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Abstract: Acetylene Reduction Assay (ARA) and the Most Probable Number (MPN) are the
methods for analyzing the efficiency and quantity of rhizobium in rhizobium biofertilizer. Three
of each rhizobium strains from soybean mung bean and ground nut (DASA 01023 01001 01014
02009 02008 02002 03069 03071 and 03018) that provide the highest nitrogen fixing rate were
used as reference strains in this experiment. For inoculation method, the minimum
concentration of 1.0 x 10° cfu/ml of these strains could produce nodules in their hosts.
However, only DASA 01001 01014 01023 had specific to soybean. Method validation was
performed to analyze the specificity of rhizobium strains in rhizobium biofertilizer. The result
showed that the relative specificity of this method were 100 56.94 54.16%, which resulted in
100 71.30 69.44% relative accuracy respectively. Whereas, all strains had 100% relative
sensitivity. Therefore, 9 rhizobium strains in this study can be used to analyze the quantity and

efficiency of rhizobium in rhizobium biofertilizer.
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951115039bulmsian = (103 x B x V)/(250 x Std. x A x 22.4)
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V = Yumsvesmansisumildiviesiaiuiiadans
Std. = Wuilldnsmedsveufdenafiduinsgiu

A = nanildlunssaduiasswiaududilu
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Tulasiaulafu@aans AuAsUAIMUA 3 U1 vinn1sveasdluds 4 91 lnawdsuainudndinidag
I~ I3 & = < a o a v Py [~ %} 1 a
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(Somasegaran and Hoben, 1994) Wien1A1Usziduaesdiuiulslafouidrasrsduiisinauda (m)
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X=mxd
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[y

m = Mavilaannisilnnisna MPN
d = sgAuAulIemanvasansasateeTin nildlunuauga (101)

v = Ssuesansazaneletinnildliiuaund (1 1ad8e3) Lawavaniui
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v ¢ [ v ¢

Imamsmmmmgﬂéfaqé’uwm (Relative Accuracy) AU NIEdUANS (Relative Specificity)

wazAulIdUWS (Relative sensitivity)

Responses Reference method positive (R+) Reference method negative (R-)
Test kit positive (A+) +/+ Positive Agreement (PA) +/- Positive Deviation  (PD)
Test kit negative (A-) -/+ Negative Deviation (ND) -/- Negative Agreement (NA)
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AUYNABIFUTNG = (PA+NA)/N x100%



AMUTBAIEAUNNS = NA/N- x100%
AMULIELINS = PA/N+ x100%

g N A9 UIUB819791Us (PA + PD + NA + ND)
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03018 HANsnsslulasiauiiian 3 suduwsnvesfausazyiin auaIau (Table 1) 3aldvinisdaden
Wolslaideuvia 9 aneiugluldiluesdsdunmsitinmeivsnagdunidludeinmlsladoudeis
MPN Tagvinn1sugnidelsleifeuns 9 angiugananlidudinies 0307 wazdidas ienaaey
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Table 1 Number of cell and nitrogen fixation efficiency of each rhizobium strain for 3 kinds of

bean
Order RhizobiLm strain Specificity to the Nitrogen fixing rate*
beans (Mmoles ethylene/plant/hour)
1 DASA 01001 Soybean 21.809
2 DASA 01007 Soybean 14.503
3 DASA 01013 Soybean 16.814
4 DASA 01014 Soybean 20.934
5 DASA 01015 Soybean 8.824
6 DASA 01022 Soybean 15.182
7 DASA 01023 Soybean 25.124
8 DASA 01034 Soybean 16.926
9 DASA 01054 Soybean 20.036

10 DASA 01059 Soybean 14.741




Specificity to the

Nitrogen fixing rate*

Order Rhizobium strain
beans (umoles ethylene/plant/hour)

11 DASA 02001 Mung bean 6.524
12 DASA 02002 Mung bean 7.858
13 DASA 02006 Mung bean 7.704
14 DASA 02007 Mung bean 2.843
15 DASA 02008 Mung bean 8.891
16 DASA 02009 Mung bean 13.456
17 DASA 02010 Mung bean 4.90

18 DASA 02020 Mung bean 6.466
19 DASA 02062 Mung bean 6.409
20 DASA 02080 Mung bean 5.493
21 DASA 03018 Ground nut 11.013
22 DASA 03026 Ground nut 14.118
23 DASA 03027 Ground nut 17.945
24 DASA 03028 Ground nut 13.109
25 DASA 03043 Ground nut 23.740
26 DASA 03069 Ground nut 23.601
27 DASA 03071 Ground nut 18.647
28 DASA 03083 Ground nut 18.181
29 DASA 03084 Ground nut 13.316
30 DASA 03094 Ground nut 7.096

* Mean of three replicates of each strain.

