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1. Legunes production and potential of |egune
I nocul ati on

Legunes are traditional crops <cultivated in
Vietnam and play an inportant role in Vietnams
agricultural system Legunes group are very various

and divided follow : G oundnut, soybean and ot her
| egunmes (nungbean, black bean, red bean, white bean,
| i va beans green peas.... Legunes which have short -

term growh, adopted ability appreciate with nmany
kinds of cultivation are cropped all over provinces
in Vietnam There are 6 legune cultivated zones in
the country, depended on the soil type, climtic
condition and production tradition. The current
status of |egune production in Vietnam showed in
table 1.

Table 1: Legune production in different cultivated
zones (1998)

No | Cultivated G oundnut Soybean O her | egunes
zones Area | Yiel |Product | Area | Yiel [Product | Area | Yi el | Product
d i on d i on d i on
North 42,2 110,3| 43,6 |54,6| 8,6 46,4 | 27,8 6,7 17
nmount ai ns

and m dl and

Red river|23,5(15,1| 35,6 |24,5]|13,5 3,3 10,01 7,7 7,7
delta

North mddle|71,1|13,1| 93,4 3,3 /10,0 3,3 30,8 3,4 10,5
Vi et nam

Coastal area|28,9|13,0| 37,5 3,6 | 15,3 55 14,4 | 8,0 11,5

of Sout h

m ddl e VN

High land of | 16,8 |10,2 | 18,9 12 8,8 10,6 [39,7] 5,1 20, 3
Tay Nguyen

Sout heast VN| 68,8 (18,2 | 125,0 | 15,3 | 8,4 12,8 (77,4 | 5,7 44, 3
Cuul ong 16,3 (19,6 | 32,0 |14,5|20,5| 29,7 |21,4|15,5| 33,2
delta

Tot al 269 | 14,3 | 386,0 | 127, | 11,1 | 141,3 | 221, | 6,5 | 144,1




Area in 1000ha
Producti on 1000t onnes/ year

The

dat es

Yield in quintal/ha

I ndi cat es

soybean and groundnut

i n Vietnam has

years, caused by expanding the cultivated area and
I ncreasing the legune yield. However |egune yields
in Vietnam remain low in conparation to those in
other Asian countries where soil and «climatic
conditions are simlar. So in Vietnamthe potentia

of | egume  production is very |large. Vi et nam
Agri cul tural science Institute (VASI) has been
nom nated by the Vietnanese governnent as the

coordi nat or of

gr oundnut
2001- 2005.

t hat
the nmin

t he

production of

| egune crops grow ng
I ncreased continuously in the past

5

two projects on inproving soybean and

production

in Vietnam during
Legune cultivation area w |

the period
be expanded

In the next 5 to 10 years and see in the table 2.

Table 2 : Plan for | egune production in Vietnam
Year G oundnut Soybean
Ar ea Yield | Product Area Yield | Product
1 on 1 on
2001 | 250.000 | 15.0 375.00 | 130.000 | 12.5 187.5
2005 |330.000| 18.0 700. 00 | 500. 000 18 902.0
2010 - 700. 000 - -
Research , developnent and dissem nation of
advanced «cultivation technology to achieve high
| egune yields and reduce production cost are the
wish of all Vietnanese agricultural scientists and
farmers. Legune inoculation is one of the ways to
neet those challenges. The Research on rhizobium
synbi osis has been carried out in Vietnam for nore

than 20 years but the inoculant's

limted

production 1is

2. Research of |egune inoculation in Vietnam

2.1. Using N — Techni que
Bradyr hi zobiial strains

in the selection of

The
in sterile sand -

10 Bradyrhizobial strains are used to test.

pot experinents were carried out
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soil at VASI. The biological activity of rhizobial
strains is neasured by gas — chromatography and *°N
At om excess in plant by Em ssion — spectroneter. The
results of reasearch are presented in the table 3, 4
and 5. They showed, that all strains have ability to
nodul ate on groundnut 1686. So the strains THA 201,
and TL 3-1 have not only higest ARA (3.933-5.513)
nmol h'pot™™ better dry biomas and higher total
plant nitrogen content. Goundnut 1686 (60 days
after sowing) derived 18,2 — 24,7% of total plant
nitrogen fromN, — fixation of Bradyrhizobi um

