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Abstract

Farmers apply more fertilizer than the recommanded level for the
vegetable soybean. As g result,the fammers investment on fertilizer
increases cost of production of vegtable sovbean. fnigh rate of fertilizer
application accelerates the acidification of soil, and excess chemical
fertilizer which is not completely absorbed by the vegetable
soybean pollutes ground water Therefore, the. objective of this
demonstration and extension 18 to guide the farmers to use rhizobia
inoculation instead of high rate of chernical fertilizer for cultivation of
vegetable soybean, with reduced rate of niltrugen fertilizer application for
the vegetable soybean fields.The results of this demonstration and
extension were as follows : The effective nodule number and nodule ratio
of vegetable sovbean tended to increase with rhizobfa inoculation,but they
also decreased with the increase in nitrogen applir:atis:rn.Therefme,a
judicious application of fertilizer with rthizebiai inoculation is
recommended.

The plant height was not increased by rhizobia inoculation and the
rhizobia inoculation increased graded pod weight per plant,

In spring season of 1988, 1989 and 1990, rhizobia inoculation with 20
g2l ko/hga nitrogen as basal application or top dressed at 20 DAS
increased graded pod yield by 14.3%, 22.7% more than farmers practice but
fertilizer cost was reduced by US$225/ha US$140/ha  and USS8129/ha, as well
as the profit increased by USS$503/ha USS524/ha and US%49]1 /ha
respectively. In autumn of 1988 and 1989, rhizobia inoculation. and 20
kg/ha of nitrogen as basal dressing increased graded pod vyield 18.2% and
15.2% more than farmers practice while the fertilizer cost was reduced by
US$214/ha and US8140/ha, as well as the profit increased by USS504/ha
and US$568/ha respectively.

Further analysis of variance for pod yield showed that the
difference between with rhizibia inoculation and without rhizobia
Inoculation were significant.

Due to the effectiveness of rhizobia inoculation in the demonstration
the extension of the technology was smooth and successful. Area inoculated

Ei_tﬂ_rbi_z_glgi@__;gg;ge_e_;_siq_fmm 900 ha in 1988 to 2,720 ha in 1990,

15 Asaf::ciate Agrononmist and forrmer Director, Kaohsiung District
Agricultyal Improvement Station.
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Introduction

Vegetable sovbeans are those which are harvested as green

hetween R6 and before R7 growth stage.ts growth period
~ies with varieties and planting seasons.For the presently
ctivated variety,growth period ranges from 70-80 days 1n spring
cnson.and 65-70days in autumn season.Because the growth period
7 vegetable soybean is short,and the profit is more than that of
other grain crops like adzuki bean,corn and peanut,the vegetable
sovbean area has rapidly increased from 5,012 ha in 1983 to i & A
ha in 1988(3).In just five years,vegetable soybean has thus become
one of the major economic crop in southern Taiwan.

In the past,the vegetable soybean commonly cultivated was
selected from grain soybean variety which produces bigger seeds,
and the management practices were also same as that for grain
soyhean. However, due to the development of new vegetable
soybean cultivars in recent years, there is a need to conduct
research on appropriate fertilizer management for vegetable
soy bean.

In recent yvears,vegetable soybean produced in Taiwan 1is
frozen and then exported to Japan,and thus has gradually become
an important processed vegetable (8). High quality 1s an essential
requirement for Japanese market. Therefore, to eater to the needs
of the market, all ¢iforts need to be made to improve vegetable
soybeans qualitics, such as appearance, texture and flavor,all based
on the criteria of Japanese companies. In appearance, the standard
graded pods should contain two or more seeds with pod length of
45 cm and width of 1.3 cm, and be fresh green in color, and pod
weight of 515 grams should be composed of less than 175 pods
(2,4, and 8). In view of the fact that both quantity and quality of
pods are important components to increase the profit of vegetable
soybean, much attention is paid to improve the quality through

