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Effects of endophytic Streptomyces sp.; P4 isolate and
Bradyrhizobium japonicum USDA 110 on nodulation,
nitrogen fixation and yield of soybean [Glycine max (L.) Merrill]
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ABSTRACT: The agrochemicals which harm farmers, consumers’ health and the environment are still being used
with rhizobia in soybean production. The objective of this study was, therefore, to study the effects of endophytic
Streptomyces sp.; P4 isolate and Bradyrhizobium japonicum USDA 110 on nodulation, nitrogen fixation and yield of
soybeans [Glycine max (L.) Merrill]. The Chiang Mai 2 soybean variety was used in a pot experiment. The experimental
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design was a completely randomized design (CRD) with 3 sets, 4 replications and 8 treatments. These treatments
consisted of control, single and combined applications of B. japonicum USDA 110, endophytic Streptomyces sp.;
P4 isolate and nitrogen fertilizer. For nodulation, it was found that the use of B. japonicum USDA 110 with endophytic
Streptomyces sp.; P4 isolate could significantly improve the shoot, nodule and total dry weights of soybeans (P<0.05)
at growth (V) and flowering stages (between R, and R ), especially the nodule dry weight at V (P<0.01). It had
no effect on root dry weight at both growth stages. It could also significantly improve the relative ureide index,
percentage of seasonal fixed nitrogen, total nitrogen accumulation and amount of fixed nitrogen (P < 0.01) for nitrogen
fixation. At harvesting stage, the number of pods per plant, seeds per pod and seed yield of soybeans in all treatments
did not differ statistically. The results of this study indicated the possibility of using endophytic Streptomyces sp.;
P4 isolate with Bradyrhizobium japonicum USDA 110 to promote nodulation, nitrogen fixation and yield of soybeans.

Keywords: endophytic actinomycetes, rhizobium, relative ureide index, soybean production
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(P <0.01) IndiAeeiu nsldilelulnsian saeaun
A nN7ld B. japonicum USDA 110 138 endophytic
Streptomyces lolaian P4 mmnuﬂﬂu‘fmmu
mmquuwunLmqmumu@mmwumuﬂLLW
ﬁwmfaﬂwuﬁﬂmﬁmmmnm (P < 0.05) lIn&iAer
Aunisladalulnsian uazld B. japonicum USDA
110 founutelulasian agqglafimu wuqn
pnnansialaiinarinlirnaaaresimiinuienn
LANFNTUNNATR (Table 1) iefiaranindaya
AziuI1 N9ld B. japonicum USDA 110 $auniu
endophytic Streptomyces laldan P4 Juualiin
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Table 1 Effects of endophytic Streptomyces sp.; P4 isolate and B. japonicum USDA 110 on shoot, root and

total dry weights (g/plant) and nodule dry weights (mg/plant) of soybean at V6 stage.

Treatment Shoot dry weight” ~ Root dry weight Nodule dry Total dry weight"”
(g/plant) (g/plant) weight” (mg/plant) (g/plant)
Control 0.6783 d 0.2802 32.1d 0.9906 d
USDA110 0.7515 cd 0.3318 34.3d 1.1175 cd
P4 0.8148 bcd 0.2677 27.3d 1.1097 cd
N 1.2516 a 0.3349 75.6 a 1.6621 a
USDA110+N 1.1011 ab 0.3304 442 ¢ 1.4757 abc
P4+N 0.8837 bcd 0.2984 53.2b 1.2353 bcd
USDA110+P4 1.1020 ab 0.3503 72.1a 1.56244 ab
USDA110+ P4+N 1.0497 abc 0.3020 80.7 a 1.4323 abc
F-test * NS > *
CV (%) 28.6 27.5 39.9 24.6

" Means within a column followed by the same letter are not significantly different according to LSD 0.05.

