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Growth of Lettuce Stimulated by Indole-3-Acetic Acid (IAA) from Cyanobacteria Isolated from
Paddy Field Soil
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Abstract: Cyanobacteria possess high capability on producing indole-3-acetic acid (IAA), can be serve
as a biostimulant for promoting plant growth. The objective of this research was to isolate and identify
cyanobacteria that are effective in producing IAA, as well as to investigate the impact of cyanobacteria
on the growth of lettuce. The experiment was started from 1) The isolation of cyanobacteria from 5 paddy
fields located in Nakhon Pathom, Kanchanaburi, and Suphanburi Province using a blue-green algae
nitrogen-free medium (BGA). 2) Morphological study and identification of cyanobacteria was conducted
through molecular biological methods utilizing the 16S rRNA gene and the phylogenic tree. 3) The
efficiency on IAA production of cyanobacteria was assessed in BGA medium with and without
tryptophan for 7, 14, 21, and 28 days. 4) The efficiency of cyanobacteria on growth promoting of
lettuce was evaluated in greenhouse. The most effective IAA producer was selected for pot
experiment. The experiment was completely randomize design (CRD) consisted of 4 treatments
with 5 replicates each: T1 control with no fertilizer, T2 100% chemical fertilizer, T3 50% chemical
fertilizer and cyanobacteria, and T4 only cyanobacteria. The results revealed that a total of 10
cyanobacteria isolates produced IAA in the range of 0.57 to 1.55 ug/ml. The Nostoc sp. (TL02)
exhibited the highest IAA production of 1.55 ug/ml at 21 days in BGA with tryptophan. In the
greenhouse experiment, using a 50% chemical fertilizer and cyanobacteria (TL02), there were no
significant differences in plant height, fresh weight, and dry weight among the 3 lettuce varieties.
However, the root length of the Green Cos variety showed a statistically significant difference at 11.00
cm. The highest dry weights for green oak, Green Cos, and Butterhead roots were 3.44 g, 10.64 g,
and 3.84 g, respectively. This indicated that Nostoc sp. effectively enhanced the growth of lettuce

roots, likely through IAA production. It can be used as a biofertilizer together with chemical fertilizers.
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n1sapauunatinaadlaanluluangy
10 lalganlaansunanAuLLa 165 rRNA WudE
maﬁuﬁ’ Prochlorococcus sp., Pseudanabena
sp., Nostoc sp., Calothrix parietina,
Pseudanabena suomiensis, Cyanothece sp.
WAz Westiellopsis sp. uazununiaulduas

lagnTunupnzalalaian TLO2 wudidnaglu
a18Wug Nostoc sp. AEIA1 bootstrap 100
wWafidus wanslu (Figure 2) Faganndesi
ﬁﬂwmzmqifmgm%mwmL%@Vlﬁnm‘iw,mﬂﬁﬁﬂ
e

Table 1 Some characteristics and identification of cyanobacteria by DNA sequencing 16S rRNA

Charaecteristics

Isolate Identified bacteria % Similarity
Color Shape Heterocyst
TNO1 Green Filament + Prochlorococcus sp. 82.66
TNO2 Green Filament + Prochlorococcus sp. 84.73
TLO1 Blue green Filament + Pseudanabena sp. 82.99
TLO2 Green brown Filament + Nostoc sp. 92.57
FLO1 Blue green Filament + Calothrix parietina 84.21
FLO2 Green brown Filament + Nostoc sp. 97.7
DJO1 Green Filament + Pseudanabena suomiensis 82.96
DJ02 Blue green Filament + Nostoc sp. 98.19
BWO1 Green Filament + Cyanothece sp. 88.32
BWO02 Brown Filament + Westiellopsis sp. 79.84

Note: + found heterocyst

{1} i
o
s Wﬂ ¥,

Sum v S S0pm

—tT —

Figure 1 Morphological characteristics of cyanobacteria on BGA medium and shape under the microscope at
magnification 400X: TLO1(A, F), TLO2 (B, G), TNO1 (C, H), TNO2 (D, 1), FLO1 (E, J), FL02 (K, P), DJO1 (L, Q), DJ0O2

(M, R), BWO1 (N, S), and BW02 (O, T)
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OQE647238.1 Loriellopsis sp. BFS1LBY
0OQ647134.1 Loriellopsis sp. BFS1HA14
0Q647205.1 Loriellopsis sp. BFS1HRT
OQBE47274.1 Loriellopsis sp. BFS1LRS

MR 177821.1 Gloeothece aurea
MF781015.1 Gloeothece aurea CCALA 1111
KJ511788.1 Lyngbya sp. BTA1040
AB047103.1 Anabaena macrospora
DQ513319.1 Nostoc sp. NTK29

TLO2 (Unknown)

D@Q513320.1 Nostoc sp. NTY30

Figure 2 Classification of cyanobacteria isolate TLO2 and their growth promoting effects on lettuce. Phylogenic tree of
isolate TLOZ2.

Figure 3 Growth of Green Oak (A), Green Cos (B), and Butterhead (C), T1: control with no fertilizer, T2:100% chemical
fertilizer, T3: 50% chemical fertilizer and cyanobacteria, and T4: only cyanobacteria at 45 days after planting.