Table 3. ARA activity of Bradyrhizobi um Strains

No Treat ments ARA activity Pl ant dry
(nmol / pl ant/ mat t er
hour (g/ pot)
1 MAR 377 1920. 4 3,90
2 TAL 1000 247. 8 3,18
3 TAL 236 3933.4 3,87
4 NC -92 (I1C 672.7 3,60
7001)
5 | G- 7029 1207.9 4,55
6 5a/ 70 (IC - 495. 6 3,55
7017)
7 98 123.9 3,78
8 THA 201 5513.0 4, 38
9 TL 6-2 997. 8 4,17
10 |TL 3-1 4970. 2 4, 97
11 | Control (non- 0.0 2,37
I noc)
LSD 0, 05 2663. 6 0, 77

Tabl e 4. Plant nirogen content of inocul ated
groundnut 1686

No Tr eat ment Pl ant nitrogen content
(% (mg/ pot)

1. MAR 377 2,21 86, 17

2. TAL 1000 2,77 87, 94

3. TAL 236 2,35 01, 06

4, NC — 92 (IC - 2,63 94, 68
7001)

5. IC - 7029 2,02 91, 93

6. 5a / 70 (IC - 2,13 71, 36
7017




7. 98 2,41 90, 97
8. THA 201 2,07 89, 01
9. TL 6-2 2,24 93, 33
10. TL 3-1 2,07 102, 8
11. Cont r ol 2,18 66, 12

LSD 0, 24 18, 45

Table 5: N,-fixing activity of 5 Rhizobium strains

No | Tr eat men Pl ant Ration of °N N- fixing
ts Ni trogen |enrichted and total activity
(nmg/ pot) pl ant nitrogen (% |(ng/ pot
content (% )
1. |Control 51, 67 0, 285 - 18, 2
2. |MAR 337 86, 17 0, 225 21,1 21,7
3. |TAL 1000 87, 94 0, 215 24, 6 24, 2
4. |[NC - 92 94, 68 0, 212 25, 6 24,6
5. 198 90, 97 0, 208 27,0 24,7
6. |THA 201 89, 01 0, 206 27,7
LSD 0, 05 18, 45

2.2. Studying on the Rhizobial inoculant production

Carrier plays an inportant role I n survive
and biological activity conservation of shizobia in
the preparation. So liquid and solid fornul ati ons of
Rhi zobi al inocul ant are studyed. Bacteriumis growth
in manitol years extract (YMB), G and G nedium
For the solid formulation Bradyrhizobium bionas are
Injected in sterile peat packages. The inocul ants
are preserved for 6 nonths. The result of liquid
formulation is presented in the table 6. The date
showed that the survival of different rhizobium

strains in liquid and solid fornulation are
different & & G nedium can be used for sone
rhi zobium strains, but not for all, i1t should be

tested new nedi um for new trains.




