oxidase
(Protox) Protoporphyrin IX (Proto IX)

Fe-Proto IX chelatase Mg-Proto IX chelatase

‘Pr}oheme Mg-Pro%

Heme Bacteriochlorophyll Chlorophyll
Hran Maaxgaiss Rats

Fig. 1. Biosynthetic Pathway of Porphyrin



COOH

COOH COOH
o levulinic acid coo
SCoA i
ALA synthetase ALA dehydratase
succinyl-CoA » O Y > / \
X2 N
H NH, H
%/COOH NH,
H D ——
NH 6-aminolevulinic acid porphobilinogen
2
glycine

Fig. 2. Catalyzed reaction of ALA f&-aminolevulinic acid by ALAS and ALAD.

2. ALAY] o] &

Ixofl CHSE oMM ALAT <QlAld Fallgh AReld AxA 2 AFA, 74 31344
A AE T 2 AGEHA, F9stA X 5 4](Grebenova 5, 1998) =4 #HAS Hil
Atk AzS xEFe AEAY porphyrin A3Hdel AFAEZA A dAFEE<] ALA

= A, 7S B sEEel Feida EAlel st
&

2 ALAE ojorpRolA TRt AuAl L vl APY E 5 ARBA

_‘?'_
AR ov] JEHE o] A§HIL glo], FDAYNN FA8 PYFYARE PG =
g

(PDT: Photodynamic theraphy)®] ¥EAIAIELe] A (Photosensitizer)=A] de] o] &
E] al 9\)1121' 911_}6] % OC}: 5 ‘A Oﬂ ALA-/] —,—04 = /H] 3z IH x= J—] 1—"4 (porphyrln) -E'—’é] 3‘:]] /lg
A AEe HZF HATAR], protoporphyrin IX(Proto IX)QJ =Tt FEEH JFABA

o ZAbl £4S 43 THS Ao AWAYE Aow wHTh v, 44



A= ALAS] F57F % Aatel vlsto] ol w3 =8 JFEER Qlste], diA

o2 FAE= Proto X wirh vtomm, ulof AR Qg &4do] v Aow 4

b5 FXAA AES FXAIZItHHua Z, et al, Cancer Research. 55:1723(1995);
Matsumoto T.H., et al, Weed Research, 37:60(1992); Matsumoto T.H. et al,
Resticide Biochemistry, 48:214(1994); Rebeiz N., et al, Photochem. Photobiol., 55:
431 (1995))aL H.a1% At}
MEMYZTHEAM, Stress ZHMEZE 0| Jhsd: &
o S, 359 Al R oA F3hE FIAAA

AN (FZE: Hua Z., et al, Cancer Research. 55:1723(1995); Matsumoto T.H., et al,,

+

fo

SFA]

T ARE 2

i)

l

A= a3t

1>
ol

]
=

A%

o,

(e}
=

by

Weed Research, 37:60(1992); Matsumoto T.H., et al, Pesticide Biochemistry,
48:214(1994); Rebeiz N., et al., Photochem. Photobiol., 55: 431(1995)), WA & 1 WA

3 ppm¢ ALAS 9ol 1 Wix] 48 A7k A &, F5 stde B4 =4, 7/ 5 F

o] Aol HXH= Aoz Baud #F 93 NaClel Wigh W 2del 235 e
We Aoz Busa glo] A WAldS S5sted $83 43S & Aew 7
o 2ot

3. 2] & A ALAS A x7]%

Tetrapyrrole  2[Zd M ZEM: ALA+ TDPH(Tetrapyrrole-dependent photodynamic

herbicide)®d #| %A (REBEIZ,et al, 1984)% % F¥c}.

AZEAHM SMAIZO o5t E2} tetrapyrrolell & = AR HHRS uw ¢




s
S

i
=
o

Y

%249 heme WAME &= 5 A SXHAIQ] tetrapyrroleo] B & o] o=

)

o FRZHA 3185 (photosensitizer, P)& #4t3} & 3 (photoxidation effect)el]l o] & 2

Stoll M MlzZatel X|AupMsL ZE: YAE P AaEAe} whgsle] A3 Ay
2k ('O, singlet On)7F BAHTE o] UFd Aol Abans A3 A=A A
etz A4 9kE(free radical chain reaction)dll 9]3 744
st BExsAAo R FAE QXA S ASAIA MEuE T3 ste] 1-4417F Wi

x| A o] Al wHET) (33: Rebeiz C.A. Montazer-Zouhoor A. Hopen H. and Wu

oF

lo

1>
il
lo,
=
bl
o)
=2
N
2

o
<

., Enzyme Microb. Technol., 6:390 (1984)).

il
Tetrapyrrole 9&=3d-& #9384 AxA 3 v FLY AxA—dE =W
Paraquat$} 22 A ZzA = AzLA tetrapyrrole AL o] E&HA] Fe=—F A

8 #t}. (Fig. 3).

A2d AFAa7E e 7l iR el 2pA ek H A

HAMBI|HS 0/ 8F Mol MASE oz ALA AR Fol Ut e

ol el A li= Rhodobacter, Rhodospirillum, Rhodopseudomonas's @ %2 J3d4d %
AAate]l Fejsta /Aty 54 3 mAE dAd ALA S Wlaske] #H A
MAES AAs s 7S o83 ALA AFAS st 5 Ade= o8 4

b AAHAL AL ok hed 9



Peroxidation

Post-spray dark period B (LRI g R (R e 11

Fig. 3. Herbicidal mechanism of §-Aminolevulinic acid. ALA forces green plants to
accumulate undesirable amount of Proto IX of the chlorophyll and heme metabolic
pathway in darkness. In the light, the accumulated tetrapyrroles (Proto IX)
photosynthetize the formation of singlet oxygen which kills the treated plants by

peroxidation of their cellular membranes as like DPE herbicides.
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M3 digdsd 4 & 2

A1A opkst AEFe] SR Ao #SE 5-Aminolevulinic

H HAAL E2 <2 5-Aminolevulinic acid(ALA)= 1Al F-a 3k AR A A%
A, FEA, A A0 A= o 2 AE AG A4, HWEE 2 HEd Fd, 39

ALAT ©24 5709 ofm| it A7bE 2 AEA ol Chlorophyll?t heme
%2 tetraphyrrolle A3t A A<l A o]tk (Avissar & Moberg, 1995;
Granick & Sassa,1971).

ALA= Chlorophyll Agd #AoA Hzxe] &&= A7 &Ao] 7 (Beale,1990)
SadHog2  AEAyeli 50nmol - gFW! o]te] Wl whe fFo® ALAYL
FrA = 3L QA Th(Chereskin & Castelfranco, 1982; Stobart & Ameen-Bukhari, 1984;
Weinstein & Beale, 1985). ALAY® -, 4'd&, ®e, 74, vts, ¥, S5 22 2=

Tl Asmz A & A5 FAYTEY 10~60% 5ol 3 Atk (Hotta et al,,
d

S

1997a; Roy et al, 1998). o|2]& =% &+ chlorophyll 3% 57 28 &
s 2 TF A8 AdAE T FEEdvk(Hotta et al, 1997a). EFF ALA:= H
frE Wgd((Hotta et al, 1998)3 &3] WAALS FTA7]l&= ZoE Hiwi
A ThH(Watanabe et al., 2000).

Ty vaA 52 TR ALAE A 49 AwelAd Az ZHUE dehdoh
=, ALAE AHg3s A EYAE  protoporphyrin, Mg-protoporphyrin %
#2 3@ 7FA] chlorophyll Fxt&Eo] HAAA R =A 4 5o

ZIt}(Castelfranco et al, 1974; Matsumoto et al., 1994; Sundquvist, 1969). ¥}

protochlorophyllide



4% tetrapyrrole 3tES AV oA #eld F FxALE AAEW
ol o] atxel wbgGEe] AT A2('0y7t A B H(Rebeiz et al,
1984). ©] AT A Atas AEE AstAERA A dqnkSel oF
BAFH=(FE Fx)9 Axde] EAstes =323t AUt m FAE dAAE
AEAA Aol AEYS el 1

Y=t (Chakraborty & Tripathy, 1992). ©]® <l&to] FHshAel sigt&Ee ©ol

A

pud

ofd

o
fo

A= o (Towers & Arnason, 1988), A4 Ao & ©]&=1il 9=(Duke et
al., 1991) diphenyl ether & 7} v AZAZ F5HE ol gith(Johnson et
al, 1978). ALAE <17t3 s&ol &7k glol A &3 QAo o r &gHu
A2} (Rebeiz et al, 1984; Schuitmaker et al, 1996) 3}%}% o

=
& ©@AS] Whg(Beale et al, 1979)¢] FREANE Fgo] vral, vke {84
A<

o &2

2

g owEel AdA Adel 2y A48d ¢ fle B2 2AHS L Jd(Tschudy
& Collins, 1959). Sasaki “5(1987)< 374 A[WAF wjA1E AF&3te] levulinic acid
H7v2 F4 pHOlA  Rhodobacter sphaeroides] <13 ALA®] HMXd FEFEO
16emM7HA] Z7bshe A1 dEedth el ] F53 ALA synthase(3H3 E4)E
Hetste] FEshE WH2 Bradyhizobium japonicum O 2 5-E] hemeA genes 4t 3hal
T7 promoter oFe|A FEF3k= Aol o8] 443 = AH(Choi et al., 1999).
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o3t TA HA A=, A9 A, AL A7, Fx FHE AL 29 HS H

Biosh §4d ALA Afole] A=A #4e wlasgirh.

2. A5 % UH

MO, USA)ell <]&] Axtgt A& AFS-359 3, Bio ALAY Bradyrhizobium japonicum 2.2
(Choi et al., 1999) ¥ =r°] Environgen 3]A}ol A
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T2 ALA A el 25T9 el 3UzE AEste] Abgatdth. o ZstelA
25C& 49 AyAea ALA 0.0000lmM, 0.0005mM, 0.01mM, 0.05mM, 0.ImM,
0.5mM, 1mM, 5mM, 10mM % 30mM®| theFgh F=&do] 12A12F 3k HAES +
SHTE Aol JERZE, AA, Ao dtolEVE 4] AlHE AAEE 15(S 5T HEAN)7E
¥ 200cre] EEC] sFadvh. F F s 2k #HeEle W 25T, W 15T R
ZAs8tar, 104170 AxAIES frAlete]l duk A s AAlssith AE 109§
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B FaE 25T B 4Y Fob @ H A#RHE REAdE@elWUoAhE
ANAClY &2 AAH60x30cm)oll 2cm FAR A FH o wFsle] v 25T, W 15T,
220 A ASste] 3F 8 T EE 200cr EE

124 65 o]2ste] 3em ZHol2 = s AASAT FF 1344 (159 71)

AR A Q] Tween 20(0.1%)°] £33+ 0mM, 0.05mM, 0.1lmM, 0.5mM, 1mM, 5mM,

Az A ZF 104 3¢
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gus

10mM 2 30mMe] ALAFE&NS LEY 10ml¥ 2F 8Alo 2ZgolzZ Y
AP skl 10417 Fek Aol Tk A 10d Tl AE] AT AR
&

BATE SAAT Ags A A

2t M2l AlZlg =31t
ALA®] A2 A7 gabs dEr e el o7dS ARgsidla, A5 S42 919
Ay LA FeAT. AVLAAAZ Tweeen 20(0.1%)5 &3 0.001mM,

J

0.005mM. 0.1mM, 0.05mM, 0.lmM, 1mM, 5mM % 10mM<e|] ALA F&H4E& FAl,
S
H

#3394 ¥, 15971, 3971 & 597l EET 10ml¥ Axzgolze 7
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o, &= S7Y ALA M2| =2t

92 Jx= FolXE(Setaria  wiridis L)), 733 (Echinochloa  crus-galli L.
var.oryzicola), & 3] (Echinochloa crus-galli L. Beauv.), V| =71 717(Panicum dichotomiflorum
Michx.), vl o|(Digitaria ciliaris Retz.)S AF&3FF il xS Fx= Evk+ (Ixeris
dentata Thunb), =% o] E (Phtheirospermum  japonicum Thunb), = xLv}E](Xanthium
strumarium L.), At713%(Aeschynomene indica L.), 8 o}5(Chenopodium glaucum L.),
E70 & (Mosla punctulata Gmel.), 25 Z(Achyranthes japonica Miq.), & 73 ©|(Plantago
asiatica L.), 1% 3 (Leonurus japonicus Houtt.), F 3 1% (Clinopodium chinense Benth.)<
ARg&atTh 29716 AT A= Tween 20(0.1 E3 ALAE 0mM,

%)=
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AP 109 F AZe AATN Aed F ALE AAFS SRd Ade
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Table 1. Effects of ALA on the plant height (% of untreated) of barley, wheat, and
rice resulting from seed treatment. Parameters were recorded 10 days

after application.