NS, *, ** non-significant, significant at P< 0.05 and P < 0.01 level respectively.

flazeirazing Rsﬁ"u RAW‘LIQ"]T‘]’]?M B. japonicum
USDA 110 $2ufiU endophytic Streptomyces lola
i P4 vienld uaclaildilelulnsiausandandana
‘Lﬁﬁ’mﬁml,ﬁqﬂuLﬁ'u%uaﬂwﬁﬁﬂéﬁﬁtymmﬁﬁ
(P < 0.05) IndiAeariun15l4d B. japonicum USDA
110 38 endophytic Streptomyces lolaian P4
mmuﬂﬂu‘immu mmmuu’mummqmumu@

o o
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(P < 0.05) IndiAeariun15l4d B. japonicum USDA
110 fanfudalulnsiau atalsfinu ynnssuds
aiflavinl9neaevinu s nTesdmaes
WANANSAUNINADH (Table 2) wail nnelg
B. japonicum USDA 110 $aunfu endophytic
Streptomyces lalman P4 Huualidulirnga
98909N1ANNNTLE B. japonicum USDA 110
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Table 2 Effects of endophytic Streptomyces sp.; P4 isolate and Bradyrhizobium japonicum USDA 110 on
shoot, root and total dry weights (g/plant) and nodule dry weights (mg/plant) of soybean between
R3 and R4 stage.

Treatment Shoot dry weight”  Root dry weight Nodule dry Total dry weight"
(g/plant) (g/plant) weight” (mg/plant) (g/plant)
Control 41c 11 89.3¢c 53d
USDA110 4.4 bc 1.2 151.5 abc 5.8 cd
P4 5.0 abc 1.3 109.6 bc 6.4 bcd
N 4.9 bc 1.6 151.7 abc 6.6 bcd
USDA110+N 6.0a 2.0 193.0 a 8.2a
P4+N 4.7 bc 1.4 180.0 a 6.3 bcd
USDA110+P4 5.4 ab 2.0 171.5 ab 7.6 ab
USDA110+ P4+N 5.1 abc 1.6 192.3 a 7.0 abc
F-test * NS * *
CV (%) 17.5 36.5 35.8 19.7

" Means within a column followed by the same letter are not significantly different according to LSD 0.05.
NS, * non-significant, significant at P < 0.05 level.

mamsstulngiau Tulmsiauilfannniasiseasdedidad Ay damneals

Rrzeizaendng Raﬁv‘u RAWUQ"IM?M B. japonicum
USDA 110 28U endophytic Streptomyces
\ Y oa = e oA A -

lolaian P4 denaliinpnedevesprandeslos
duins wlefidudlulnaauildannissiinaeng

(P<0.01) Tnglirngengallawfsauauiunssy
F5ou] luwnsiinasldlelulnsaunes uazlddon
fiu B. japonicum USDA 110 dunalsananaail
Al o o o o @ A ¥

gFladduing waviafifudlulasiauildainnig

Ugn Bnnlulnsiauiueiazan uaslfunn  sisenaenngign (Table 3)

Table 3 Effects of endophytic Streptomyces sp.; P4 isolate and Bradyrhizobium japonicum USDA 110 on
relative ureide index, seasonal fixed N (%), total nitrogen accumulation and amount of fixed nitrogen
in soybean (mg N/plant) between R3 and R4 stage.

Relative ureide Seasonal Total nittogen  Amount of fixed N"
index"” fixed N" accumulation” (mg N/plant)

Treatment (%) (%) (mg N/plant)
Control 33.4 bc 345b 449 c 15.6 bc
USDA110 38.3 abc 40.3b 49.3 ¢ 20.2b
P4 23.3d 22.3d 60.1 bc 13.2 bc
N 22.5d 21.3d 53.1¢c 114c
USDA110+N 20.4d 18.8d 729 ab 13.1 bc
P4+N 316¢c 32.3 bc 56.8 ¢ 18.3 bc
USDA110+P4 452 a 48.6 a 84.1a 409 a
USDA110+ P4+N 31.8 bc 32.6 bc 51.5c¢c 16.7 bc
Fotest . . . o
CV (%) 30.0 355 26.3 54.9

" Means within a column followed by the same letter are not significantly different according to LSD 0.05.
** significant at P <0.01 level.
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Table 4 Effects of endophytic Streptomyces sp.; P4 isolate and Bradyrhizobium japonicum USDA 110 on the

amount of pods per plant, seeds per pod and seed yield (g/plant) of soybean.

Treatment Number of Number of Seed yield
Pod/plant Seed/pod (g/plant)

Control 17.6 1.9 4.5

USDA110 18.6 1.8 5.0

P4 18.3 1.9 4.6

N 16.0 2.0 4.0

USDA110+N 21.5 1.8 5.6

P4+N 19.9 1.9 5.1

USDA110+P4 21.5 1.9 5.2

USDA110+ P4+N 19.9 1.8 4.7

F-test NS NS NS

CV (%) 18.0 8.2 20.3
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