cultural practices, such as, irrigation, harvest time, fertilizer
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management, planting time, etc. Generally, farmers who grow
vegetable sovbean are controlled by the merchants ; therefore, the
amount of fertilizer applied is decided by the merchants,
According to a survey of farmers fertilizer application amount in
vegetable soybean production ares In Southern Taiwan.the
fertilizer application rate was found to be much higher than the

recommended rate (N-P;05-K,0 = 60-60-60 kg/ha). For

example, the increase was 18-37 18—30 and 14—27 times for N, P, O,
and K,O, respectively (4). Apparently, farmers Investiment on
fertilizer cost for the cultivation of vegetable soybean was
considerable. Such high rate of fertilizer application accelerate the
acidification of soil, and excess chemical fertilizers that can not
be completely absorbed by crops will pollute ground water.
Therefore, the objective of this demonstration and extension is to
urgently guide farmers to use rhizobig Inoculation instead of high
rate of chemical fertilizer for cultivation of vegetable soybean,
especlally reduced rate of nitrogen fertilizer application for the

vegetable soybean fields.

Materials and Methods

The observation trials were conducted in spring 1988 at two
locations,in autumn 1988 at s1X locations in spring 1989 at six
locations in autumn 1989 at s1X locations and in spring 1990 at six
locations. The main plot consisted of cultivars,tzuzunoko (205)and
Kaohsiung Selection No.l,whereas the subplot consists of N
application rate with rhizobia inoculation (details as shown in
Tables 1 and 2). The plot area of observation field for each
treatment was 100 square meter. The demonstrations were carried
out during the same seasons and same places as the observation
fields but the area of demonstration plots was much larger than
observation plots. There were 10 hectares for each demonstration
field and 9.95 hectare inoculated with rhizobia with fertilizer
abplication and 0.05 hectare without rhizobia inoculation with

fertilizer asg per farmers technique. The brady rhizobium japonicum

pasiiused for all the demonstration and extension which were
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Tahle 1. The treatments of N fertilizer rate with Rhizobia Inoculation (Spring,

1988) e e e "
*»Icun plot: 2 cultivars
‘tzuzunoko dﬂjﬁ [)
Kaohsiung Selection No. 1 (VZ)
Sub-plot: Chemical fertlhmtmn and Rhizobia Inoc ulation
TR Fhmmca} ferh izer Rhizobia Inoculation

?x‘ F’?E}} K20

| Commonly used by farmers* Without
2 ) 63 60 With
3 21 63 60 With

sFyneriments were conducted at Chao-Cho 2 locations.
N-P20s5-K20 pilied by the two farmers were 187-74-102, and 282-272-208 kg/ha,

respectively.

Table . 'te treatments of N fertilizer rate with Rhizobia Inoculation (autumn 1983
& 1989 and spring 1989 & 1990).
Main-plot: 2 cultivars

tzuzunoko EUD{‘JI]
Kfmhsmng Selection No. 1 (VE]

Suhb-plot: Chemical fertilization an_r;l___litigg_::_:-]:_:@ [noculation
E_ht_'mmdl fertlh?er Rhizobia Inoculation
N P2ds K20
Commonly used by farmers® Without
2 60 60 60 Without
3 0 60 60 Without
4 0 60 60 With
B 20 60 60 : With
§ wE () 60 60 With
¥ Experiments were conducted at 6 locations in both seasons;

N.P20s and K20 applied by the six farmers ranged from 144-200, 148-180, and 72-226
kg/ha in autumn 1988 & 1989, and from 75-124, 42-321, and 96-208 kg/ha in spring

1989 & 1990, respetively.

o N applied as top-dressing.
#%* N applied as basal

Table 3. The effect of N application rate and Rhizobia Inoculation on nodule number
(autumn 1988).