ALA concentration (mM)

Cultivar LSD
0 0.001 0.005 0.01 0.05 0.1 05 1 5 10
(0.05)

Barley
Ganghossalbori 100°  105* 107 108" 106 111° 105" 111° 111 110° 9
Naehanssalbori 100" 98™ 98 100° 98"  97*" 103 100 100° 91° 7

Songhakbori 100° 96 91" 102" 90 97" 99" 97 97" 96" 13
Saessalbori 100° 104> 103" 101" 118" 107 107 107 107 92 12
Dachossalbori 100% 103" 112° 100 104™° 95°  104™° 109 109 100™ 11
Wheat

Geumgangmil 100 105° 96" 88° 104" 105° 99" 101® 101ab 104* 7
Geurumil 100 91% 9% 108" 106 100 96 99 99¢d 1047 8
Urimil 100 101° 76" 95 102 103" 98" 96 96ab 94 22
Olmil 100°  112° 109 117°  110° 109° 108 111° 111la 114° 9
Donghaemil 100 99° 97° 105" 102" 95 95% 92 92c 93¢ 8
Rice

Dongjinbyeo 100 - -9 88 9t 927 88 88 58 20




Table 2. Effects of ALA on the shoot fresh weight (% of untreated) of barley,
wheat, and rice resulting from seed treatment. Parameters were recorded

10 days after application.

ALA concentration (mM)

Cultivar LSD
0 0.001 0.005 001 005 01 05 1 5 10
(0.05)
Barley
Ganghossalbori 100" 91 91 85" 93a  99° 119° 114 87" 40
99°
Naehanssalbori 100" 88" 88" 107" 107ab 87" gqu 99" 120° 92" 26
Songhakbori 100" 115 115" 110 119ab 110 100" 103" 103 129° 36
Saessalbori 100° 122 122 110" 124ab 125° M 123 140 93® 37
98°
Daehossalbori 100°  110° 110° 91° 11la  98° §7°  111° 90" 38
Wheat
Geumgangmil 100" 104 104 53¢ 122* 92" 70 86° 97" 105" 24
Geurumil 100° 105 105™° 133° 119°* 110" qpp5ebc 118™° 114 127%° 31
Urimil 100" 110° 110° 96 101%™ 108" 89" 9 92 g7 19
lloabc
Olmil 100° 104" 104 103°*¢ 117% 84 g5t 82° 114 93 19
Donghaemil 100" 80 80" 114° 105" 99 83°  69°  67° 27
Rice
Dongjinbyeo 1000 - - 69" 76" 85 78 99t 32 12 3

, W1 FE58 o835kl 15%7] W ALA 89S 44
Aeleto] 23S =43 A= Table 30 vhepbt npol 2o

ALAE 0.05mM~1mM®| A== Hgst welo yehdue], SF3re, AJany,
oo Aol =42 FAg o] Hvlaste] 2z 16~25%, 8~21%, 12~18% %

18~31% F7hstlon FEARIAL 43 9T WA Gk MY A SQAAE

.
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Table 3. Effects of ALA on the plant height 9% of untreated) of barley, wheat,
and rice resulting from foliar application at the 1.5-leaf stage. Parameters

were recorded 10 days after application.

ALA concentration (mM)

Cultivar LSD
0 0.05 0.1 0.5 1 5 10 30
(0.05)

Barley
Ganghossalbori 100 110° 110  102*  120°  105° 73 67 30

Naehanssalbori ~ 100° 116"  124°b  125° 117  103° 97 30¢ 8
Songhakbori 100° 108" 113" 121° 111" 108" 89¢ 62° 7
Saessalbori 100 118° 112 117° 114 89°  100°  21° 9
Daehossalbori 100°  104% 118 124 131° 111 76" 10° 11
Wheat

Geumgangmil  100* 95  107°  108°  107°  99*  93° 56° 9
Geurumil 100 103 102 103*  104° 95" 91° 67" 7
Urimil 100° 102 100° 106  114° 85 73¢ 44° 13
Olmil 100° 102 110° 110 105" 97° 85 49° 4
Donghaemil 100° 109" 98 103" 98" 95 91° 75¢ 8
Rice

Dongjinbyeo 100 97 101®  103° 99 87" 75 23¢ 15

HlE ALA 49 A7 239 gAlel m A= dFo] FEvieh thE Agte AlEH
FE EF 10mMZ 30mMe ALA AHZE AEA x2S FaAAHG
30mMeld AEEE A o gedrge] A9 90%e AS A ZHTE 9
W 32 vYErsk A, U A 4789 FFClAE 33~79%° S A &7 Al

Jm
ol
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2
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Table 4. Effects of ALA on the shoot fresh weight (% of untreated) of barley,
wheat, and rice resulting from foliar application at the 1.5-leaf stage.

Parameters were recorded 10 days after application.

ALA concentration (mM)

Cultivar 0 005 01 05 1 5 T
(0.05)
Barley
Ganghossalbori ~ 100% 104 114" 91°  113® 71 57° 23 14
Naehanssalbori ~ 100° 119" 151" 138"  121°  55° 57¢ 11° 21
Songhakbori 1000 102 117" 164* 1218 107" 71° 27" 16
Saessalbori 100 118 119 123* 114" 72 59¢ 8¢ 20
Daehossalbori 100°  122° 128" 138" 130" 68" 50¢ 9¢ 18
Wheat

Geumgangmil 100  91°  121a 98" 110" 68  64'  40° 18

Geurumil 100 100°  96ab 97 91" 7™ 70" 48° 31
Urimil 100° 105" 111b 116" 169" 66 64¢ 17¢ 17
Olmil 100° 95" 176a 106" 126" 95 38°¢ 3¢ 44
Donghaemil 100°  97°  82cd  115°  91* 76’ 57° 38" 12
Rice

Dongjinbyeo 100 107° 124 128 107 81" 66° 39" 19

ALAE 005~1mMe A=% A A AEe AT AR,
Wk e, Fstng, qArz, dagrRgdr Fxo dib ZHZ 13~14%,



19~51%, 17~64%, 14~23% 2 22~38% Z7}stgom Hadzy 12F4US A
o] 37 EFFAAME AFHF AT vn AT Frbekda, #el A=

7~28% Z7}¥ ).

J

ALAE 5mM, 10mM % 30mMe] 1FE=z AT A AFEe AT
Zogre, yagney st Aare], gagreda Fxgd dibste 7tz
29~77%, 45~89%, 29~63%, 28~92% = 32~91%2 A& A TV YERS o
ol B9 BE FFH vl AR AAFS AH A

ALA Az 23 A% =X g3e 2FRG AR AAFAA o =ZA
UElEth vl & ALA A Z37r ®me, 9, 2 we] F3E, AEAE, v, A
W w2y A 3 2945 & AE AFEE Ay

S5, AdE 2 Aol AR S XAt Bl (Tanaka et al, 1992;
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%o,
4/
=
o
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rlo

Hotta et al, 1997 a & b ; Roy & Vivekanandan, 1998)¢} fAlstdich 2 2 &
Aefoll A ol et A FH3 EHES AEAU FFAH S TF A=
Ad 5 A
Ch Mel Al7|Y o

ALA Aol AQgd A7IE r¥atr] 98 dgERee F48S AFgstd
Agstant B A4 ALAY thge &8s T AA Ay, 34F 3Y F
A, 159971, 3971 2 597 T 57HA AS dAERE AY Agsiden, W A
2 JAA Ae, 15971, 3 At e 1 At Table 5904 HiE npe)
Fa=

1597191 001~1mMe AFE=2 ALAS A3 v =S 16~25%
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Table 5. Effects of ALA application timing on the plant height (% of untreated) of

barley and wheat. Parameters were recorded 10 days after application.

ALA concentration (mM)

Application
Cultivar
timing 0 0.01 0.005 001 005 01 05 1 5 10
Seed 100" 98°° 98 100* 98 97 103" 100° 97" 91°
3 DAS 100 - - - 1000 92° 99*  97° . -
Barley
1.5-leaf  100° - - - 116" 124 125° 117 103° 97°
(Naehanssalbori)
3-leaf 100" - - - 107" 102° 104* 98" 84" 72°
5-leaf 100° - - - 103% 102° 99° 98 - -
Seed 100" 105a 96b  88c 104® 105* 99°° 101°° 103*° 104°
Wheat . . . .
1.5-leaf 100 - - - 103" 107° 108* 107* 99*° 93
(Geumgangmil) X b b b b
3-leaf 100° - - - 96" 94® 93" 83" 82" g6°

a) DAS, days after seeding

Table 6. Effects of ALA application timing on the shoot fresh weight (% of
untreated) of barley and wheat. Parameters were recorded 10 days after

application.

Application ALA concentration (mM)
Cultivar

timing 0 0001 0005 0.01 005 01 05 1 5 10

Seed 100%™ 88" 103%™ 107 107" 87° 99*° 199%™ 120° 92°

Bal 3 DAS 100 - - - 88" 92b g2t gp" -
arie
N hy Ibor) 15-leaf  100° - - - 119 151° 138%° 1210 55¢ 57
aehanssalbori
3-leaf 100° - - - 101* 107° 109° 98" 78" 49"
5-leaf 100° - - - 108% 106* 110° 111° - .
Wheat Seed 100%™ 104° 72° 53¢ 122% 92 70 86" 97" 105°
ea
(G 0 15-leaf 100> - - - 91° 1210 98 110" 68¢ 64
eumgangmi
umeans 3deaf 1000 - - - 98 109° 99° 90° 78"  45¢

a) DAS, days after seeding



T, 4 1597 W AdAANAME 24 BAFY 3 Z2%E JERAL
TA Aget 3971 W Ages A X 237 gldvh webd mejer de] A%
X 2= A A7IS weol we 24 #eES & AT
2t &x SFY ALA M2| &3

ALA7E vig- &5 Y SJAYA A w2 TR0l AEE W Alx
ddE 7FtH(Tanaca et al, 1992). #x FTHE ALAS EHE ol 7] 9]3}<]

ES
F=9 ALA 843 4ol A8 el th(Table 73 Photo 1).

