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Resumen

Diecisiete variedades de frijol de tipo Rhizobium isoladas de varias legumineosas
en Nigeria fieron investigadas con objeto de examinar su eficacia y ln posibilidad de
cruzamiento con frijoles de tipo TVU 201 y TVU 1190, “fijol lima”, “‘gandul”,
“frijol alado’ y mani, en condiciones naturales tanto como en imernadero

Por medio de mimero de nédulos, peso seco y cantidad total de nitrégeno fijado
por cada planta, se descubriv que la mayoria de los variedades se revelaron eficaces
con los frijoles TVU 201, TVU 1190, “gandud™ v “frijol alado” En condiciones
de invernadero, solo algunas variedades se revelaron cficaces con mani y ‘“‘frijol
fima™ y ninguna formoé nodulos en condiciones naturales.

En el invernadero, la variedad 11 mejoré la produccion de los tipos TVU 201,
TVU 201, TVU 1190, “frijol lima”, “gandul”, “frijol aledo” v mani del
60% 100%, 70%, 140%, 370% y 61% respectivamente, wientras en condiciones natie
rales en el campo la variedad 9 aumento la fijacion de nitrégeno en los frijoles tipos
TVU 201, TVU 1190, “gandul”, “frijol alado” y mant, de un 66% , 163%
251%, 74% y G4% respectivamente en comparacion con las leguminosas que no sufrie-
ron inoculacion.

Estas variedades particularmente fértiles y eficaces pueden ser de gran wutilidad
en la produccion en cantidad comercial de inoculantes en el afin de mejorar la fija-
cion de nitrogeno con legrminosas tropicales.

Introduction

he importance in the humid tropics of nitrogen
fixed symbiotically by Rhizobium in associa-

tion with legume species cannot be over-
emphasized, as farmers still rely largely upon shifting
cultivation as a major means of restoring and
sustaining soil fertility, and fertilizer usage is alarm-
ingly but understandably small. The fertilizer
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problem is worsened by the fact that the cost sky-
rockets every year, leaving the tropical farmer, who
sometimes suffers from protein malnutrition, with
the only reasonable alternative of a rotational or
multiple cropping system in which legumes are
included as a source of plani nutrients.

Even where fertilizers are available, a substantial
proportion of N applied to soils is often unavailable
to crops because of denitrification and leaching
losses; these processes may even give rise to potential
secondary problems of air and water pollution.
Besides, the energy-consuming relatively inefficient
chemical fixation of N by the Haber —Bosch process
contributes only 2.2 x 10'? kg/yr N to the global
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fixed N pool compared to 9.1 x 10'? kgfyr provided
by the more efficient, natural, biological N fixation
(1). 1t is in view of these fertilizer problems that
many developing countries are currently considering
detniled extensive studies of the Rhizobium -
legume symbiosis 45 a means of increasing crop yields
and providing adequate plant protein without the
input of the costly and often unavailable fertilizer N

Of the seven cross-inoculation proups of the
Rhizobiwn—legume associations (2), the cowpea is
predominantly and almost exclusively found in the
tropics. Therefore, the provision of a competitive,
effective, and highly promiscuous cowpea rhizobial
inoculant for use on food legumes in the tropics is
an inescapable pre-requisite of our drive for increased
biological N fixation and plant protein production
in the developing countries.

Hence, this preliminary investigation examined
different strains of cowpea Rhizobium for effective-
ness and possible cross-inoculation against some
common and widely culiivated tropical legumes.
The screening was done in both greenhouse and field
plots to assess the strains which might be useful in
selection of potential inoculants,

Materials and methods

Sources of rhizobia cultures. Fourteen of the
thizobia strains used were isolated from 14 varieties
of cowpea cultivars which were obtained from the
International Institute of Tropical Agricuiture
(IITA), Ibadan. Three other strains of cowpea Rii-
zobium were jsolated from cowpea plants at the
University of Ife Teaching and Research Farm.
Isolation of pure colonies from the legume nodules
was performed according to the procedure of Vincent
(3). All the 17 strains were found to be effective
against cowpea cultivars when tested under labora-

tory conditions using the seeding agar technique of

Vincent (3).