Treatment Nodule No. at 30 DAS Nodule No. at 45 DAS
N-P205-K20 (kg/ha) Total Available Ratio Total Available Ratio
(%) [%)
1Farm3rappl1ed14961 e e T 1
2.60-60-60 14.3 6.1 42.7 161 38 ol
3.0-60-60 A 100 45.3 20.3 6.7 32.8
4.0-60-60+R1 198 10.0 50.4 21.9 8.1 369
0.20T-60-60+R1 21.2 117 5.3 20.7 7al 344
6.20B-60-60+R1 182 10.0 5.0 20.2 L 358
* RI:Rhizobia Inoculation DHS: days after sowing
* In treatment 1, the N, P, C Kg O applied by farmers ranged from 144-200, 145-180,

and 72-226 kg/ha, respeci we
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supplied by Dr.Chiu-Chung Young,the professor of National Chung
Hsin University. The reduction in fertilizer cost and the increase

in profit were determined.

Results and Discussions

Effects of Rhizobia Inoculation and N Application on Noduyle

Number and Effective Nodule Ratio

Eiffective nodule number and nodule ratio of vegetable
soybean tended to increase with rhizobia inoculation,but they also
decreased with the increase in nitrogen application (Table
3)Survey of seven locations in 1988 autumn season at thirty days
after sowing (DAS)indicated that the effective nodule ratio with
rhizobia inoculation and 20 kg/ha of Ntop-dressing was
highest,1.e.,50.3% ,which was 14.6% higher than farmers’ common
practice (treatment l)and 12.6% higher than the check plot (N-P,0.-
K,0=60-60-60 kg/ha). However, effective nodule number at 45 DAS
was highest in treatment with rhizobia inoculation plus P and K
application only (N-P;0:-K,0=0-60-60 kg/ha). Obviously, effective
nodule number gradually decreased after additional N top-dressing.
Kao (1984) pointed out that applying 20-50 kg/ha of nitrogen
resulted in dark green leaf color,poor nodule number and low
effective nodule ratio (7). Wang et al (1988) reported that rhizobia
inoculation without nitrogen application had 30 times higher
nodule number than that without inoculation.However,with 40
kg/ha of nitrogen application and rhizobia inoculatin nodule
number increased by 14 times only,which is significantly less than
inoculation without N application (9). Hung (1991) also showed that
nodules in tréatment with rhizobia inoculation and without N
application were more in number,large sized and heavier,but with
nitrogen application,nodules were smaller in number,size and
lighter in weight,and the number decreased with increase in

nitrogen application (5
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Effect of Rhizobia Inoculation and N Application on Plant Height
and Numbers of Graded Pod per Plant

The plant height was not increased by rhizobia
inoculation.The results showed that the tre.atmc-:nt N-P,05-K;
O=0-60-60, without rhizobia inoculation gave the highest plant
height.ln comparing treatment 3 with treatment 4 in the same
fertilizer application rate but different in rhizobia inoculation and
without rhizobia inoculation, the plant height of treatment 3 was
higher than treatment 4 at spring season 1989 and spring season
1990 respectively (Table 4).Even with increased nitrogen
application,the plant height did not increase. The rhizobia
inoculation increased graded pod weight per plant.When applied
with 20 kg/ha nitrogen applied as basal or top dressing with
rhizobia 1noculation the graded pod weight were 19% and 21%
increased compared with farmers’practice respectively. When
phosphorus and potassium alone were applied with rhizobia
inoculation the graded pod weight increased by 17% compared with

tarmer's practice (Table 5).

Table 4. The effect of N application rate and Rhizobia Inoculation on plant height
(soring 1989 and spring 1990).

Preatmarit Plant height (cm) S
N-P2 05-Kz O Spring 1989 Spring 1990
(kg/ha) Yen- Mei- Mei- Mean Wan Kating Mei- Mei- Likan Kao- Mean
pu long long dan long long shu

1 @) 1) (2)

. Farmer applied sl s of 2 M T 3160 S 282 PRI 326 5 3L 332 295 | 305
. 60-60-60 oz 86l 380 d41 205 o032 317 289 304 322 305

]

2

3. 0-60-60 47 378 343 356 335 306 313 323 296 2983 N2

4. 0-60-60+RI Ja.2: 1382, 349 354, 299 281 305 307 334 273 303

5. 20T-60-60+R1I L8 oG5 AR SR ST 300 ag A =050 31T 2800 203

6. 20B-60-60+RI 332381 336 3HBO 320 2800 340 238 323 297 300
* RI: Rhizobia Inoculation T: Top-dressing B: Basal

** In treatment 1, the N, P20s, K2 O applied by farmers ranged from 75-125, 42-321,
and 96-208 kg/ha, respectively.
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Table 5. The effect of N application rate and Rhizobia Inoculation on graded pod
weight (spring 1989).