Tabl e 6: Survi val

solid inoculant formul ati ons

of Bradyrhizobiumin |Iiquid and

Preserv |Rhi zobi Rhi zobi um densities (CFU g/ m )
ati on um &b €3] YMB America|Vi et nam
Ti ne strains n Peat
peat
132 5,00 | 8,50 1, 69 1,20 |1, 32*10
0 h 133 x10° 10° *10° *10° o
57 2,43 * | 5,48 8, 60 1,76 |1, 75*10
10° 10° *10° *10° o
1,28 * | 9, 40 7,10%10|9, 40*10| 9, 40
10° 10° 8 8 *108
132 6,20 * | 2,12 1,80 * [9,20*10|1, 00*10
2 weeks 133 10° 10° 10° o o
57 4,80 * | 8,50 1,16 |[3,04*10|1, 40*10
10° 10° *10° o o
14,6 * | 6, 60 1,31 |[3,70*10|8, 70*10
10° 10° *10° 8 8
132 5,60 * | 1,41 1,41 |7,40*10|2, 54*10
1 nonth| 133 10° 10° *10° o o
57 2,59 * [ 1,11 1,53 |[2,07*10|1, 38*10
10° 10° *10° o o
9,8 * | 2,32 9,30 |2,18*10/1, 89*10
108 10° *10° 8 8
132 3,12 * | 1,36 5,56*10|7,80*10 |1, 81*10
2 month| 133 10° 10° 8 o °
57 2,80 * - 7,80 |2,72*102, 76*10
10° 7, 80 *108 o 8
8,10 * 10° 6,70 |6,90*10 |6, 06*10
108 *107 8 8
132 2,15 * | 1,25 5,60*10|2, 00*10 |1, 56*10
3 nonth 133 10° 10° 8 o o
57 8,75 * - 1, 78*10 |4, 80*10 |1, 32*10
10° 5,70 8 o 8
9,4 * *10° 3, 87 5,40 |1,00*10
10° 10’ *108 8
132 1,39 * 1, 38 2,28 [3,00%10/1, 33*10
6 month| 133 108 *108 *108 8 8
57 5,50 * - 5,610%10|2,10*10 |1, 21*10
107 8, 40 ! 8 8
2,26 * *10* 9, 60 3, 60 1, 20
10° *10° *108 *108

In collaboration wth
Atom ¢ Techni que

| nstitute,

5

the Radiative Centre of

the National Institute




has studied 3 different
met hod for carrier steli zing. Effects of
irradiation in the carrier proccesing and survive of
Rhi zobi um can be see in the tables 7 and 8. Wth the
I rradi ati on dosage of 25 KGy peat can used as steril
carrier for the rhizobial inoculant (table 7). The
density of Rhizobium japonicum in the peat carrier
based irradiated at 30KGy after for nonths of
as conpared wth

of Agricultural Science

storage in P.E bags were 3,7.10%g,
1,05 x 10% g when sterilizing by dry hot

gas and

1,15.10% g sterilizing by saturated steam (table 8).

Table 7: Effect of

sterilization of peat carrier

I rradi ati ve dosage on the

Irradi ative Total aerobic Total nold
dosage x 1000/ g x 1000/ g
(k&)

0 200 +++
15 0, 14 0, 03
25 0, 05 0, 00
35 0, 04 0, 00
45 0, 02 0, 00

Table 8: Effect of carrier

sterilized nethod to

surveying rate of bradyrhizobi um japonicumin

nitragin
Carrier sterilized| Survival of Bradyrhizobiumin the peat
net hod carrier based inoculant in the storage
of ( 10® CFU g)
2 hour 1 2 3 6 nonth
nont h nont h nont h
Non — sterilize 2,5 24,0 0,1 0,1 -
Dry hot gas 27 26, 0 25,0 20,0 10,5
Sat urated steam 2,5 25,0 25,5 23,0 11,5
Gammar irradiation 2,4 40,0 45,0 47,0 37,0

Dry hot gas 165°C in 4 hours
Saturated steam 1,5atmin 2 hours
I rradi ati ve dosage 30 KGy




2.3. Field testing of Rhizobial inoculant in
different localities

To determ ne the need for and potential benefits
of rhizobial inoculation of legunes in the different
regions of Vietnam experinents were conducted in
the sonme provinces over country. The main objective
of the research on Rhizobial inoculant has been on
the effect legune crop yield, return on investnent
and the nitrogen replacenent by Rhizobial inoculant.
The result of denonstration showed in the absence of
I nocul ation, the farnmer would have to supply the
crop wth substantial amounts of fertilizer N

Table 9: Effects of inoculant fornulations on soybean in
new cul tivated acrisol at
Cu Chi - Ho Chi Mnh City

Tr eat ment Nodul e Nodul e |Shoot DM| Grain
no. / w / (t/ha) yi el d
Pl ant pl ant (t/ ha)
(o)