2. MmyBaTeilTuadunsdludedininlsluden 1ne35n1511A1 MPN (Most Probable Number)
¥ /-&J IS ada &€ 1a I + IS ]

waznInTIRdeuAgnaesveatelsludenluisinseiusunalsludesludedinmlsludey

Han1TIesenUsIadunidludedinmlsladond miuiuvies 60387 wazdIaaenies

MPN nwu31 wwalslaileus 9 areiug Nenududuvedtosdetos 1.0 x 10° wadseliadans awise

AeliAnUulusinite 3 alialed WellSeumeuivgenuaniegindedlasldlinmsiivaisazaeledinim

l5leLtsu (negative control) (Table 2-4) lngwud193t40351 M5NF19819AUANSIAUIN (positive

= v e & = ° YY) = o U a - Y

sample) #in1sasrsvulunnganiinsugnivelslalond msuaunies 0aden wasidas eeina

wosasialuignsznatiildiduiiviudn (trap host) dmsuitelslalen duweslasisaunsaiin

Junnlanudelsladeunnuin (Somasegaran and Hoben, 1994)



Table 2 Most probable number of rhizobium for soybean strains: DASA 01001 01014 and 01023

Number of growth pouch that have nodule

Concentration of serial dilution

01001 01014 01023
10" 4 4 4
10°% q q 4
10° il a 4
10" q q 4
10° il a 4
10° 4 4 4
107 4 3 4
10°® 1 0 0
Total 29 27 28
Number of cell (cells per gram biofertilizer) 3.4 x 10 1.0 x 10 1.8x 10’
Positive Sample* a4 al 4
Negative Control* 0 0 0

* Positive sample means siratro beans grown with rhizobial inoculant. Negative control means soy beans

grown without rhizobial inoculant

Table 3 Most probable number of rhizobium for mung bean strains: DASA 02002 02008 and 02009

Number of growth pouch that have nodule

Concentration of serial dilution

02002 02008 02009
10" 4 4 4
107 4 4 4
10” il q a
10" a a q
10” 3 4 4
10° 3 3 3
107 1 1 2
10° 0 0 0
Total 23 24 25
Number of cell
1.0 x 10° 1.7 x 10° 3.1x 10°
(cells per gram biofertilizer)
Positive Sample* 4 a4 il
Negative Control* 0 0 0

* Positive sample means siratro beans grown with rhizobial inoculant. Negative control means mung beans

grown without rhizobial inoculant



Table 4 Most probable number of rhizobium for ground nut strains: DASA 03018 03069 and
03071

Number of growth pouch that have nodule
Concentration of serial dilution

03018 03069 03071
10" il il aq
107 il il aq
10° a a q
10" il il aq
107 4 4 3
10° 3 2 4
107 1 1 1
10° 0 0 0
Total 24 23 24
Number of cell
1.7 x 10° 1.0 x 10° 1.7 x 10°
(cells per gram biofertilizer)
Positive Sample* 4 4 4
Negative Control* 0 0 0

* Positive sample means siratro beans grown with rhizobial inoculant. Negative control means ground nuts
grown without rhizobial inoculant

wansnaaeuanudunzrendolsledondmiudundesatsiusg DASA 01014 01001 uas
01023 demsasnsuusnfudundes duden uazidas nuindelsindeuiisimedmiuduvdonis 3
el annsnaislusnludundeniissedaieaintu (Table 5) drunansvagouaNFIAET0S
Folsledsudmiudndetareius DASA 02002 02008 uag 02009 son1sadrsusnfududes &
wides uariadas nuindelsindents 3 areus aunsoadausnludulouasdundodld wll
annsnadsuusnlutidas (Table 6) Tnsfinansnaaeumiusunizvendelsludoudmiviibasas
#{ug DASA 03018 03069 way 03071 fiontsaisUnnvesiadas duded uazdundos wuindols
Todowdta 3 anestug anansoadadumnludadouasdavdos luvagvaediianeius DASA 03071 Tl
aunsoaisunsnludaundes (Table 7) Famuauyigrudelslodeouts 9 arsiugasiiniuasnng
Wrasiuifiduiiverdefisiedaior wu Welsladeuduvaes Wity (Wang et al., 2012) sntiu
Folslufoududouaridasiaiudasinmeinnusinzveadelslodeunmsadfiiionsivaen

Augneeavesaenug lsludouns 9 aeug



Table 5 Specificity of rhizobium for soybean strains: DASA 01001 01014 and 01023 on

nodulation with soybean and other non-host plants as mung bean and ground nut*

DASA 01001 DASA 01014 DASA 01023

Hypothetical Negative
Replicate mung ground mung ground mung ground
result* Control***
bean nut bean nut bean nut
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'
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+

'

'

|

|

|

'

'

—_
—_

+ - - - - - - -

12 + - - - - - - -

Total 12 0 0 0 0 0 0 0

* + means nodule, - means without nodule
** Hypothetical result means soybeans grown with rhizobial inoculant and produce nodules.