Graded pod weight (g/plant)

Treatment
N-P205-K20 Yenpu Meilong(1) Meilong(2) Mean Index
(kg/ha)

1.Farmer applied 18.0 128 13.7 144 100
2.60-60-60 158 14.0 18.0 159 107
3.0-60-60 15.0 134 181 155 105
4.0-60-60+RI 186 148 185 17.3 117
5.20T-60-60+RI 185 15.0 19.3 176 119
6.20B-60-60+RI 181 16.5 19.0 179 121

* RI Rhizobia Inoculation T: Top dressing B: Basal
** In treatment 1, the N, P2 Os, K; O applied by farmers ranged from 7o-124, 42-321,
and 96-208 kg/ha, respectively,

Investigation on Graded Pod Yield,Fertilizer Cost and Increase in

Profit by Rhizobia Inoculation

According to the results of three trials in SPpring season
1988,rhizobia inoculation with 21 kg/ha nitrogen as basal
application increased graded pod yield by 14.3% more than the two
farmers common practice. Rhizobia inoculation, the fertilizer cost
1s reduced by USS$255/ha. The profit increased by US$503/ha (Table
6). In 1988 autumn,average graded pod yield of 7 locations, with
rhizobia inoculation and 20 kg/ha of nitrogen as basal dressing
increased 18.2% more than farmers/ practice while the fertilizer
cost 1s reduced by USS$214/ha. The profit increased by USS504/ha
(Table 7). However, rhizobia inoculation alone without nitrogen also
increased profit by US$479/ha.

Table 6. Yield, fertilizer cost and profit increases with N application and rhizobia
inoculation (spring 1988).

Location Treatment Graded Yield Production Fertilizer Return Profit
N-P205-K20 pod yield index  price (A) cost(B) (A-B) increases
(kg/ha) (t/ha) (%) (US&/ha)  (US$/ha) (US$/ha) (US$/ha)
Chacho 1.187-74-102 0.8 100 1,699 213 1,486 0
2.0-63-60 6.0 103 1,752 61 1,684 198
(1) 3.21-63-60 6.7 116 1,749 76 1,873 387
Chacho 1.282-272-208 6.1 100 1,774 448 1,326 0
2.0-63-60 72 118 2,096 61 2,035 709
2) 3.21-63-60 7.0 114 2,022 76 1,946 620
Average l.Farmer applied 60 100 1,737 331 1,406 0
2.0-63-60 6.6 111 1,921 61 1,860 453
3.21-63-60 6.8 114 1,985 76 1,909 o03




Table 7. Yield, fertilizer cost and profit increases with N application and rhizobia
inoculation (autumn 1988).

Treatment Graded™* Yield Production Fertilizer Return Profit
N-P205-Kz2 0 pod yield index price(A) cost(B) (A-B) Increases
(kg /ha) (t/ha) (%) (USS/ha) (US$/ha) (US$/ha) (US$/ha)
l.farmer applied 5.2 100 1595 287 1308 0
2.60-60-60 5.3 103 1647 101 1546 238
3.0-60-60 49 95 1518 59 1459 151
4.0-60-60+RI 6.0 116 1846 59 1787 479
5.20T-60-60+RI 5.7 110 1752 73 1679 371
6.20B-60-60+R1 6.1 118 1885 73 1812 504

* RI; Rhizobia Inoculation

** In treatment 1, the N, P20s5, K20 applied by farmers ranged from 144-200, 145-180
and 72-226 kg/ha, respectively.
*** Average data of six locations.