Table 7. Effect of ALA on GRsy of monocotyledons and dicotyledons weeds
resulting from foliar application at the 2-leaf stage. Parameter was
recorded 10 days after application. GRsp values were the ALA
concentrations that reduce shoot fresh weight by 50%.

Weeds Equation R’ G
(mM)

Monocotyledons Setaria viridis L. 99.4/{1+(X/1.68)1.003}  0.95 1.6
weeds Echinochloa crus-galli (L.) var. oryzicola 109.5/{1+(X/4.3)5.46} 0.92 44
Echinochloa crus-galli (L.) Beauv. 101.6/{1+(X/1.74)1.92}  0.96 1.7

Panicum dichotomiflorum Michx. 100.7/{1+(X/4.01)1.22}  0.96 4

Digitaria ciliaris (Retz.) 97.7/{1+(X/2.82)5.88} 0.99 28

Ixeris dentata (Thunb.) 106/ {1+(X/3.8)4.99} 0.98 39

Phtheirospermum japonicum (Thunb.) 105.7/{1+(X/4.04)1.85) 098 43

Xanthium strumarium L. 97.4/{1+(X/9.25)2.25} 0.99 8.9

Aeschynomene indica L. 98.7/{1+(X/11.87)1.75} 092 117

_ Chenopodium glaucum L. 135/{1+4(X/6.02)3.03} 0.87 7.1

Dicotyledons weeds

Mosla punctulata (Gmel.) 114.7/{1+(X/9.5)4.1} 095 101

Achyranthes japonica (Miq.) 95.7/{1+(X/12.6)0.9} 091 113

Plantago asiatica L. 109.3/{1+(X/16.6)2.5} 093 177

Leonurus japonicus Houtt. 90.1/{1+(X/17.96)3.96}  0.92 16.9

Clinopodium chinense (Benth.) 108/{1+(X/12.8)2.7} 095 134




Photo 1. Effect of ALA on monocotyledons weed, Digitaria ciliaris (Retz.)(A) and
dicotyledons weed, Chenopodium glaucum L.(B) resulting from foliar

application at the 2-leaf stage.
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zkol= 1Sl th(Table 8% Table 9).

Table 8. Effects of bio (B)- and synthetic (S)-ALA on plant height (% of untreated)

of barley, wheat, rice and weeds, Ixeris dentata. Barley, wheat, and rice at
three leaf stages and weed, Ixeris dentata at two leaf stages, were applied

bio- and synthetic ALA. Parameters were recorded 10 days after

application.
ALA concentration (mM)
Cultivar ALA LSD
0 005 01 05 1 50100030
Barley S 100 107 102 104 98 84 72 53
(Naehanssalbori) B 100 109 104 100 98 93 87 50  °
Wheat S 100 9 94 93 8 8 66 42
(Geumgangmil) B 100 102 99 98 94 89 8 51
Rice S 100 91 88 83 8 79 75 51
(Dongjinbyeo) B 100 93 95 98 92 8 78 60 °
Weed S
(Ixeris dentata) B ) ] ) ] ] ) ] )

Table 9. Effects of bio (B)- and synthetic (S)-ALA on shoot fresh weight (% of

untreated) barley, wheat, rice and weeds, Ixeris dentata. Barley, wheat, and
rice at three leaf stages and weed, Ixeris dentata at two leaf stages, were

applied bio- and synthetic ALA. Parameters were recorded 10 days after

application.
ALA concentration (mM)
Cultivar ALA LSD
0 005 01 05 1 5000 %0 N
Barley S 100 101 107 109 98 78 49 18
(Naehanssalbori) B 100 107 106 85 8 8 74 23 °
Wheat S 100 98 109 99 90 78 55 17
(Geumgangmil) B 100 94 93 98 81 84 66 23
Rice S 100 114 8 101 84 64 44 13
(Dongjinbyeo) B 100 102 100 97 87 53 40 29 °
Weed s 10 - 97 106 8 30 12 0
(Ixeris dentata) B 100 - 93 8 8 38 15 o ™
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A24d Halel o &3 5-Aminolevulinic Acid®] A F=3

3ol zge 7%

1. Me

5-Aminolevulinic acid(ALA)&= ®2 5709 ofmjisto @ QI7bs ¥ 3a AEA
o] chlorophyll % heme® & tetraphyrrole A3t 4o HF4<0 AT Aotk
(Avissar?} Moberg 1995; Beale 1990; Granick®} Sassa 1971). ©]2] gt ALA+= <A

Fagh AR AxA, AFA, DA AEFoF 2 AR AF 34, FA
Al oF AsA =M #HAS Fi Urh(Rebeiz T 1988).

ALAE B47 oz AEF e 50nmol - gFW' o]ate] mj¢ e f=izo] 5o
A TH(Chereskin®} Castelfranco 1982; Weinstein® Beale 1985). ALAE A4 o=
Aser A 45, F, ddF, 29, 24, vhs, W, S5 22 F= SolA
FAYFTETG 10~60% %ol FIHAtH(Hotta & 1997b). olHFdF F3 Fh=
chlorophyll ¢ 57, 334 &4 Sl 2 35 28 AAE & 7IdH= Ao
W E A h(Hotta 5 1997a). & ALAE AAZol9ex v fEO W4 (Hotta
S 1998)7 H3le] dA S TuiAYE Ao R HaE i 9th(Watanabe 5 2000).

gy A w2 TR ALAS A EAC ALE i Az &dt
et (Rebeiz 5 1984). =, ALAE A3k 2 &A= protoporphyrin(Proto IX),
Mg-protoporphyrin(Mg-Proto IX) % protochlorophyllide(PChlide) #& % 7}A
chlorophyll /g3 e F3tedo] HAddHow w4 52 5o lth(Castelfranco &

1974; Matsumoto 5 1994; Sundquvist 1969). |27 #% =A% tetrapyrrole

FgEe AV dxRAd F F #E AEkd Fakst @y os ki)
Hkg-ale] A3 A ('0y7t B HTH(Rebeiz & 1984). ©] U5 AEe Aae

o
)
e
e
5
L

st A At d AdnkSel olal A= AlEEel EA 6=

brrom FA4E AAES AstAA A= AEZTE st Ao AEs S
7=t (Chakraborty 4 Tripathy 1992). ALA®  ¢Fs 572  protoporphyrinogen
oxidase(Protox) A3l & A Z=A< oxyfluorfen®  fFAFsHAl LERETE o] 5 A ZzA <]

2
=
L
~



2+& 714 Proto X 43 o] lvhal KX A TH(Becerril®t  Duke 1989,
Duke & 1991; Jacobs & 1996; Lee 5 1992). Proto IX %> Protox #l3ljol] <3|
Z1elda & QAD}(Matringe S 1989; Witkowski & 1989). 1#{1} ALAE
Az Aol Aegh F9 AGA AxAEo] TAS=A ] e A= o] FojAA fa
Atk wepA 2 Ao B4 Wy BHeE g e® ALA A ols AE A%
ZAbetelal, ALA AHelAl dUebd Al 287199 porphyrin
Are]l FAle] Aok S A= A

o

g

% AgE W

2. A7 2 O

7 AEME
HE(Kuk 5 2003)°] A&7 Hejel & 742 57) &5 FolA ALA As=9 iF

2% 200em” EEO| sEato] 23/15C(F/0He EF13} 14470 dgzHo =
249 AN ASAZAT olu) AAre] Feke 250umol m? s”o] 9T}

N

Lt ALA XNzlol ofst 2ot Helo MEurS
A BEE gEe & 139A(15%9)0 AHEdAQ] Tween-20(0.1%)°] *E3+¥ 0,

0.05, 0.1, 0.5, 5, 10, 30mM¢] ALA &N W3 Hel Fgel F&3] 25 LE

9 10ml% Atk HE T 108 59 G £ F 14A7F dFxoR

T RAEAA AGE BATE =

Aol o A Fres AT

M

Ch A" ALA 58
wejeh W #Fska 5 10, 15 20 B 25U Al ZHzbe] A19E F&ate] 4mm 2
712 AWE ¥HEI, 40mM levulinic acidE #-f¢ 20mM phosphate buffer(pH 6.9)



5ml7} £+ petri disholl 39| 0.15gS ¥o] 23T AAdol 6A17F F2E(250

umol m? s™)oll A wjgalgiet. o] & A wjgd A EAZ 20mM phosphate buffer(pH

6.9) Imlell o] wha|atar 10,000g= 103+ 4w sttt iy & A2 A

A 0.5mlol ethyl acetoacetateE 0.1ml Fo] 95T <] water batholl A 107t vl &3}

ok ol A wigs NS 103F iceflolAl 2% § Ehrlichs Al ¢F(Lermontova$}

6éml Ho] gk & spectrophotometers ©]-83}9] 553nmoll Al &
ALA

ol ofs dolxl HAs 7ol o Ak

gt Mzd da=2e +&

el Y =AM AFA 15971 23 HelE st 197 de=
cork borerg ©o]&3te] PHHM@Amm AA)S REIL Z 015g8 S 5mlo] 1%
sucrose/1mM 2-(N-morpholino) ethanesulfonic acid buffer(pH 6.5)7} @744 <+
petri dish(6em 2 74)el &3 § ALAS HF5%7F 5mME =5 aith. ALAS A g
& 9duS 23T LA 1243 g oh 250umol m? s Fol 4, 8,
12, 2473t ZAbste] 7] E A (Cole-Parmer  Instrument Co., Vernon Hills, IL,
A

[e)
ro

USA)E ol §3te] A8 5 Jug Z4sd Ad8Ad ¥5 A=
978 24skel AFAN T e WFo] AAl ALA A e
2 EASY

rr

rr

oh, 4542 niy

ALAS A3k 1.597] ®elel Do A ARl Tween-20(0.1%)°] *E3+¥ 5mM
ALAZ Agsta 1247 5ot ks F 250umol m™ s'¢] Bl 4, 8, 12, 2443}
5g# AF3ste] Hiscox®t Israelstam(1979)°] WS AF-&-3)o]

Zol zAE A1dS 0.
AT,

95 FFS 243

Ads G454 FF S A8l kv A E3EEAE-2 thiobarbituric



acid(TBA) "% (Slater 1984)= ©]-&3t%] malondialdehyde(MDA)®] A &S 433
o}

Al Porphyrins & 44

1590 #7le Hejel ol ALAE Agstar 1o Axl dalede] v Ald
I FAsHA A E el A 12A17F wi g & W B 19S 44 O.3g A F &
1mL<] methanol : acetone : 0.IN NaOH (9 : 10 : 1, v/v)& F&3 F 10,000g°] A
1083 dAEeste] dAds st 1 4IRS UdE FE(0.2um pore size)=

2 3 AEA7EA 70T e WEad ®Bas] Tk ALAC 9s =% %= Proto
£

X, Mg-Proto X % PChlide®] % HPLCE ©]

)

T4 %27 52 Lermontova®t Grimm(2000)2] ol F3to 33} h

3. 2% ¥ 1%

7h ALA X2loll o|gt Helet 2o M Hhg & ALA X2 Hlu

it

wo el 95 159717H4 AFAIA ALAE AP & 54 A5 BAFTS =

>
ol
)
i
aQ
=
>
-
>
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2
f
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4% S7taFdth

oA Wrt= WEdA ALA A &E37F Foked, ALA AE Zde e
B0l & TR AFEAER tE wES Htil sHth(Hotta 5
1997b; Kuk 5 2003). ALA A¥%= A<t &g 1¥5%El 5 10 ¥ 30mM= A 2| A
nejel e AAFES ZH7F 23-92%9F 34-83% AAHUIL o5 F FH KA
A= & Aol7b §lArth ALA AHzlel ot ofs] F442 diphenyl ether|<l
oxyfluorfen3} AFskAl A 2] & Z7]dl &3}@dS Holvrl A= AMSEAH
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Fig. 1. Effects of ALA on the shoot fresh weight of barley and wheat resulting
from foliar application at the 1.5-leaf stage. Shoot fresh weight was measured 5

days after application.