Sources of lepume seeds. Cowpea TVU 201,
cowpsa TVU 1190, lima bean, winged bean, and

pigeon pea were obtained from Dr. E. L. Pulver of

the Grain Legume Improvement Programme, IITA,
Ibadan. Groundnut seeds were bought from a local
market in Ile-Ife.

Greenhouse Investigation: The mixture of

coarse and fine sand used for the greenhouse investi-
gation was collected from a stream near the Univer-
sity of Ife Commercial Farm. The sand was washed
thoroughly with water and then with conc. HCL The
sand was later rinsed several times with water and

then sun-dried. Its pH was 6.6 and calcium carbonate
was added to raise the pH to 7. The sand was
sterilized in the oven at 160°C for 48 houss, cooled,
and dispensed into 250 plastic cups (each having a
diameter of 9.7 ¢cm and a depth of 9.7 ¢cm) at the
rate of 600 g per cup. Viable seeds of cowpea TVU
201, cowpea TVU 1190, lima bean, winged bean,
pigeon pea, and groundnut, which had been surface
sterilized with 95% ethanol and 4% 1,0,, were
planted in the sand-containing cups at the rate of
4 seeds per cup. Four replicates of each treatment
were prepared. The cups were then arranged on a
greenhouse bench in a completely randomized
fashion. Each of the experimental treatments was
inoculated with the appropriate Rhizobium strain
(inoculant) which had been prepared by culturing
a heavy suspension of the particular strains in a yeast
extract mannitol (YEM) Ubroth containing
19% sucrose, on a rotary shaker at 28°C for 3 days. A
sterile plastic syringe was used for applying 8 mi of
the rhizobial inoculant to each of the cups. Each of
the nitrate control treatments received 5 ml of a
0.05% KNO; solution cvery other week. All freat-
ments were amended with 3 ml of nutrien{ solution
weekly (3), and 30 ml of sterile distilled water every
2 days. The greenhouse had an average temperature
of 30°C.

The plants were harvested when 7 weeks old. They
wete sun-dried for 24 hours and later oven-dried
at 80°C for 48 hours prior to the determination
of their dry weights

Field Investigation: As a follow up of the green-
house studies a field investigation was carried out
to assess the effectiveness of the test strains of
cowpea Rhizobiun under field conditions using the
same jegume cultivars. The field plot used at the
Teaching and Research Farm of the University of Ife,
at [le-lfe, was selected because of its suspected low
or no thizebial count, since there was no history
of legume cultivation on the site. After site clearing
the plot was rid of organic matter as much as possible
in order to discourage increase in inorganic nitrogen
as a result of organic matter mineralization during the
period of experimentation.

The plot (244 m x 14 m) was divided into 20
subplots to accommodate 20 randomly allocated
treatments of 17 different rhizobial inocuiants,
2 nitrogen fertilizer levels, and one uninoculated
treatment. Each of the 20 subplots was analysed for
its pH value, organic carbon, total nitrogen, P, Ca,
Mg, K, Mn, and Na contents. The legume seeds were
planted in rows, 50 cm apart, with 25 cm spacing.
Four seeds were planted per stand with the addition
of 10 ml of the appropriate broth inoculant . The two
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fertilized sobplots were treated with 71.4 kg and
142.8 kg of ammonium nitrate/ha/wk, respectively.
Ten days after planting, the seedlings were thinned
to 2 per stand. Each of the 17 rhizobial treatments
also received peat-based inoculants 18 days after
planting. The peat-based inoculant was prepared by
adding turbid rhizobial culture to sterile finely
divided peat in the ratio of 1:2 (V/w). The peat
culture was kept at 25°C to cure for 72 hours and
then allowed to mature for another 7 days before use.
The peat-based inoculant was applied by mixing the
inoculant with dry soil from the particular subplot
in the ratio of 1:10 (¥ /w), and applying the inoculant
soil mixture to the base of the young plant.