Table 8. Yield, fertilizer cost and profit increases with N application and rhizobia
inoculation (spring 1989).

Treatment Graded** Yield Production Fertilizer Return Profit
N-P205-K20 pod yield index price(A) cost(B) (A-B) increases
(kg/ha) (t/ha) (%) (US$/ha) (USb/ha) (US$/ha) (US$/ha)
l.farmer applied 5.2 100 1696 213 1483 0
2.60-60-60 5.3 103 1748 101 1647 164
3.0-60-60 2.6 109 1846 59 1787 304
4.0-60-60+R1 6.0 116 1969 59 1910 427
0.20T-60-60+RI 6.4 123 2080 73 2007 024
6.20B-60-60+RI 6.2 119 2022 73 1949 466

* RI: Rhizobia Inoculation

** In treatment 1, the N, P20s, K20 applied by farmers ranged from 75-124, 42-321
and 96-208 kg/ha, respectively.
*** Average data of seven locations.

In 1989 spring season,rhizobia inoculation plus 20 kg/ha

nitrogen top-dressed at 20 DAS increased graded pod yield by

22.7% more than farmers practice ; the fertilizer cost was reduced
by US5$140/ha. The profit increased by USS$524/ha (Table 8). In 1989
autumn season, average graded pod yié]d of 6 locations with
rhizobia inoculation and 20 kg/ha of nitrogen as basal dressing
increased 15.2% more than farmerd practice. The fertilizer cost
was reduced by USS$159/ha. The profit increased by
US3568/ha(Table 9). In 1990 spring season, rhizobia inoculation plus
20 kg/ha nitrogen top-dressed at 20 DAS increased graded pod

vield by 22.7% more than farmers practice. The fertilizer cost was

_48_



reduced by US$129/ha. The profit increased by USS491/ha (Table
10).

It was obvious that rhizobia Inoculation produced
significantly higher yield and more benefit than farmers method.
Wang and others confirmed that rhizobia Inoculation can better
ensure the increase in soybean vyield (1,6,10,11,12,13,14).

The demonstration fields were not replicated and therefore
statistical analysis could not be done. Analyzing the coefficient of
variations (C.V.)for the vield data from 7 locations in 1988 autumn
season and 6 locations in 1989 spring season showed thef_t__‘the
C.V.was 10.2% and 11.1% respectively.Further analysis of variance
for pod yield showed that the differences between rhizobia
inoculation and no rhizobia inoculation were significant (Table 11).
Increased income is only one obvious benefit. There are a number
of other hidden benefits from inoculation with rhizobia,for
instance,the soil became acidic due to the application of excessive
chemical fertilizer. This alsc affects the growth and vyields of
following crop and the residual fertilizer also possibly gets
filtered into underground and pollutes ground water. The use of
rhizobia and reduced N application will help avoid the above
undersirable responese. The residue of vegetable soybean plants
applied back to the field could also serve das green manure for

improving soil fertility.

Table 9. Yield, fertilizer cost and profit increase with N application and rhizobia
inoculation (autumn 1989).

Treatment Graded®* Yield Production Fertilizer Return Profit
N-P205-K20 pod yield index price(A) cost(B) (A-B) increases
(kg/ha) (t/ha) (%) (US$/ha) (US$/ha) (US$/ha) (US$/ha)
l.farmer applied 8.2 100 2,697 232 2,465 0
2.60-60-60 8.6 105 2,817 101 2,716 251
3.0-60-60 84 101 2,733 59 2,674 209
4.0-60-60+RI 91 110 2,969 59 2,910 445
0.20T-60-60+R1 93 113 3,047 73 2,974 209
6.20B-60-60+R1 95 115 3,106 73 3,033 268
* RI: Rhizobia Inoculation T: Top dressed B: Basal

** In treatment 1, the N, P20s5, K20 applied by farmers averaged 147, 135, 120 kg/ha
respectively.
*** Average data of six locations.
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Table 10. Yield, fertilizer cost and profit increases with N application and rhizobia
inoculation (spring 1990).