ALA Al o3 mejep de] 27] A5F3 ek A=<l ALA ool o
AL Dolry] fste] v F 5d HF02 259714 ALA FHS AL U (Fig
2). ALAT2 ®yjoh ¥ 25 3k § 5944 wotoy sF ¥ 10, 15 20 3 25¢

N

2 A7ro]l AystysE ALAHS ZoE50u 18y ALAHS Her 2R g3 &
5,10, 15, 20 2 250 z}7F 1.6, 45, 42, 158 L 644] 2t 2 AFo A w9}

15

o

o] ALA A Al7]& 159712 olul= 3% & oF 154 Ao s}, 3%
Ao ALA Y Bogle 2|7 Drch 428 ok walbs ALAX o] 93 1
al

g7 ARt 27 Akl Fokd A ®HE AAVE ALATS Bel Ffata oY
wog AZEY. ®=gk ALA Aol od A=A 9 chlorophyll 3% <7 234



g4 S @ TF F8o] JA(Hotta 5 1997a)5 o] Hu]7} WrT} 27| &o] Ek
=
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Fig 2. ALA-synthesizing capacity in leaves of barley and wheat.

Lt ALA Xzlol olst Eelet 2ol Mz|X dtg

wHloh B Aol A 1247 B9k ALASE A wiekstar gol 4, 8, 12, 2443
=EPs W AEARREH HaAd FEo] wEA FFeAvhFig. 3A). W3 HE] e
A d FEL lag time §10] Fol =F F RAAA F43] F7redh 22 A
ek oA A B zte] Aozt gAY MY da A FEel= zkel7t glATh

12713 F g efell Al Fehs Fgtell= dald 752 AT (AR vIAA). ol2d 2
=
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Fig 3. Electrolyte leakage (A), chlorophyll content (B), and lipid peroxidation (C)
from ALA-treated barley and wheat. Plants were applied in 5 mM ALA and kept

in darkness for 12 hrs. Thereafter, the seedlings were exposed to light.



Aele] Bejoh "ol Ms A5 oF Aarh holr] wiiel ALA A2lel o) 2
FIFE AF2 g o TdE= Aom AZE A
g3, ALAS] Aol ofsto] yEhy=

ol el A¥tm & uwlj, ALAS ¥ = A= weet Do AFAMNE 7hAgka, o
g3 AgA s delEde &, 954 FF A4 5 AdAsts Fbel Tkl =
Rnow F5 4 9o ey diphenyl etherZ 9l oxyfluorfeno] sl -2 Hzlx
o FdHoz yAdoR A JtHChoi & 1999). o] AtollA Hol me|rt} Aty
< Aalld &= A4, 45L TFF gL, AdAs SUHE
%sto] Proto X9 2o A%l Protox &4 Aaie AAvka skivh. 28 & <
T4 ALA H2lel o3k wejeh W2 AdAel7 fIdd Aew Hol ALA A2]%t

oxyfluorfen= 2loll &3 A 22§ 7|7 FLsA S Aoz AARFHUAT

ct. Porphyrinoll 2tst ALA &1}

ALA A Z& I}t porphyrin $3HA18] S4 Aroke] AHAS dolr7] 9]8t
ALA A2 ¥ 12A1%F b3kl porphyrin 54 &8 ZAFSH thH(Table 1). .2 ¢ 2
of ALA Agds W 714 @o] PChilideo] A= Uct E3F PChilide 42 A&
FEf) A E Proto X3 Mg-Proto X 2t} 4] #) @ttt 8|5 PChilide’t A& =
© FAY dEHAA M Bel SAAAT = b Eel A 12413 wiF $ PChilide
o FAEL HelolA 2549, 2eja "olA 318023, Mg-PChilide®] 2 &2 K
o} oA Zh7h 14vfef 21w 2 AU 18y Proto X ¥4 A H4F
S Mg Aoy ALA Aol o8| 7|Qlet FA e HeloAE 23w, 1E]al Hd
18 B2vh BEjeh 22 F AA7F 27 "o FAHE A s
Ao dgron} Ago] 71913 porphyrin 54 &S Helel Wik 2 2pol7h ¢l

>
N
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juv)
==
I
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Table 1. Accumulation of porphyrins in 5mM ALA-treated barley and wheat.

Plants were kept in darkness for 12 hrs after ALA treatment.

. Barley Wheat
Porphyrins ) .
Control ALA Ratio Control ALA Ratio
- content (nmol - g FW™) -
PChlide 11.8 29.5 25 30.4 94.3 3.1
Mg-Protox IX 0.69 1.00 14 7.7 16.9 2.1
Proto IX 0.45 10.4 23.1 1.9 49.9 26.0

% Ratio of each porphyrin content in ALA-treated plants to that in control.

ALAE A#ate] 12417 b dstar 4413 Foll =3 o porphyrin 54 &
ZAbeFItH(Table 2). 3 =% 5 porphyrine 2 Aejel wmgel WelrxE =27
ZaskA gokrh. a2y ALAS AEld melsl DM 2% PChilide®t Proto
X7} AA 7435931, Mg-PChilide= #4319 21} PChilide¢}t Proto XH.UH= 27
sttt FeE F 4A A PChilide®] 4 &2 HElolA 1) 1E]a "ol 1.2
W E ®3al, Mg-PChilide®] 2= ®eel Wolx bzt 15819 1eviel ek 12
L Proto X HEfol A 12417 s gk ARt A ov ALA Aol os] 7]

Table 2. Accumulation of porphyrins in 5mM ALA-treated barley and wheat.
Plants were kept in darkness for 12 hrs after ALA treatment and then

exposed for 4 hrs to light.

) Barley Wheat
Porphyrins ) -
Control ALA Ratio Control ALA Ratio
- content (nmol - g FW™) -
PChlide 9.7 10.1 1.0 291 35.2 1.2
Mg-Protox IX 0.41 0.62 1.5 6.5 10.3 1.6
Proto IX 0.50 3.3 6.6 22 16.9 7.6

% Ratio of each porphyrin content in ALA-treated plants to that in control.



§ FwE: T AN A8 Bl e.ev] 1E]a oA 76w E R

ALA Aol o3k Ax2E 7] well A5 Itk Rebeiz & (1984)2 Hx=
ALAZ AzAzZ ZA4gol &S HusArth 25 ALAS AP AEAE
PChilide, Proto IX % Mg-PChilide®} #-2 porphyrin Z3tEZd o] H|Hgo g2 =7
4 ¥tha e}tk (Rebeiz & 1984; Rebeiz & 1988). Chakrabothy®} Tripathy(1992)
g Abae] AAAE FA 1 (photosystem IM)ell <& 713 Ff=5EH =

B3 3tk e 152 54 PChilide®] 3934l =&o <3|

A AT T Ade wE ditsket gEE 5 dvkar Aljbskdvh 1ElA
o AFA e Best Bs gt eR ste] ALAE AEg & yEhveE AxAE%
porphyrin THEHE3 B A=AE A=, HEH
g ALA A z48ol 7 @ o] 9= porphyrin A4 A=

of FEHolgtn AES ¥ & Atk Mayasich 5(1990)= ALAE A g 2o
Ao A] e el PChilideo] 16417 ¢huleF H¢F ZH ¥ty W uatgdch 12

S Ao E= 5mM ALA g Fo] Proto X¢ #4& vt skdd. ey
Bl 92 Proto IXo] A FAHAIL, o]Fle] ALA Aol og Az=#83 v
2 F A& Aotk

Oxyfluorfen, oxadiazon®} #-& Protox A3 AxA= o5 A=A AHed 2
EAoA ®e d9 Proto KXol FHHET &#lA dth(Becerril®t  Duke 1989,
Duke 5 1991; Jacobs ‘s 1996, Lee & 1992). ©] A& Proto IX©o] 3 stA <l A x4
o] g Fad TS ot tetrapyrrolec] 2t A& ow| gt o] Y g Proto X
=42 Protox Al 9l 7]

Protox A& AlzAe]l 28722 M) o] Q1= Protoxe] A= <l
o] @49 7]4<l Protogen IXo| M| npgo g o]y I AP Aute] EAst= A=
Aol WA D Protox AR A &A4el ola] Proto XOo® Abstew Fxdste] A €
FAdo] Z4¥ Proto XEZFEH 453 A7t @ Eo] Ayddvo] iy 3o
2 48 3th(Leest Duke 1994). ALA7F 54U heme AL dAFAolnz
B Aol H2l Proto X9 522 Protox Aalel o3 7]1¥A] &3 Zolth. 1
v AZAe] 2 ¥ Proto X&FE ALAE Aggh welel Dol Fr7hetaitt. oS0l



o213t A|EAQ Proto X2 PChilide®.t} 2 &S mAS=d A ¢ toxic® Aot
(Lee 51993). 3 o5 A& Rel9 HelA F4% Proto X©] ALA®| A x84}

F2 pasel 9a% AAsE Aotk

4. A7 8 9
5-Aminolevulnic acid(ALA)*= porphyrin 34 FHEd EE AxAZ IHA
9t} ® o)A ALAC] 93 A= A=A AzHE J|FE LHEs) 95
of B9 W& 1597174 AEAA AFE(0.05 01 2L 05 mM)9 LEEEG, 10 2
30 mM)°] ALAE Aol At Ase] ALA A o3 mejel "o A
A AT A7 12~26%9F 3~9% S7FSESTh W] i ® ALA Hele] o g

wael deo] AAFS 77 23~92%9F 34~83% AU HF F
22594 wWelo ALA s 4Rt 48 gtk webA ALA As= Aol

-

8

o welel 445N EvE ALA FASAA Q8D 25

i, ol5 A=AzHH A& dfd &, 9542 FF A4 2 ALHS
b7 S E AT ALA Aol olgh weje] AlxzhE 23 FASEA T Porphyrin
AR el F3&E 4 protochlorophyllide, Mg-protoporphyrin X % protoporphyrin

X)o] 5mM ALA Aol & XF FAFA2 |5 Proto X 4 &

ottt o2 porphyrin®] F31HE
AAY Wst7E Ak webA wejel Do g

A
of s Ag s saEta & & ek



1.4 <

5-Aminolevulinic acid(ALA)+= chlorophyll ¥ heme$ *¥%3}+= &+ porphyrin 3}
e HFAHQ WA ol th(Avissaret Moberg 1995; Beale 1990; Granick$} Sassa
1971). el <144 ALAC 81 51 A& aarh Aee A deds 2d3dvs
BaEa slvh =, ALAS S84 Askz A 4, 7, 23, v, 4,
nhE, B, S5 22 AE SOl FAGTEY 10~60% Aol E31H AtH(Hotta