The one meter path between subplots and the
guard rows of each treatment prevented cross-
contamination, and there was no rainfall during the
pericd of the investigation. Bach subplot was
moistened with 25 litres of water every day. At the
age of 6 weeks all the plants were sprayed with
Novacron 40° to control insect pests. The subplots
were carefully weeded by means of a hoe.

Harvesting was done when the plants were 7 weeks
old, by carefully digging up four randomly selected
plants from within cach of the rows. The nodules
were examined, dried at 70°C for 48 hours, and then
weighed. The plants were dried for 2 days at 80°C,
weighed, and nitrogen was determined by the
modified micro-Kjeldahl method (4).

Results

Greenhouse Studies. Based on nodule formation
and plant dry weight, eleven of the seventeen strains
tested were very effective apainst cowpea TVU 201.
These were strains 1,4, 5, 7,8,9, 10,11, 14, 15 and
16, but strains 4, 5, 8, 9, 10, 11, 14 and 16 were
particularly effective since each resulted in an average
plant dry weight of 1.03 g compared to 0.64 g and
0.74 g of the uninoculated and the nitrate amended
plants, respectively (Table 1). Generally, only strain
6 was poorly effective against cowpea TVU 201, On
the other hand, strains 4, 7, 8, 10, 12 and 17 were
particularly effective against cowpea TVU 1190,

Table 1. Yield of the various legumes grown under greenhouse conditions.

Dry wt of Plants, g

Rhizobium Cowpesn Cowpea Lima Pigeon Winged Groundnut
Strain No. VU 201 TVU 1190 bean pea bean
1 092 068 1.20 041 0.53 0.83*
2 0.88 0673 0.99 .48 067 0.60
3 0.81 0.56 1.32 0.47 0.7t 0.54
4 1.07% 1.09%* 1.28 0.53 0.77 062
5 1.04* 0.66 1.30 0.51 0.82* 0.73
G 0.55 0.62 1.26 .23 0.66 0.56
7 0.92 1.05* 1.31 0.44 0.79 073
8 1.02* 0.98* ad 0.58% 074 0.77
g 1.08* 0.7% nd 0.61* 0.98* 0.90+*
i0 1.05% 0.97% 1.35 0.57* 074 0.86%
i1 1 02% 0.84 1.57* 0.60* 0.96* 1.00*
12 0.91 1.20* 1.35% 0.63* 0.64 679
13 0.79 0.85 1.16 0.29 0.84* 0.63
14 0.96% 0.88 1.57%* 0.5 0.39 0.84*
15 094 0.89 1.66% (.35 0.70 071
15 1.01% 078 1.10 (44 0.50 069
17 0.89 1.11* 1.36* 0.54 0.83* 0.07
Uninoculated plant 064 041 092 025 0.21 0.62
Nitrate-amended plant 0.74 0.72 1.03 6.30 0.63 0.56

*  Treatments with significantly high dry wt at 35% confidence Hmit.

n.d. = not determined.
Each value is a mean of 4 replications.
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giving an average dry weight of 1.07 g compared to
0.4 g of the uninoculated plant. However, most of
the strains did not nodulate lima bean, and the reason
for this ineffectiveness is not known, Only strains, 1,
2,3, 11, and 12 were found to be fairly effective with
lima bean. Despite the lack of nodules both the
unresponsive and the uninoculated lima beans grew
luxuriantly, suggesting a minimal nitrogen require-
ment by this legume.