Treatment Graded®™* Yield Production Fertilizer Return Profit
N-P205-K2 0 pod yield index price(A) cost(B) (A-B) increases
(kg/ha) (t/ha) (%) (US$/ha) (US$/ha) (US$/ha) (USH/ha)
1.farmer applied 49 100 1,598 202 1,396 0
2.60-60-60 9.9 108 1,724 101 1,623 221
3.0-60-60 5.3 108 1,732 59 1,673 277
4.0-60-60+R1 5.4 111 1,779 59 1,720 324
5.20T-60-60+RI 6.0 123 1,960 73 1,387 491
6.20B-60-60+RI 5.8 119 1,902 73 1,829 433
+ RI: Rhizobia lnoculation T: Top dressed B: Basal
= [n treatment 1, the N, P20s5, K20 applied by farmers averaged 105, 135, 120 kg/ha
respectively.

##% Average data of sixX locations.

Table 11. The effect of N application rate and rhizobia inoculation on yield of vegetable
soybean in 2 cultivations.

Treatment Autumn 1988, 7 locations Spring 1989, 6 locations
N-P:0: -K: O graded pod yield Yield index graded pod yield Yield index
(kg/ha) (t/ha)** (%) (t/ha)** (%)
1.Farmer applied 52cd™ 103 52¢ 100
2.60-60-60 5.3bcd 103 5.3bc 103
3.0-60-60 49d 95 b.6abc 109
4.0-60-60+RI* 6.0ab 116 6.0ab 116
5.20T-60-60+RI o.7abc 110 6.4a 123
6.20B-60-60+RI 6.1a 118 6.2a 119

* RI: Rhizobia Inoculation

#t [ treatment 1, the N, P20s, K20 applied by farmers ranged from 144-200, 145-180,
and 72-226 kg/ha in autumn 1988, and from 75124, 42-321 and 96-208 kg/ha in spring
1989, respectively.

% Column means followed by the same letter do not differ significantly (p=005)
according to Duncan's multiple-range tent

The Results of Biofertilizer Extension on The Vegetable Soybean

Production and Its Potential in The Future.

Due to the efficiency of rhizobia inoculation the fertilizer
cost is reduced,the graded pod yleld increased and the profit
increases was significant. There were 900 hectare 1n
1988,1880hectare in 1989 and 279() hectare in 1990 (IFi1g.

1)respectively were planted with rhizobia inoculated seeds. The
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average profit increased around USS$S480/ha on rhizobia inoculation
with N-Py05-Ko0=20-60-60 kg /ha compared with farmer's method. The
total vegetable soybean planted rhizobia inoculated seed was 5500
hectare from 1988 to 1990 and farmers made a profit of more than
2.64 million US dollars (Table 12).It is expected that about 5,000
hectare will be planted with rhizobia inoculated vegetable soybean
seeds 1n 1992,and hope three years later the whole vegetable
soybean area will be inoculated with rhizobia and the total area

will be about ten thousand hectare each year 1n southern Taiwan.

Table 14. The profit increase on the extension field.

Year Area of extension Profit increase on Total profit
(ha) the extension area [X 11
(D (II)
1988 900 459 413,100
1989 1,880 517 971,960
1990 2,720 462 1,256,640
Total 5,500 | 2,641,700
Conclusion

Rhizobia inoculation increased weight of nodules and the
effective numbers of nodule. Rhizobia inoculation and 20 kg/ha of
N applied as basal increased the graded pod wvield by "14:-22%. [t
also saved the fertilizer cost for around USE150/ha. The total
profit increase due to rhizobia inoculation was USS$480/ha.

Considering fertilizer application rate,cost,consumption of
natural resources,possible pollution of ground water etc.,the
appropriate fertilizer recommendation and management method for
vegetable soybean cultivation should be rhizobia inoculation,which
énables vegetable soytean to absorb and utilize nitrogen from the

alr through nitrogen fixation and judicious use of N fertilizer.
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Fig. 1. The extension area during 1988-1990.
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