1. Uni nocul ated, ON 1 25 50 1.67

2. Uni nocul at ed, 1 6 6.1 1.81

40N

3. Liquid inocul ant 12 280 7.1 1.96

G

4. Liquid inocul ant 20 401 8.4 2.12

6

5. Peat i nocul ant 16 351 7.9 2.00

using Gb

6. Peat inocul ant 21 414 7.5 2.18

using G6

7. Peat inocul ant 21 353 8.1 2.24

usi ng YMB

LSD (P = 0.05) 3 36 0.8 0. 20




Pi chturel: Sone cultivated zone where Rhizobi al
i nocul ant i s tested

LEEE




Tabl e 10: Effects of i1inoculant fornulation on N and
N, fixation of soybean on

new cultivated acrisol at Cu Chi -
Ho Chi Mnh Gty

Tr eat ment Shoot N| Gain N| % Ndfa Crop N
(kg/ ha) | (kg/ ha) fixed?
(kg/ ha)
1. Uninocul ated, ON 124 71 18 33
2. Uni nocul at ed, 126 87 * *
40N
3. Liquid inocul ant 209 103 35 110
Gb
4. Liquid inocul ant 283 114 48 204
&
5. Peat i nocul ant 276 111 41 170
using Gb
6. Peat inocul ant 284 122 51 217
using G6
7. Peat inocul ant 262 110 47 184
usi ng YMB
LSD (P = 0.05) 54 13 9 60

crop N = shoot Nx 1.5 to account for bel ow — ground
N

The table 9 and 10 showed Nodul ation, shoot dry
matters, grain yield % N dfa responded strongly to
| nocul ati on. Shoot DM increased of 42-68 % Gain
yield was inproved by 17-34% The % dfa val ues were
18% for unioculat plant and in 35-51% for the
I noculated plants. The diffirences in shoot N
contents and % Ndfa values between inoculated and
uni nocul ated plots conpounded to generate evn | ager
diffirences in crop N fixed. It was 33 Kg NV ha for
uni nocul ated and 110-217 Kg N ha for the inocul at ed.

There were no difference beween the & &&
formulations, no differences between liquid and
peat - based inoculaion. So can use broth liquid and
peat inocul aion for |egune.

Table 11: Inoculation and fertilizer N effects on
soybean grown in a new
soybean cultivated area of Dong Nai

provi nce



I nocul ati o | Nodul ati on | Nodul ati on | Shoot DM G ain
n/ (no/ (g fresh (t/ ha) yield
fertilizer pl ant) wt/ plant) (t/ ha)
N

+ inoc 19 1.44 7.85 1.20

- inoc 11 1.14 7.43 1.09
ON 11 0.78 5. 68 0.70
20N 17 1.57 9. 65 1.36
40N 17 1.51 9. 27 1.37

Al t hough this |and has not been planted soybean
bef ore r oot nodul es wer e abundant I n t he
uni nocul ated plots caused there were natural
Brandyr hi zobium strain in the soil.The inoculated
pl ants have nodulation, shoot DM and grain yield
values were simlar when applied urea at 20 kgN ha
and hi gher when uni nocul at ed

Table 12: N-fixation capability of Rhizobium in
different fertilizers application

met hod on nmungbean grown in Dong
Nai and Tay N nh provinces

Nodul e nunber / pl ant Nodul e nmass (g/5
Cul tivar pl ant s)
Site 2 | Site 6 | Site 3 | Site 2 |Site 6 | Site 3
Fe Ferral s |Acri sol Fe Ferral s |Acri sol
| uvi sol ol Luvi sol ol
FP + N-inoc 24 2. 6" 13.2 0.17 n.d. n. d.
FP-N- i noc 35 2.5 15.7 0.31 n. d. n. d.
FP- N+049 29 2.7 14. 2 0.24 n. d. n. d.
FP- N+CB1015 34 2.5 16. 7 0. 28 n. d. n. d.
OF- N+CB1015 35 2.7 15.7 0.28 n. d. n. d.
FP- farmer practice; OF — optinum fertilizer, n.d.
not done
Table 13: The effect of rhizobial inoculation and