S 1997b). o8 % &= chlorophyll 3% T7F 434 24 S0 2 5§ &

€ gAE T3 7IEE sew Ruddti(Hotta 5 1997a). 3 ALAE AEFX

ol9lo k= ¥ FH o UldA(Hotta 5 1998)7 H3slo] WAAS FTolr7]e 3oz 1
31531 9l thH(Watanabe 5 2000).

gy vaA e FEGEmM)E ALAES A EAC A Afole Alx &yt
UEldth(Rebeiz & 1984). “LEiA ALAE A ZE v54 A4 EAEA 2HEAstl
FGA AHEE S hAA lvkal AEe A tH(Wang & 2008). ALAE A 2 ¥
2l &A= protoporphyrin(Proto  IX), Mg-protoporphyrin(Mg-Proto  IX) %
protochlorophyllide(PChlide) #< % 7F4 chlorophyll /434 e] F3hEdol
HAGA o2 =4 FAHHo Zth(Castelfranco 5 1974; Matsumoto 5 1994
Sundquvist 1969). ¢]=€ A #<d FAE tetrapyrrole 33ES AA7|7F Gz F
Fo4s zAEkd BAsk EZdbe] o8] Abkel wkgslel AT ata('0y)7t
3

B ArhRebeiz 5 1984). o AFF Feje] NaE FHF ASAZA AfeiD



=R FAE At 2
T s xzstel Al ALA Aol o3 AEol e AFEZNI A xF el w3
AT obHAA BaudA @i vk wmEkd B dae 2% 3 3 R AdE
2k ol ALAS Aol &3 A3 Azgirt ogA ®stseAE
otr 17t =83k Tt.

W wEER ALSE PPl AzEIt ggol

rr

50

2. A5 % UH

b AEME

B (Kuk ‘5 2003)° AR&3 ®el 570 FF FollAl ALA Aol sl 7Hd 4%
FRgN7t Felg AREYE B Aol AMgsidt FE 2ALE R 40
HrEdA S 297t ¥ FEE SANEETS 2 A AEsanh o=
T4 oSN EBo HE)F FXE 200em” EEO] mpFdle] 23/15C(F/0F e =

LA 14478 dFxRow 2dE 2AdA ASAZY B3 g =
stoll Al ALA Aol 9|3 Axqas dobrr] flto] shida g vof Fdzx

A ANEL gt

Lt Cheksh st =St A ALA X2lofl ot H2|of fof MZEEE
ko] Aol ALA Azlel ofg mele] R A 1557 HEA M
F st a2 s 953 F 15971 FF F 1BY)7HA ASAA G
Fet A FAG A ALAS Aelsta wEe AFwES et $Ex Fol

XE 9 10ml¥ AH#stdo. Ag +
20Tl 44]7F 52k ALA S5 98 bl +uth 1 $ 10T, 20C % 30TC® =
g A F & 10940 24 AGE BAFTS AT ol F S 200
umol m? s"o] Yt} FFAHE ¢ LA A} FAdeA FPergort, FFe

20, 200 2 400umol m? s FF o= 3P} ol MAAFe] Lmi= 20T oY) S

ol



+ X% %] 2 (control),

Aol #3k AP 9o 2wt FFAFI FU3
E 32 (100%) 9 FEA (e AEA7E 50% FF)E Aedt o wl A
= 20CE 391, LS 200umol m? st o]l thgd B AZAF A ALA
Aelel ofF ¥ AT whgol #@ UPE wel APY FUSA FAFAoU @,
= 347174 /A A AbEeth 2AEE S 2, AR 9 A AAFS
ZAFEI T o8 Age sutR o FAS AgS 23] o]af AA AT
A=ASIoAM ALA X2loll oSt et XA E ww Fof
st Ay oot

ch. cheret &

toll Al ALA A 2ol egh we] A

e td AdzAs 4
ANES 15Q7174A ASAA ex, % R SRS g AAE
HAAEE dolrgtth. ALA H2l= 1, 3,5, 10 ¥ 30mM= A3t o2 249
AHEL 9o P 5 PHow AT
3 @34_ 2 7z
&7 gt

7t chebst A xA

ALAS Askz zzd AL 45 4% el
1997b). 2] B AT olA = ALA Aol o3k ®eje] Aol 20% A=
AzANN A&HE=A oRE Il

(Hotta &
S ghelaksiuy,

= %7}%5 =
Ath(Figs. 1, 2, 3). %

2o 23}
Aol o He] 232 dx ﬂa?(comrol)cﬂ 20Tl 4 05mM ALA #&]7b -3
= ¥ Brel ALA 5% AgoME

o,
|

A=
.

2 (0mM)ol Bl 241 AFo] 7k 14 = 3
stell A1 ALAS o= AH#%

o] 4l o]zt glAh(Fig. 1). B8, 10T 30C Z7 3}
AAT. S=zAG A ALA A2l 93 welo A

off = fFolHQl zolE & &
Az 20C ZdstallAE FAel #l&) 0.05 0.1, 0.5 mM
22 gle] HE ALA o]- X E XA

Z7 stk 28y 10T Z71 38kl A

Aol A oF 20% o4+



o)Al AolE & 4 gldth 30T oAM= FA el Hls @A 0.05mM ALA A
oA gH7F AAHAS W 1 ¥re] FEeAAE a7t gtk wEkbA BE AS
of Age 20T ZstellARE 243 A ATl ALA E37F JAAHAS @
B S Jertg BAY 28 exxsleMe ALA 232 2 5 gl 29
AL ALA F3he= 24l vls) A AASTAA o 2A dvErsith

Fxstol A ALA A o3 ®wale] =4S 203 200umol m?> st F7ia}el] A
FAgel mls) ALA A EA7F AAHA F%ort 400umol m? s 7R A
0.5mM ALA A 2lolA 10% A= Z&ol S7Fstdtt (Fig. 2). F&xstelA ALA
Aol o A AN WA FS 200umol m” s ZAsANA FA ol vl 0.05mM o]
& Aol 20% A= F7kete] ALA &37F A A 22k A gl 20umol
m? st 204 ALA Aol o3 ALA &3 QA A geh w3 mdxgl

2,

400umol m? st ZZslo A= FA 2ol HlE] ALA 0.5mM A ol At AR QA%
o] Tkttt &% 21 Aot FASHA FEF AFdAE AE A &
23 F, AdEd 230 ALAA o] e wmule] AFEHZ a¥= AT
Z3stell Al ALAAM 2ol ok ®ee] =443 A5 AT Wste Fig 33 #
drth #APA o2 A BEFFE stellA = 013 0.5mM ALA Al thAi
o] S oy, xstxdoly AFxdolAE ALA A2l Z37F 18 E A &%
oo 3 BPHor Auid RESFE A8l ALA Aol o3 AR AT
0.05mM ©]/e] ALA A2 FxolA &7t dAGEAnt. E3hde] st A = &A
0.1mM ALA A lAxt ALA E37F A=A, AF2astd = ALA g 523
7 AAHA k) AEHo g thdd G xAS A ALA Ao oF wale] A
2 Z3E vy Aso] A3 S zdAME ALA 237 il ed 23}
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Fig. 1. Comparison in phytotoxic effects of Bio- and Synthetic-ALA on shoot and

root length of alfalfa 6 days after seeding on filter paper wetted with different

ALA concentrations.



Fig. 2. Comparison in phytotoxic effects of Bio- and Synthetic-ALA on shoot and
root length of barnyard grass 6 days after seeding on filter paper wetted with

different ALA concentrations.



Fig. 3. Comparison in phytotoxic effects of Bio- and Synthetic-ALA on shoot and
root length of Chinese cabbage 6 days after seeding on filter paper wetted with

different ALA concentrations.



Fig. 4. Comparison in phytotoxic effects of Bio- and Synthetic-ALA on shoot and
root length of rice 6 days after seeding on filter paper wetted with different ALA

concentrations.
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Fig. 5. Comparison in photodynamic effects of Bio- and Synthetic-ALA on

chlorophyll a content of Chinese cabbage 6 days after seeding on filter

paper wetted with different ALA concentrations.
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Fig. 6. Change in herbicidal activities of Bio- and Synthetic-ALA on root length of
alfalfa as affected by storage time. Bioassay was conducted every 6 days after

seeding on filter paper treated with different ALA concentrations.
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Fig. 7. Effects of pre-seed treatment by soaking in ALA solution for 8 hours on
plant height and root length of rice, barnyard grass, alfalfa, and Chinese cabbage 6

days after seeding on filter paper wetted with distilled water.
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rice, barnyard grass, alfalfa, and Chinese cabbage 6 days after placing on filter

paper wetted with different ALA concentrations.
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Fig. 9. Effects of root soaking application of ALA on shoot fresh weight of rice
and barnyard grass under different light conditions. DL: Dark period for
16 hrs followed by light exposure, L: continous light exposure, and D:

Continuous darkness, after soaking application.
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Fig. 10. Effect of post-emergence application of ALA on shoot and root lengths of
rice, barnyard grass, alfalfa, and Chinese cabbage 6 days after application. The

plants were grown in horticultural pots filled with silt-loam soil under greenhouse.
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Fig. 12. Effect of combined application of 5-aminolevulinic acid and 2, 2'-dipyridyl
on fresh shoot weight of rice, barnyard grass, alfalfa, and Chinese cabbage 6 days
after application. The plants were grown in horticultural pots filled with silt-loam

soil under greenhouse.
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barnyard grass as affected by different leaf stages.
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Fig. 14. Effects of Bio- and Synthetic-ALA on shoot length and fresh weight of

Chinese cabbage as affected by different leaf stages.
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Fig. 15. Effects of ALA-foliar application of two types on plant height of soybean,

corn, barnyard grass and eclipta as affected by different ALA concentrations.
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Fig. 16. Effects of ALA-foliar application of two types on fresh and dry weight of

barnyard grass as affected by different ALA concentrations.
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Table 1. Contents of tetrapyrroles, as intermediates of chlorophyll biosynthesis, in

barnyardgrass, corn, and soybean 16 hours after foliar application at 8

mM ALA.
Plant ALA Tetrapyrrole content, nmol g” fresh wt.
Conc. Proto IX  Proto IX-ME  Pchlide Total
Barmvarderass 0y 0337#0065  0313:0.042 085940314  3.368+0.964
yards (100) (100) (100) (100)
gy 23855622 0437:0.041  10.95:1.28  249.9+465
m (70,772) (140) (1,275) (7,420)
Comn 0y 09030448 0.520£0.061  0.480£0.091  1.903+0.165
(100) (100) (100) (100)
gy 13790237 0552£0.021  0.929+0.017  2.860:0.760
(153) (106) (194) (150)
Sovbean 0y 03700115 0930£0.026 150940416  2.8090.816
Y (100) (100) (100) (100)
gy 25780704 0954+0.065  4.393%0.065 7.925+1.134
(697) (103) (291) (282)
Values are mean*SE of three replications.
4) AARAANEE oA 7
Auf F 109, 20, 309% o BIO % ¥4 ALA7F 2 2 4 mM F== ZAE
& Aol surfavtant 0.1% 5 F7Fste] FHAESI HE gk & 16A17F 5 /el A
A4 F FeEs Az Ay g9 AAT Sl dojA 1048 E =7t TS
= FoH #Aar AU 208 Ee} 304 E 2mM FEA A 23 EXEH
i 4AmMelA = T AEE RS Hol Uik AlxAAE ALAE AA 9E 7]

oz 23971 Aesh= Aol A A7l AARE AT (2H 17).
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Fig. 17. Effects of ALA-foliar application on fresh weight of barnyard grass as

affected by different growth stages.
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Combination of 3—aminolevulinic acid (AL) and paraquat (PA)

Chlorophyll a content, mg g
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Fig. 21. Effects of combined ALA-foliar application of ALA and paraquat on
chlorophyll a content of Chinese cabbage and barnyard grass as affected by

different ALA concentrations.