U331 Indole-3-Acetic Acid (IAA) #ilganlu  lalaian TLO2 @runsan@n IAA Tdunnfigawiniy
LUANLS AR TNANRALA 1.19, 1.19, 1.52 uay 1.33 lulpniusatianans
TaenTunupnFeusazlalaan Nassluaiinsvan N7, 14, 21 WAY 28 TUTBINITLN ATNAIAL LAY

dl e a a a o o 1 d ¥
Alufinsdnnsaez AU inmy (Table 2) Tne wuluruaadeanudnmaae ke Tuwu Az
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Tugmsmasfifinsiunsnezilunidlnmy
(Table 3) usnzlaltan aru1snuan IAA 16
wanaAauateliedAtuneatn laloan TLO2
mﬁmiﬁmnﬁqmwﬁﬁu 1.32, 1.25, 1.55 UAY 1.38
ulnsnsusiefiaaans 7 7, 14, 21 uaz 28 Tuaes
nsn ausL uarlelmiaaiinaaldsesanie
lalsiam TLOT uaz DJO2 7l 21 Suzesniss
nang i lrenlunuaiizananisiasyauln
ADINNNIANAN

TunIMAResAen Nostoo sp. (TLO2)
naaausauiuileadl nanimaaaawudnlusndy
nanaaasiildilainil 5o wefifudianiyls
erluuuaiiBe vhliaaugedy dminanuay

'8

shwainuseresiu Tudnniavensia 3 aenug
Tdfianuuansneiuadeldadr Aty nieain
AFUNIsNaaeIlnan liAna1991n 189
ANNIANENAIERUENTUADA WANFAISAUaENSH
pdnAty Taesfu T3 ANE19g94a (11.00
LIURLNAS) WA LHHAREAYINENIIINUBIAEWIE
ulEn uazmmesion Tuansiimingessn
whesinniavesis 3 anaiug asuNansENL
anusiazsnsnmaaes T T3 fualiiwiinu
VD9IINGIGAT 3.44, 10.64 UAT 3.84 NFFRFL
29NN AneNateiugnIulsa nTuAed Lay
TARaFEn MMNAIAL (Table 4)

Table 2 The quantity of indole-3-acetic acid (IAA) produced by various isolates of cyanobacteria in blue green algae

nitrogen-free medium without tryptophan

Indole-3-acetic acid (ug/ml)

|solate
7Day 14Day 21Day 28Day
TNO1 0.60¢ 0.60° 0.73¢ 0.57°
TNO2 0.67°° 0.67°° 0.78°° 0.68°°
TLO1 0.64¢ 0.64°° 0.85°¢ 0.82°
TLO2 1.19° 1.19° 1.52° 1.33°
FLO1 0.62¢ 0.62° 0.77°° 0.65%°
FLO2 0.65° 0.65° 0.77°° 0.67%¢
DJO1 0.82° 0.82° 0.90°° 0.79°°
DJO2 0.81°° 0.81°° 0.90°° 0.81°
BWO1 0.64° 0.64° 0.83"¢ 0.71°¢
BWO02 0.67°¢ 0.67°° 0.90°° 0.76"°
F-test * * * *
CV (%) 8.2 8.32 6.42 6.29

Note: Means in the same column followed by different letters are different significantly by DMRT, * = P<0.05
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Table 3 The quantity of indole-3-acetic acid (IAA) produced by various isolates of cyanobacteria in blue green algae
nitrogen-free medium with tryptophan

Indole-3-acetic acid concentration (ug/ml)

|solate
7Day 14Day 21Day 28Day
TNO1 0.82°¢ 0.85° 0.88° 0.79°
TNO2 0.75°° 0.79°¢ 0.75¢ 0.73°
TLO1 1.03° 0.95° 1.12° 1.00°
TLO2 1.32° 1.25° 1.55% 1.38°
FLO1 0.69¢ 0.69%¢ 0.82°¢ 0.74°
FLO2 0.79°¢ 0.67¢ 0.77¢ 0.69°
DJO1 0.88° 0.83° 0.83°¢ 0.79°
DJO2 1.03° 0.99° 1.05° 0.92°
BWO1 0.74¢ 0.71%¢ 0.85°¢ 0.76°
BW02 0.77¢¢ 0.75°¢ 0.88° 0.76°
F-test * * * *
CV (%) 6.1 6.73 5.77 5.1

Note: Means in the same column followed by different letters are different significantly by DMRT, * = P<0.05

Table 4 Effects of cyanobacteria and chemical fertilizers on plant height, fresh weight, plant dry weight, root length and
root dry weight of 3 lettuce cultivars at 45 days after planting.

Plant heigh Plant fresh weight ~ Plant dry weight Root length Root dry weight

Treatment (cm) (g/plant) (g/plant) (cm) (g/plant)
Green Oak cultivar
T 17.00 85.76 2.89 6.17 0.74°
T2 17.17 134.38 4.15 8.17 2.12°°
T3 18.30 146.93 452 10.33 3.44°
T4 17.17 134.35 4.50 8.60 2.04%°
F-test ns ns ns ns *
CV% 8.75 2.1 24.76 20.10 46.93
Green Cos cultivar
T1 21.67 137.11 4.38 8.23" 1.73°
T2 23.90 147.80 4.60 8.17° 3.37°
T3 27.40 210.06 9.48 11.00° 10.64°
T4 24.50 127.56 4.59 9.60™ 3.95°
F-test ns ns ns * *

CV% 11.89 22.78 22.33 9.78 33.94
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Table 4 (continued).

Treatment Plantheigh Plant fresh weight  Plant dry weight Root length Root dry weight
(cm) (g/plant) (g/plant) (cm) (g/plant)
Butterhead cultivar
T 21.67 127.25 14.68 11.00 1.51°
T2 23.90 147.21 16.78 10.33 2.33%°
T3 27.40 152.29 22.28 1217 3.84°
T4 24.50 125.59 16.40 10.17 1.86"
F-test ns ns ns ns *
CV% 11.89 18.75 4.77 14.72 35.06

Note: T1: without fertilizer (control), T2: 100% chemical fertilizer, T3: 50% chemical fertilizer together with cyanobacteria

and T4: only cyanobacteria.
* = p < 0.05, ns = non different significantly.

a 4
2971500
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