fertilizer application on
mungbean in Dong Nai and Tay N nh
provi nces

| Shoot DM (t/ ha) |  Gain yield (t/ha)
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Cul tivar Site 2 | Site 6 | Site 3| Site 2 | Site 6 | Site 3
Fe Ferral s |Acri sol Fe Ferral s |Acri sol
| uvi sol ol Luvi sol ol
FP + N- 7. 20 2.88 9.14 1.70 0. 83 0. 90
I noc
FP-N- i noc 6. 10 2.40 7.78 1.32 0.81 0.94
FP- N+049 5.83 2.83 9.47 1.45 0. 89 0. 98
FP- 5.95 2.33 8. 36 1.48 0. 80 0. 90
N+CB1015
OF- 6. 00 2.25 7.91 1.35 0. 69 0. 85
N+CB1015
Lsb (P =| 1.23 n.s. 1.14 n.s. n.s. n.s
0. 05)
FP- farnmer practice ; OF — optinmumfertilizer
The data of table 12 and 13 showed that
Rhi zobial inoculation had Ilittle effect on the
nodul ation, vyield and N2-fixation of nungbean.
Responses to the inoculation were small and
I nconsistent with strain 049 slightly better than
CB1015. Uni nocul ated plants of nungbean were well
nodulated at the three sites experinent, caused
natural i sed Rhizobia were in these soils, perhap
resulting from long ogo cultivation of the |egunes,
or from natural contam nation of the soil via rater
and wi nd novenent.
Table 14: N-fixation capability of Rhizobium in

different fertilizer application
Met hod on soybean
Dong Thap provi nces

in Vinh Long and

Treat ments Nodul e wei ght (ng/pl ant)

Vi nh Long | Dong Thap | Dong Thap | Dong Thap

1 2 3

1. FPON- 0 a 29 a 0 a 5 a
I noc
2. FP+N-inoc 0 a 25 a 0 a 8 a
3. FP+CB1809 174 b 221 ¢ 23 b 192 b
4. FP+l ocal 140 b 183 bc 21 b 133 b
strain
5. OP+CB1809 215 b 158 b 27 b 158 b
CV (% 58 30 31 45
Table 15: N-fixation capability of Rhizobium in

different fertilizer application
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method on groundnut in Long An
provi nce and soybean in Vinh Long
and Dong Thap provinces
Treat nent s Pod yield (t/ha)
Long An|Long An| Vinh Dong Dong Dong
1 2 Long Thap 1 | Thap 2 | Thap 3
(AN | (&Y (SB)® | (SB) (SB) (SB)
1. FPON-| 3.90 a [ 3.13 a [ 3.32 a |2.37 a | 0.81 a|1l.34 a
I noc
2. FP+tN-inoc| 4.31 a |3.48 bc|4.35 b | 3.12 b |1.18 b | 1.73 b
3. FP+CB1809| 4.55 b |3.83 ¢cd|4.20 b | 3.04 b |1.29 b |1.62 b
4. FP+local | 5.56 b ([3.83 cd| 4.16 b |[2.75 ab| 1.26 b | 1.70 b
strain
5. OP+CB1809| 5.76 b | 4.23 d | 4.33 b | 3.07 b |1.30b |1.70 b
CV (9N 11 3 5 9 7 8

AGN = groundnut

°SB = soybean

The result fromtable 14 and 15 suggested there
was no differences in nodulating ability between the

| ocal

strain and the inported strain.

Nodul e

mass, assessed for soybean only,reflected the

difference in size of the nodules forned by the

I ndi denous rhizobia in the uninocul ated plots and

t hose fornmed by the inocul ant

The enhanced nodul ati on of

was reflected in higher

Over al |

Treatnment 3 and 4 were i nternedi ate between
treatnent 5 and the two uni nocul ated treat nent.

rhizobia ( table 14).

| nocul ated groundnut
pod yields (table 15 ).
treatnent 5 produced the hi ghest yield,

Table 16: Effects of Rhizobial inoculation and
fertilizer application on N
fixing and growh of groundnut in
Hoa bi nh province
No |[Treat nent | No. Nodul Nodul e Wi ght Pl ant Wi ght
( Nodul e/ Fresh Dry Fresh Dry
plant) |((g/plant)|(g/pla|(g/plant |(g/pla
nt) ) nt)
1 S1L1 72.3 0. 124 0. 056 40. 21 10. 18
2 S1L2 70 0.138 0. 055 32.61 8.61
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3 S2L1 55.3 0. 097 0. 044 35.9 10. 46
4 S2L2 60. 8 0. 124 0. 051 34.12 9.4
5 S3L1 58.1 0. 115 0. 047 32.7 8.7
6 S3L2 52 0.129 0. 05 27. 22 7.26
7 Cont r ol 49. 8 0.12 0. 041 25.78 6. 842
Table 17: Effects of Rhizobial inoculation and
fertilizer application on
gromh and yield of groundnut in