In pigeon pea only five strains, namely 8,9, 10,
11, and 12 produced significantly high plant dry
matter with 100% increase in yield when compared
with the nitrate amended plant. The five strains that
were effective on winged bean, 5,9, 11, 13 and 17,
gave significantly high dry matter yield, ranging from
052 g to 0.98 g per plant, whereas the uniroculated
winged bean yielded 021 g As shown in Table I,
strains 1, 9, 10, 11, and 14 were very effective on
groundnut while the remaining strains were only
fairly effective or ineffective.

On the whole, sixteen and fifteen out of the seven-
teen strains effectively nodulated cowpea TVU 201

and cowpea TVU 1190, respectively, while only five
strains each were effective against lima bean and
groundnut and thirteen strains each nodulated
pigeon pea and winged bean. It should be noted that
all the nodulated legumes pave considerably higher
yields than either the uninoculated or the nitrate
amended plants, suggesting good response of the
legumes to rhizobial inoculation,

Field investigation: The chemical characteristics
of the 20 subplots are shown in Table 2. The pH
values ranged from 5.2 to 6.1 and since an average
pH of 5.5 is required for efficient nodulation in
cowpea and groundnut (5), it could be assumed that
the pH values of the subplots were favourable for
thizobial survival and infectivity. Except for the
phosphorus and calcium concentrations, which
varied significantly at the 5%1evel, the other chemical
parameters did not exhibit significant variations from
subplot to subplot. However, it could not be assesssed
whether or not these soil properties influenced rhi-
zabia infectivity and effcctiveness in the various
subplots.

Table 2, The pH, % organic carbon and nitrogen, and the concentrations of phosphorus, caicium, magnesitim, manganese, potassivm

and sodium of the soil samples taken from the 20 subplots.

Sub- organic N P Cations (ppm)
Treatments plots pH S/ G ppm Ca Mg Mn K Na
4

l 12 59 161 023 8.7 883 29 21 105 14

2 20 5.4 1.37 0.20 7.2 570 195 35 90 16

3 10 6.1 1.37 021 218 870 215 10 150 14

4 16 54 162 0.27 .8 750 122 19 135 16

5 8 53 152 0.20 8.3 675 184 30 150 14

6 18 5.6 1.00 0.4 7.8 375 1035 16 105 10

7 i 3.6 1.14 .16 50 510 176 I8 90 11

8 3 54 144 021 129 900 218 32 150 16

9 2 58 144 022 28.2 1200 240 10 150 19

10 13 59 1.39 018 6.0 615 147 13 £20 12

11 17 5.3 1.52 025 93 750 228 47 105 21

12 & 56 100 0.11 42 300 165 48 210 24

13 14 5.4 161 0.22 8.2 815 230 23 120 16

14 11 6.0 1.37 0.18 80 645 173 23 150 12

15 3 57 1.76 0.26 1838 1350 249 17 165 21

16 19 5.2 1.07 021 74 585 146 41 105 18

17 g 53 161 0,22 53 885 194 17 120 17

18 4 5.5 1.44 0.21 60 630 159 36 120 15

19 7 54 1.44 021 129 510 168 75 120 16

20 15 52 1.61 0.235 T8 585 207 51 135 17

Mean 5.55 142 0.21 10.18 721 192 29 130 16
Standard

deviation 0.27 0.22 013 613 252 37 17 29 3
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None of the seventeen strains was effective on lima
bean while groundnui had small but numerous
nodules. On the basis of nodule dry weights, cowpea
TVU 201 scemed to be most responsive to rhizobial
inoculation, followed by cowpea TVU 1190, and to
a lesser extent by winged bean, groundnut, and
pizeon pea (Table 3). As observed already, under
greenhouse conditions, lima bean which did not
form nodules did not exhibit any symptoms of
nitrogen deficiency, strongly suggesting again, a low
nitrogen requirement by this plant. Pigeon pea was
found to be less responsive to inoculation in the field
than in the greenhouse, whereas the reverse was the
case for pgroundnut, which on basis of nodule
number gave a better response to inoculation in the
field than the other cultivars tested.