- 109 —



w
(<]

mmm Chinese cabbage
- 30 - C— Barnyard grass |
IS
)
o 24 -
o
E 13- a
5 1.8
2
= 121 -
0
o
L. 0.6 | -
. b LR Y
ZoNMYeLyReEREeDLOono®
83333322222 2ZZ2233
N [ | | |
QACACCCAC K
Combined effect of d-aminolevulinic acid (AL) and nicosulfuron (NI)

Fig. 22. Effects of combined ALA-foliar application of ALA and nicosulfuron on
fresh weight of Chinese cabbage and barnyard grass as affected by

different ALA concentrations.
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Combined effect of d-aminolevulinic acid (AL) and nicosulfuron (NI)

Fig. 23. Effects of combined ALA-foliar application of ALA and nicosulfuron on
dry weight of Chinese cabbage and barnyard grass as affected by different ALA

concentrations.
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Combined effect of d-aminolevulinic acid (AL) and nicosulfuron (NI)

Fig. 24. Effects of combined ALA-foliar application of ALA and nicosulfuron on
chlorophyll a content of Chinese cabbage and barnyard grass as affected by

different ALA concentrations.
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1. A4
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bacteriochlorophyll % vitamin By fAb=4d 2 22 tetrapyrrole B34 Ao F3b
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el eAAES WS AR B ohie ohol e BBy A= opE A

He mAdEs o8 A=y Aake] At oA skln. M=
A ALAE= EE glycine?} succinate®F-H ALA% &4 (ALAS)
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& Fstth o] 7|k FEIZHEH tetrapyrroles WG EH 150 PAEH A S

Aol 7heESE §t7] 98 Zastval Zuh 3 AFPeME A TIZEe] by =
A= dAG7Iel = Aol vls) of 3w B Gl ddE HERGY
(Rerbeiz, 1984).

Tetrapyrrole 523 384 dsfote] 4 #A= AnbA oz {Foxe|dnt. 7t
 F& A43AAIE= Pehlide FA ¥ 38t 33
Protos 4 7 F skl vjajzte] Fo#l FuaA= 259 $=7F ofd dAs=E
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ozl d# A YA &rh ThE Hil (Belanger 5 1982)°14 X F u} Pchlide®}
MP(E)2] MV<e} DV #2949 o] ALA + DPY Az A&EoA FH5Ac) o+
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. 9452 (Chlorophyll) 32 deFELFE o 01gS 5ml 95% ol &-&ol 0.5mm=

Ru/p

AAEste] 80TolA 208 5 & o B#A3aL, spectrophotometerE ©]-§-3}e] 470
nm, 648nm, 664mmoll X FFEE FAste] ofgfe] WH(Method in enzymology, 1987)
of o3 4F=3t3l

Chl. A = 13.16xAgss - 5.19%Agss
Chl. B = 27.43xAgs - 8.12xAge
Carotenoid = (1000%A47 - 2.14xChl. A - 97.64xChl. B)/209
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A EA AHE Y3l Paraplasts Embedding@tth. o] 212 Hot plate 9olA 3t
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1) Auikad ALAS k&) 2 FEAF
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o A, 20 o] b= 108 o] dH oA o & Aoz yepyth Jo tidk ALAS] ¢
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STk (G D).

3 ALAC] thgh W&} 9o Agukgels 243 BAFTS dRv= 87t 54
grEtE AgA G, ozt Az, 208 o] dH H s 109 o] 4 H
oA o AA FAHAT (R 2, 3). e ALAX ] ©E A The} o] <
274 10%H e #a7E s vhd Agzde) Adws 15mMolA 69% g 7EA

20mMel A= 100% o] AAFEATt Fo 2Fe 3t g3 F4xA

i
I
NI

o] o]zl 20mM FEolA 61-64% AAEJA o FHok AHEAANAM = 4
273 38% A Eo] o]zl WAEN =A vEwth ¥ paraquat ImM # 2]

oAM= A Aol A 100%°] ksl FEE RTh

Table 1. Effect of ALA on rice injury and weeding efficacy against barnyardgrass

based on visual rating under different cropping conditions .

Direct seeding Transplanting
Treatment
Dry Wet 10 day-seedling 20 day-seedling
Rice injury
ALA 0 mM 0.0 0.0 0.0 0.0
5 mM 2.3 05 0.0 0.0
10 mM 35 13 1.5 05
15 mM 53 3.0 2.3 2.0
20 mM 8.0 35 3.5 3.0
Paraquat 1 mM 9.0 9.0 0.0 0.0
Weeding efficacy against barnyardgrass
ALA 0 mM 0.0 0.0 0.0 0.0
5 mM 13 2.0 23 33
10 mM 25 3.0 3.0 35
15 mM 5.0 35 33 33
20 mM 7.7 45 4.5 4.0
Paraquat 1 mM 9.0 9.0 9.0 9.0

* Visual rating was conducted 5 days after application and made using a 0-9 scale, where

represents no control of barnyardgrass or no rice injury.
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Table 2. Effect of ALA on plant height (cm) of rice and barnyardgrass under

different cropping conditions at 20 days after application.

Treatment Direct seeding Transplanting
Dry Wet 10 day-seedling 20 day-seedling
Rice

ALA 0 mM 64.7(100) 55.3(100) 76.9(100) 81.1(100)

5 mM 62.2( 96) 57.7(104) 80.2(104) 86.6(107)

10 mM 37.8( 58) 56.9(103) 69.7( 91) 75.8( 94)

15 mM 20.1( 31) 43.8( 79) 70.0( 91) 72.2( 89)

20 mM 0.0( 0) 52.0( 94) 68.6( 89) 75.4( 93)
Paraquat 1 mM 0.0( 0) 0.0( 0 0.0( 0 0.0( 0

Barnyardgrass

ALA 0 mM 61.8(100) 66.2(100) 40.9(100) 39.4(100)

5 mM 57.9( 94) 76.1(115) 30.8( 75) 29.5( 75)

10 mM 48.7( 79) 56.5( 85) 23.2( 57) 30.9( 78)

15 mM 38.2( 62) 48.4( 73) 21.2( 52) 17.5( 44)

20 mM 0.0( 0) 47.2( 71) 16.1( 39) 14.0( 36)
Paraquat 1 mM 0.0( 0) 0.0( 0) 0.0( 0) 0.0( 0)

Table 3. Effect of ALA on fresh weight (g/plant) of rice and barnyardgrass under

different cropping conditions at 20 days after application.

Direct seeding Transplanting
Treatment - :
Dry Wet 10 day-seedling 20 day-seedling
Rice

ALA 0 mM 2.5(100) 2.4(100) 9.7(100) 19.3(100)

5 mM 1.7( 68) 2.4(100) 9.4( 97) 16.8( 87)

10 mM 0.7( 28) 1.7( 71) 7.9( 81) 16.3( 85)

15 mM 0.3( 12) 1.6( 67) 7.2( 74) 13.3( 69)

20 mM 0.0( 0) 1.4( 58) 5.6( 58) 11.0( 57)
Paraquat 1 mM 0.0( 0 0.0( 0 0.0( 0) 0.0( 0)

Barnyardgrass

ALA 0 mM 5.3(100) 6.5(100) 1.9(100) 1.8(100)

5 mM 3.5( 66) 6.3( 97) 1.7( 90) 1.6( 89)

10 mM 2.2( 42) 5.7( 88) 1.5( 79) 1.7( 94)

15 mM 1.6( 30) 3.7( 57) 0.9( 47) 0.8( 44)

20 mM 0.7( 13) 2.6( 40) 0.7( 37) 0.4( 22)
Paraquat 1 mM 0.0 0) 0.0( 0) 0.0 0) 0.0( 0)
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Fig 1. Effect of flooding depth on rice injury and weeding efficacy against
barnyardgrass by ALA treatment.
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Table 4. Effect of a post-spray dark incubation period (PSDIP) on the subsequent

occurrence of photodynamic damage against Chinese cabbage.

Plant height Fresh weight Leaf number
Treatment

(cm) (g/plant) (No./plant)
(mM) D/L L/L D/L L/L D/L L/L
ALA 0 11.7 11.7 2.5 2.5 49 4.9
ALA 2 125 12.8 33 3.1 5.3 49
ALA 4 12.8 11.7 2.8 2.4 4.6 4.5
ALA 6 11.1 10.6 2.0 21 3.8 35
ALA 8 9.3 10.3 15 1.7 2.8 34
Paraquat 1 3.6 4.7 0.3 0.6 0.7 0.7

* ALA was foliar applied with (D/L : Dark/Light) or without (L/L : Light/Light)

post-spray dark incubation period.

Table 5. Effect of a post-spray dark incubation period (PSDIP) on the subsequent

occurrence of photodynamic damage against eclipta.

Plant height Fresh weight Chlorophyll a
reament (em) (g/ plant) (mg/g)
(ALA, mM)

D/L* L/L D/L L/L D/L L/L

0 14.8 14.8 0.7 0.7 4.4 4.4

4 15.3 20.4 0.6 0.9 39 4.0

6 15.1 19.7 0.6 0.9 39 3.9

8 10.9 13.6 0.2 0.2 3.5 5.2

10 6.6 8.8 0.1 0.2 74 6.2

* ALA was foliar applied with (D/L : Dark/Light) or without (L/L : Light/Light)

post-spray dark incubation period.
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Table 6. Effect of ALA on early seedling growth of lily (cv. Georgia) 40 days after

in vitro scale culture.

Plant height Root length Fresh weight
Treatment
(cm) (cm) (mg/ plant)
0M 3.3 (100)* 1.5 (100) 54.8 (100)
10°M 3.8 (114) 1.7 (117) 82.3 (150)
10"M 3.6 (107) 1.7 (117) 80.4 (147)
10°M 3.3 (199) 1.4 ( 98) 57.6 (105)
10°M 2.7 ( 80) 1.5 (100) 54.3 (199)
10™*M 2.6 ( 78) 1.3 ( 88) 33.9 ( 62)
10°M 0.0 ( 0) 0.0 ( 0) 0.0 ( 0)

*(): % of control (0 M)
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Table 7. Effect of ALA on number of leaf, root and bulb of lily (cv. Georgia) 40

days after in vitro scale culture.