Hoa bi nh province

No. Tr eat ment Pod Bi omass/ ha
yi el d/ ha (ton)
(ton)
1 SiL1 3.352 5694
2 S1L2 3. 4997 5013
3 S2L1 3. 0447 5098
4 S2L.2 2.97 4997
5 S3L1 3. 052 3813
6 S3L2 3.2073 4204
7 Cont r ol 2.745 3498
LSD( 5% 0. 2854 1.3994
LSD( 1% 0. 396 1.9421

Not e: S1: No Rhizobi um+30N+10 tans FYM+90 P2C6+60 K20+500 kg

Li me

S2: Rhi zobi um+30N+10 tans FYMHO0 P206+60 K20+500 kg Line
S3: Rhi zobi umt15N+10 tans FYM+90 P205+60 K20+500 kg Line

L1: Multi
L2: Multi mcro- el enent
Table 18: Ef f ects

m cro- el enent

of Rhi zobi al

fertilizer application on

i nocul ati on

Fertilizer (Com x)
Fertilizer (G ow nore)

and

soybean in Hoa binh province.
Tr eane yield plot? yield hat (kg) Bi omass ha?!
nt (kg) (kg)
1 2 3 1 2 3 1 2 3
Sk 1,03 (1,50 0,90 | 1717 | 2500 | 1500 | 3005 | 2987 | 3388
Siko 0,82 10,91 | 0,87 | 1367 | 1517 | 1450 | 3163 | 3192 | 3305
Sba 0,65 10,92 | 0,65 | 1083 | 1533 | 1083 | 3157 | 3145 | 3038
SL, 0,94 10,81 | 0,70 | 1567 | 1350 | 1167 | 3045 | 3220 | 3460




CV % 17,1 17,1 3,9
LSDy o5 0, 272 453, 04 218, 51
LSDy o1 0, 387 644, 25 310, 74

St = - inoc + SiLi= - inoc + 30N + Com x + 60P + 60K
30N

S, = + inoc + SiL, = - inoc + 30N +886 + 60P + 60K
30N

Ss = + inoc + S,y = + inoc + 30N + Comix + 60P x 60K
15N

SL, = + inoc + 30N + 886 + 60P + 60K
S;Ly = + inoc + 15N + Com x+ 60P + 60K

SsL, = + inoc + 15N + nodicum 2 + 60P +
60K
The results of experinents conducted in the Hoa
bi nh province showed Rhizobium inoculant can not

only increase nodul ation, nodul e wei ght, pl ant
wei ght but also increase pod yield and bionass of
groundnut and soybean. In conbination with an N

fertiliser dose of 15 Kg/ha Rhizobium inocul ant has
the sane yield as an N fertiliser dose 30 Kg/ha It
was found that inoculated for |egunes can replace
about nore 15 KgN ha of urea fertiliser.

3. Concl usi ons:

Vi etnam cultivates about 700,000 ha of | egunes
annually, equally distributed between the north and
the south of the country. Production is about
700,000 t (worth A$350 mllion). None of the crops
are inoculated and all are fertilized wth 30-150
kg/ha at a cost to the farners of A$50-60 mllion
annually. It would appear to be an unnecessay cost
and one that could be substantially reduced if the
practice of applying fertilizer N wase replaced by
practice of inoculation. The cost of the later would
be in the order of US$ 1 mllion annually.

For inoculation to becone a reality inoculate
woul d need to be as readity available in the market

14



place as fertilizer N and farmer would need to be
educated in their wuse, just as they are educated
about wusing fertilizer and chemcal. Not every
| egunme crop would need to be inoculated. In many
of the established |egune areas in the country, the
naturalised rhizobial already present in the soil
woul d be adequate. In other areas, hower ver,
I nocul ation would have clear economc benefits So
extension prograns require information on the val ue,
application and nmarketing of inoculants to farners.
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