*** Negative control means soybeans grown without rhizobial inoculant.

Table 6 Specificity of rhizobium for mung bean strain: DASA 02002 02008 and 02009 on

nodulation with mung bean and other non-host plants as soybean and groundnut*

Replicate Hypothetical Negative DASA 02002 DASA 02008 DASA 02009
result* Control**  soybean  groundnut soybean  groundnut soybean  groundnut
1 + - + - + - + -

+ - + - + - + -

+ - + - + - + -

O (o] ~ [e)} (6] BN w N
+
+
+
+
|



10 + - + - + - + -

11 + - + - - - - -
12 + - - - - - - -
Total 12 0 11 0 10 0 10 0

* + means nodule, - means without nodule
** Hypothetical result means mung beans grown with rhizobial inoculant and produce nodules.

*** Negative control means mung beans grown without rhizobial inoculant

Table 7 Specificity of rhizobium for ground nut strains: DASA 030 18 030 69 and 03071 on

nodulation with ground nut and other non-host plants as soybean and mung bean*

Replicate Hypothetical Negative DASA 03018 DASA 03069 DASA 03071
resule™ Control™ soybean  mung bean  soybean  mungbean  soybean = mung bean
1 + - + + + + - +
2 + - + + + + - +
3 + - + + + + - +
4 + - + + + + - +
5 + - + + - + - +
6 + - + + - + - +
7 + - + + - + - +
8 + - + + - + - +
9 + - + + - + - +
10 + - + + - + - +
11 + - + + - - - +
12 + - - - - - - +
Total 12 0 11 11 4 10 0 12

* + means nodule, - means without nodule
** Hypothetical result means ground nuts grown with rhizobial inoculant and produce nodules.

*** Negative control means ground nuts grown without rhizobial inoculant
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Table 8 Validation of quantity and efficiency method for rhizobium in soybean’s rhizobium

biofertilizer

Responses Reference method positive (R+) Reference method negative (R-)
Test kit positive (A+) +/+ Positive Agreement (PA) = 36 -/+ Positive Deviation (PD) = 0
Test kit negative (A-) +/- Negative Deviation (ND) = 0 -/- Negative Agreement (NA) = 72

when N = total number of samples (NA + PA + PD + ND) = 72+36+0+0 = 108
N- = total number of samples which had negative result (NA + PD) = 72+0 = 72
N+ = total number of samples which had positive result (PA + ND) = 36+0 = 36
Relative Accuracy = (PA+NA)/N x100 = (36+72)/108 x 100 = 100.00
Relative Specificity = (NA/N-) x100 = 72/(0+72) x 100 = 100.00
Relative sensitivity = (PA/N+) x100 = 36/(36+0) x 100 = 100.00

Table 9 Validation of quantity and efficiency method for rhizobium in mung bean’s rhizobium

biofertilizer

Responses Reference method positive (R+) Reference method negative (R-)
Test kit positive (A+) +/+ Positive Agreement (PA) = 36  -/+ Positive Deviation (PD) = 31
Test kit negative (A-) +/- Negative Deviation (ND) = 0 -/- Negative Agreement (NA) = 41

when N means total number of samples (NA + PA + PD + ND) = 36+31+0+41 = 108
N- means total number of samples which had negative result (NA + PD) = 31441 = 72
N+ means total number of samples which had positive result (PA + ND) = 36+0 = 36
Relative Accuracy means (PA+NA)/N x100 = (36+41)/108 x 100 = 71.30
Relative Specificity means (NA/N-) x100 = (41/72) x 100 = 56.94
Relative sensitivity means (PA/N+) x100 = (36/36) x 100 = 100.00



Table 10 Validation of quantity and efficiency method for rhizobium in ground nut’s rhizobium

biofertilizer

Responses Reference method positive (R+) Reference method negative (R-)
Test kit positive (A+) +/+ Positive Agreement (PA) = 36 -/+ Positive Deviation (PD) = 33
Test kit negative (A-) +/- Negative Deviation (ND) = 0 -/- Negative Agreement (NA) = 39

when N means total number of samples (NA + PA + PD + ND) = 39+36+33+0 = 108
N- means total number of samples which had negative result (NA + PD) = 39+33 = 72
N+ means total number of samples which had positive result (PA + ND) = 36+0 = 36
Relative Accuracy means (PA+NA)/N x100 = (36+39)/108 x 100 = 69.44
Relative Specificity means (NA/N-) x100 = 39/(33+39) x 100 = 54.16
Relative sensitivity means (PA/N+) x100 = 36/(36+0) x 100 = 100.00
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