Treatment Bulb number Leaf number Root number
0M 2.9 (100)* 2.9 (100) 4.2 (100)
10°M 3.5 (121) 2.5 ( 86) 4.4 (105)
10"M 3.4 (117) 9.7 (334) 11.3 (269)
10°M 3.1 (107) 4.8 (166) 8.9 (212)
10°M 2.9 (100) 4.8 (166) 9.6 (229)
10™*M 2.6 (90) 44 (152) 7.3 (174)
10°M 0.0 ( 0) 0.0 ( 0 0.0 ( 0)

*(): % of control (0 M)
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gpetere ghibupite] S AF &S UERl A Kbl 3dAel 70%9 dE&S o
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Table 8. Insecticidal effect of lufenuron on Spodoptera exigua.

Insecticidal activity (%)

Lufenuron, folds

1 DAA 2 DAA 3 DAA
x 1,000 31.1+£2.9 422429 70.0£3.8
x 2,000 16.7+£1.9 28.9+1.1 40.0£3.3
x 4,000 3.3£3.3 7.8£2.9 21.1+1.1

Table 9. Insecticidal effect of ALA on Spodoptera exigua.

Insecticidal activity (%)

Light ALA (folds)

1 DAA* 2 DAA 3 DAA
104} 26.7£1.92 55.6+7.29 90.0+5.09
L/L 50H 0.0£0.00 0.0£0.00 0.0£0.00
10044 0.0+0.00 0.0£0.00 0.0+0.00
104} 33.3£1.92 77.8+£2.94 100.0+0.00
D/L 50H 0.0£0.00 0.0£0.00 0.0£0.00
10044 0.0+0.00 0.0£0.00 0.0+0.00

Table 10. Combined insecticidal effect of lufenuron(LU) and ALA on Spodoptera

exigua.
Light Treatment Insecticidal activity(%)
(ALA+LUF, folds) 1 DAA* 2 DAA 3 DAA
10+1,000 28.9+1.11 71.1£2.22 97.8+1.11
L/L 10+2,000 6.7+3.33 33.34£3.33 46.7+6.67
10+4,000 10.04£5.77 10.04£5.77 23.34£3.33
10+1,000 44.4+2.94 92.242.94 100.0£0.00
D/L 10+2,000 23.3+£3.33 35.6+2.94 53.3£1.92
10+4,000 3.3£3.33 10.0+£5.77 33.316.67

* DAA: day(s) after soil-application
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Table 11. Insecticidal effect of ALA on Tetranychus urticae

ALA Insecticidal activity(%)
Light
(folds) 1 DAA* 2 DAA 3 DAA
x 10 97.8+2.22 100.0£0.00 100.0+£0.00
x 50 31.1+4.44 61.1+2.94 68.9+2.22
L/L
x 100 8.9+2.22 22.2+5.88 23.3+5.09
x 200 0.0+£0.00 0.0+0.00 0.0+0.00
x 10 92.2+4.01 100.0£0.00 100.0+£0.00
x 50 35.6+2.22 62.2+4.84 85.6+4.01
D/L
x 100 16.7+1.92 27.8+1.11 38.9+2.94
x 200 1.1+1.11 4.4+2.22 4.4+2.22

* DAA: day(s) after soil-application

120 . . . .

BN Spodoptera exigua (Hubner)
100 - — Tetranychus urticae Koch

L
80 .

60 - -

40 .

Insecticidal activity, %

0 Il;l | | |
A0.5 A1.0 A2.0 A10.0

ALA concentration, mM

Fig. 2. Comparative insecticidal effect of ALA on Spodoptera exiqua (Hubner) and

Tetranychus urticae Koch.
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Saste] A= ALAE dA " g A vlus) 24 Ao Aolrp uhA
doy AAFTE ALA A AmMPF 6mM 5% A oA 2.8g7 2.0gQ0 WHH ALA
4mMell A5 59 10ppm EFA T A= °F 717 1.8g¥ 13go & FhAH o]
ALA 6mM A &3 wr} A4 yebda ALA @Al2 oF 2uje] HEE8mM) A2 9}
HlSgk 235 UEtH(E 12).

Table 12. Combined effect of ALA and boron on seedling growth of Chinese

cabbage.

Treatment Plant height Fresh weight Leaf number
ALA (mM) B (ppm) (cm) (g/plant) (No./plant)

0 0 11.7 2.464 49

2 0 12.5 3.258 53

4 0 12.8 2.808 4.6

6 0 11.1 2.025 3.8

8 0 9.3 1.457 2.8

0 5 12.2 2.705 4.5

0 10 13.5 3.271 5.0

0 15 12.9 3.126 4.8

0 20 11.7 3.072 49

2 5 13.1 3.293 49

2 10 13.7 3.931 55

4 5 11.3 1.794 3.5

4 10 10.0 1.341 3.0
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Fig. 3. Change in herbicide-residual effect of ALA in soil on plant height of

Chinese cabbage as affected by different application concentrations.
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Fig. 6. Change in herbicide-residual effect of ALA on chlorophyll A content of

Chinese cabbage as affected by different application concentrations.
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Table 13. Change in herbicidal effect of ALA on pigments of Chinese cabbage as

affected by different application concentrations.

Chlorophyll a Chlorophyll b Carotenoid
DAA*
0 4mM 8mM 12mM 0 4mM 8mM 12mM 0 4mM 8SmM 12mM
0 100 57 21 1 100 58 21 5 100 50 19 0

5 100 8 65 56 100 83 61 38 100 91 86 63

10 100 104 95 97 100 101 99 103 100 103 82 89

15 100 101 107 94 100 97 112 96 100 104 110 99

* DAA: day(s) after soil-application

2) EY T ALA HF 24

Bl ALA %2 Papenbrock et al. (1999)2] ®WH S ot Wsle], AxH =

% A= 03mgoll AAHAZ A 5mlT ethylacetoacetate 1mbE 7+sh § FE3HAl 1 RES]

AetHA A FRoIA 1027 A7 & WZhate] 15,000rpmol Al 1527 Al
gtk A5 1ol <49 Ehrlich's Y14 1S 7}ate] 2023 X3 5 B33
LA 553nmol A FREE AP BAGHNS o] &t ALA F=2 243 A
ES ul ALAS IR Wste (29 7) Ag AFdv wRo] we} 1 gheko] W)

I FFFo] obF HAa, 108 A e 15U A 1
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Fig. 8. Effects of ALA on plant height and shoot fresh weight of rice and
barnyardgrass at 1-2 leaf stage (15 days after seeding).
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Fig. 9. Effects of ALA on plant height and shoot fresh weight of rice and
barnyardgrass at 3-4 leaf stage (25 days after seeding).
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Fig. 10. Effects of ALA on plant height and shoot fresh weight of rice and

barnyardgrass at 5-6 leaf stage (35 days after seeding).
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Table 14. Effect of ALA on early seedling growth and chlorophyll content of
barley at 1-2 leaf stage.

Treatment Plant height FWT. DWT. Chlorophyll (mg/g)  Carotenoid
(cm) (g/plant) (mg/plant) a b (mg/g)
Control 16.5 0.379 35.6 255 9.7 7.6
2mM 18.4 0.429 40.0 24.6 8.5 7.5
4mM 15.7 0.421 39.7 23.6 7.6 7.2
6mM 16.1 0.350 34.2 20.9 6.8 6.2
8mM 15.5 0.266 242 18.1 5.6 5.6
10mM 13.9 0.274 242 19.4 6.0 5.9
12mM 10.9 0.186 17.2 13.0 4.0 4.1
14mM 8.9 0.118 9.4 10.4 3.2 3.3
16mM 7.5 0.089 7.5 9.8 3.0 3.0
18mM 6.5 0.068 6.2 8.0 2.8 25
20mM 4.7 0.063 5.8 6.1 3.9 1.3

Table 15. Effect of ALA on early seedling growth and chlorophyll content of
barley at 3-4 leaf stage.

rentmen P10t height  FWT pwr  Chlorophyll (mg/g)  carotenoid
(cm) (g/plant) (mg/plant) a b (mg/g)

Control 267 0.483 722 176 6.0 55
4mM 28.7 0.440 62.0 171 5.9 54
$mM 285 0.374 524 165 53 51
12mM 297 0.319 147 152 5.0 5.0
16mM 281 0.351 50.7 175 55 5.7
20mM 23.8 0.298 456 122 3.8 3.8
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Fig. 11. Effect of ALA on seedling fresh weight of barley at 2- and 4-leaf stage

and water foxtail at 4-leaf stage.

Table 16. Effect of ALA on early growth of barley as affected by different

concentrations.
Fresh weight Dry weight Fresh weight Dry weight
Treatment Treatment
(g/plant) (mg/plant) (g/plant) (mg/plant)
Control 0.462 39.0 0 mM 0.462 39.0
1x10™M 0.392 33.7 2 mM 0.337 27.7
5x10°M 0.438 413 4 mM 0.317 25.7
1x10"M 0.356 31.7 6 mM 0.305 23.3
5x10"M 0.425 33.0 8 mM 0.318 27.0
1x10°M 0.403 29.3 10 mM 0.281 23.0
5x10°M 0.383 29.7 12 mM 0.303 28.0
1x10°M 0.318 26.3 14 mM 0.277 26.3
5x10°M 0.349 30.3 16 mM 0.221 19.3
1x10™*M 0.335 31.7 18 mM 0.230 21.7
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Table 17. Effect of ALA on visual crop injury and plant growth of soybean

seedlings.
Treatment Crop injury (visual) Plant growth
(mM) 5 DAA* 10 DAA Plant height Fresh weight
cm g plant”

ALA 0 0.0 0.0 33.4 10.8

5 0.3 0.5 36.7 11.3

10 1.3 1.3 35.2 10.5

15 1.6 15 33.5 10.6

20 2.3 2.0 31.5 9.8

Paraquat 1 9.0 9.0 0.0 0.0

* DAA: days after application.

oy ofaukg

Table 18. Effect of ALA on the number of individuals and fresh weight of weed

species at 20 days after application.

Weedin

ol FOlAE  HuE %) 2 Total “ng

Trt. Efficacy
(mM) :

NO FW NO FW NO FW NO FW NO FW NO FW NO FwW

ALA 0 343 746 52 26 1.3 112 10 1.7 15 215 433 112 00 0.0

5 162 125 12 15 0.0 0.0 0.0 0.0 13 73 187 213 56.8 81.0

100 75 83 00 0.0 00 00 0.0 0.0 00 00 75 83 826 926

15 35 38 00 00 00 0.0 0.0 0.0 00 00 35 3.8 919 96.6

20 13 04 00 00 00 0.0 0.0 0.0 00 00 13 04 97.0 99.6

PAR1 00 00 00 00 00 00 0.0 0.0 00 00 00 00 100 100

*NO: number of individuals per 0.25 m’, FW: fresh weight of each weed species.
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Table 19. Effect of ALA on visual crop injury and plant growth of Korean lawn

grass.
Treatment Crop injury (visual) Plant growth
(mM) 5 DAA* 10 DAA Plant height Fresh weight

cm g plant”

ALA 0 0.0 0.0 15.3 0.6

5 0.5 1.0 15.0 0.5

10 1.5 2.0 13.5 0.4

15 3.0 3.5 13.1 0.3

20 4.5 5.5 12.5 0.2

Paraquat 1 9.0 9.0 0.0 0.0

* DAA: days after application.

Ly eFE kS

Table 20. Effect of ALA on the number of individuals and fresh weight of weed

species at 20 days after application.

_ Weedin
u}eg o] o1 %) AuE  olyt  Hel%E  Total cems
Trt. Efficacy

(mM) NO FW NO FW NO FW NO FW NO FW NO FW NO FwW

ALA 0 253 195 23 184 23 199 53 50 1.0 42 36.2 85.4 0.0 00
5 120 103 10 54 10 72 3.0 59 00 00 17.0 288 53.0 66.3
10 33 91 00 00 00 00 20 27 00 0.0 33 91 909 893
5 27 24 00 00 10 09 1.0 03 00 00 27 24 925 972
20 10 02 00 00 10 04 10 02 00 00 1.0 02 972 998
PAR1 00 00 00 00 00 00 00 00 00 00 0.0 0.0 100 100

* NO: number of individuals per 0.25 m’, FW: fresh weight of each weed species.
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Table 21. Effect of ALA on the number of individuals and fresh weight of weed

species at 20 days after application.

Weedin:
wpeyo]  Awmure]  wre|gE 2 ZolAE  Total cems
Trt. Efficacy

mM
(mM) NO FW NO FW NO FW NO FW NO FW NO FW NO FwW

ALA 0 171 466 50 78 1.0 7.7 43 157 63 214 33.7 99.2 00 0.0

5 70 122 10 02 1.0 47 1.1 20 20 51 131 242 611 756

10 53 82 1.0 01 00 00 0.0 00 00 00 63 82 813 917

15 20 45 03 01 00 00 00 00 0.0 0.0 23 46 932 954

20 1.0 1.7 00 00 00 00 0.0 00 00 00 1.0 1.7 97.0 983

PAR1 00 00 00 0.0 00 00 00 00 0.0 00 00 0.0 100 100

T 9E F30d A (vhRe] 2%, 20 em W $]) ALAE 0, 5, 10, 15, and 20mM
SR paraquatE 1 mM =2 AZste] Ag F 5dAt 104 A Fo] ofHE
g@g et 233 YAFTE AT 025 m e B 2FE AAFY AT

AU T2 A 5 544 104 Aol 20mMA 2l ol A 20% ] ] 9] efalf 7F

o2 Ay en | dlZ2F 2 paraquats A T A 4 mAEATH
T3 FHEFTL vl FopAE, HHlE, oA, dx ol = 20 A
$A &= 15mM o]l A & iAok ATl oA 22k 9291 97%
o] MA&S HATHE 17, 18).
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S5mMell Al 10% A= ofelE KBSl s7t S7HEF5 20% A 55% = oFalf 7}
st x4 = Agl¥ paraquats U] A2 o A HdH. EAE
o &= npae], o, AHE, Bolw, HFELZA Ay T 2094
A L= 15mM o] el F JRAFeF ATl delA 22 939k 97% ©]
&5 HATHE 19, 20).
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o]

ALATE vAEA A

o}, ALAS| ZHZ stress LA HIE oA
1) ALA7Z} 3¢ WldAdel vl A= 93

NaCl?#} ALA Aol o]gt o A5 A5 3% 229 23404 HE upel o] A
g T% 7 od dAe AFS Holx okt

239 A4S ALAS AgstA &S NaCl 303 60mMe] A s Eo s g
& ¢3le] Aol <kt F7hsld oy 90mM o] Aol o A= NaCl stress7} UHE}S:
t}. NaCl stress % & ALAS w22 A3 Axx FA e o] NaCl * 29
o)t 4o dako] ALAS Aol o3t a3 Byt 3 A e ALAS stress A%
oy} 3Ee] FHE B 5 oyt ALA 10°MA e 10-15%2 571 Bt
(% 22).
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1} NaCl 602+ 90mMell A ALAE 10'M A A3} zhzt 333} 45% Z71S 2Sivt
(% 23).

Table 22. The effect of ALA on plant height of NaCl-treated soybean seedlings.

Plant height (cm)

Treatment
0 30mM 60mM 90mM 120mM
0 45.1(100) 51.7(100) 45.5(100) 41.3(100) 34.9(100)
10"M 52.8(117) 49.8( 96) 50.4(111) 45.4(110) 40.5(116)
10°M 50.8(113) 48.3( 93) 49.1(108) 38.6( 93) 35.9(103)
10°M 47.9(106) 49.4( 96) 48.3(106) 40.2( 97) 31.6( 91)
10*M 46.5(103) 48.1( 93) 46.4(102) 39.8( 96) 31.3( 90)

Table 23. The effect of ALA on shoot dry weight of NaCl-treated soybean

seedlings.
Shoot dry weight (g/plant)
Treatment

0 30mM 60mM 90mM 120mM

0 0.9101(100)  0.610(100) 0.401(100) 0.273(100) 0.210(100)
10'M 0.827( 91)  0.722(118) 0.533(133) 0.397(145) 0.212(101)
10°M 0.770( 85)  0.637(104) 0.490(122) 0.279(102) 0.202( 96)
10°M 0.741( 81)  0.664(109) 0.482(120) 0.261( 96) 0.177( 84)
10*M 0.589( 65)  0.576( 94) 0.401(100) 0.244( 89) 0.154( 73)

NaCl stressoll 23 =Z%+= 3 oo Zo](iE 24)= 3034 60mMo| A-ske
NaCl Aol A FAeeh 719 22 WS B 90mM o]de] askoA A%
o] A% Atk ALA Aol 93 = 10°Me A2lolA NaCl g o3 7
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7b FA el vle) AR 90mM A= 60mM A eleh Ado]l Ao Zekrh ey
ALA® t& sroAes A a3 AT dFo]l yehA &
AT Wsh(E 25+ NaCl HEsEe F7hddl wet aA i Avh 22y

ALA®] A 2lell 93k stress 47 &= 30mM A ol A vt Fxjefe] nls) HEF 3
a7 Ao) E3E B 5 Q9m 3 sle Ae BRAAE FALel HsAs a%
o] oF7k Aot ALA® A el ©§ NaCl stresss ¢Hd 3538 += ATh
Table 24. The effect of ALA on root length of NaCl-treated soybean seedlings.
Root length (cm)
Treatment
0 30mM 60mM 90mM 120mM
0 14.9(100) 14.9(100) 14.3(100) 12.5(100) 10.8(100)
10"M 15.9(107) 16.2(109) 15.1(106) 13.6(109) 11.6(107)
10°M 15.4(103) 15.2(102) 13.4( 94) 12.8(102) 11.0(102)
10°M 14.9(100) 14.9(100) 14.4(101) 11.0( 88) 9.8( 91)
10"M 14.4( 97) 14.5( 97) 14.4(101) 11.8( 94) 10.0( 93)

Table 25. The effect of ALA on root dry weight of NaCl-treated soybean seedlings.

Root dry weight (mg/plant)

Treatment
0 30mM 60mM 90mM 120mM
0 130.0(100) 100.0(100) 77.0(100) 33.7(100) 25.3(100)
10'M 132.9(102) 114.1(114) 86.2(112) 66.6(197) 37.4(148)
10°M 128.7( 99) 104.2(104) 75.2( 98) 40.7(121) 30.9(122)
10°M 108.9( 84) 109.5(110) 58.7( 76) 44.8(133) 28.3(112)
10*M 108.7( 84) 86.3( 86) 61.0( 79) 37.4(111) 27.9(110)
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Table 26. The effect of ALA on plant height of NaCl-treated rice seedlings.

Plant height (cm)

Treatment

0 30mM 60mM 90mM 120mM

0 547(100)  48.0(100) 50.9(100)  45.9(100) 38.5(100)

10"M 58.4(107)  55.1(115) 53.6(105) 49.7(108)  41.1(107)

10°M 56.2(103)  52.7(110) 49.9( 98) 47.9104)  39.4(102)

10°M 56.5(103)  48.9(102) 50.5( 99) 47.7(104) 35.8( 93)

10*M 55.7(102)  47.1( 98) 47.0(100)  47.7(104) 35.6( 92)

AR ABF AS(E ) NaCl Aol og 7aZo] 2gnd 27 1}
3 2ol sl 2ol ALASl E#i EA ottt

Table 27. The effect of ALA on shoot dry weight of NaCl-treated rice seedlings.

Shoot dry weight (g/plant)

Treatment 0 30mM 60mM 90mM 120mM
0 0485(100) 0.398(100) _ 0359(100)  0.305(100) _ 0.181(100)
107M 0552(118) 0.376( 94)  0334( 93)  0321(105)  0.202(112)
10°M 0573(114) 0319( 80)  0.320( 89)  0.278( 91)  0.178( 98)
10°M 0533(109) 0.364( 91)  0323( 90)  0.302( 99)  0.124( 69)
10*M 0.439( 91) 0395( 99)  0.275( 77)  0.289( 95)  0.139( 77)

Ao Aol WSk (3 28) FAHES] A5 NaCl 29 7k wep dEFo]
A #FAaEAn ALAY A g% NaCl stressell 93 7HAES oF7F 943kA] 7] o
O Z8 AA] ol B Ao A= NaCl stressoll 3t ALAY stress 2 7FE ¥} 38

_‘4
L

Table 28. The effect of ALA on root dry weight of NaCl-treated rice seedlings.

Root dry weight (mg/plant)

Treatment

0 30mM 60mM 90mM 120mM

0 202.6(100)  155.2(100)  111.3(100)  102.4(100) 53.9(100)
10"M 158.2( 78)  112.1( 72) 94.2( 85) 99.2( 97) 62.3(116)
10°M 156.5( 77)  113.1( 73) 87.9( 79) 93.1( 91) 32.3( 60)
10°M 125.0( 62)  92.1( 59) 73.5( 66) 80.1( 78) 45.4( 84)
10*M 155.2( 77)  83.1( 54) 76.0( 68) 86.9( 85) 42.0( 78)
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Hlal 829} 39% 3| QATH(E 29).

Table 29. Effect of ALA on fresh weight of Chinese cabbage injury as affected by

different depths and duration of water logging.

0 cm 3 cm 6 cm
ALA treatment
24 hrs 72 hrs 24 hrs 72 hrs 24 hrs 72 hrs
g plant”
oM 0.53 (100) 0.53 (100) 0.61 (100) 0.37 (100) 0.60 (100) 0.22 (100)
10"M 0.58 (120) 0.58 (109) 0.45 ( 74) 0.62 (182) 0.57 ( 99) 0.20 ( 87)
10°M 0.54 (102) 0.54 (116) 0.41 ( 68) 0.51 (139) 0.42 ( 73) 0.19 ( 86)
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Fig 12. Transverse section of ALA-treated barnyardgrass leaves 72 hours after
foliar application as affected by different concentrations, control (A), 4 (B), 6 (C),
and 8mM (D). Magnification was X100.

Table 30. Effects of ALA on leaf morpholgy of barnyardgrass.

Cell thickness (um)

ALA (mM)

Epidermal cell Mesophyll cell Total
0 19.4+3.9(100) 108.1£26.3(100) 127.5+23.4(100)
2 17.8+£0.9( 92) 70.9£9.7 ( 66) 88.7£8.8 ( 70)
4 17.7+0.7( 91) 51.5+9.7 ( 48) 69.243.9 ( 54)
6 16.8+1.5( 87) 37.2+10.2( 34) 54.0£1.5 ( 42)
8 15.8+0.9( 81) 224484 ( 21) 38.2+3.4 ( 30)
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