The average dry weight and the total nitrogen
content of the various legumes ({except the un-
responsive lima bean) are depicted in Tables 4 and 5.
It can be observed from both Tables that the plant
dry weights generally correlated with their nitrogen
contents, as most of the treatments that gave

significantly high dry matter vyields also fixed
significantly substantial amounts of nitrogen. Most
of the strains were very effective on cowpea TVU
201, cowpea TVU 1190, and groundnut in terms
of nitrogen fixation. At 5% level, there were signifi-
cant differences in the nitrogen content of each of
the legumes due to treatment effects, but it is also
significant to note that these differences in both the
plant’s nitrogen content and the dry weight are well
correlated with the results of the greenhouse studies.

Expectedly all the legumes responded more to
1428 kg than to 714 kg of the fertilizer. However,
winged bean was particularly responsive to nitrogen
fertilization as an amendment of this legume with
1428 kg of NHyNO;/hajwk resulting in 449 g of
dry matter yield and 161.6 mg N/plant, which were
higher than the yields obtained when the plant was
treated with any of the seventeen inoculants (Tables
4 & 35). The other legumes seemed to be more
responsive o rhizobial than to nitrogen fertlization,
with the exception of lima bean.

Table 3. Dry wt of nodules of 6 legumes inoculated with 17 strains of Cowpea Riiizobium on a field plot.

Dry wt of nodules, mgfplant

Rhvizobiunm VU VU Lima Pigeon Winged Groundnut
Strain No. 201 1190 bean pes bean
1 8.6 20.5% 0 14 7.3 17.5
2 48 22.0% 0 1.9 52.5% 12y
3 i9.1% 49 0 0 14.6 177
4 0.8 59 0 1.5 26.3 30
5 158 17.6 0 32 51.1% 16 9+
G 6.8 14.0 0 41 13.2 8.9
7 16.2% 124 0 0 51.2% 19.6%
8 118.5% 115.5% G 21 30.9 109+
g 136 6™ 65 G 5.7* 63 B* 13.9*
16 20 4% 16.2 G 0 37 14.1#
H 27 ] 0 15 34.9 10 8+
12 22 3% 52 0 1.8 30.7 8.1
13 8.8 51 G 1.3 33.0 15
14 4.7 14.1 0 5.3 318 1.5
15 63 0% 6.8 Hj 11 §4.8% 14 8+
16 846 16 0 0 9.0 36
17 1.3 8.7 0 16 30.5 10.7#
Unineculated plant 0 0 0 0 6.1 57
N — Level | 27 13 0 it 4.4 1.9
N - Level 2 0 0 0 0 1.7 36

*  Treatments with significantly high nedule wt at 95% confidence Hrnit

Each value is a mean of 4 replications.
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Table 4,

Dry wt of the inoculated, uninoculated, and nitrate-amended legumes grown on a field plot,

Dry wt of plants, p/plant

Rizobium VU 1vu Pigeon Winged Groundnut
Strain No. 201 1190 pea bean
1 7.00 B.54 1.83 31.06* 12 50%
2 9.51 8.00 361 2.96* 13.75%*
3 19.13% 10.50 1.59 1.81 14 23
4 11.32 14.02* 308 2.86 8.17
5 10.64 1198 63 2,90 1202
6 9.20 845 333 1.80 1.0t
7 18 .00* 10.88 322 1.91 13.78*
8 15.89* 16.18* 5.79% 183 11.58
9 24.83% 16.52% 6.50% 3.53% 11.51
10 6.66 10.29 292 211 13 48*
11 9.68 15 69* 1.57 1.88 15.52%
12 10,60 14.77% 0.93 222 396
13 12,42 12.91 214 257 8.11
14 6.66 16.55* 231 374* 14.76%
15 19.05* 16.41% 3.5 2.5 14 .39%
16 8.13 156 168 1.24 i1.36
17 9.31 11.80 731 1.62 12.50*
Uninoculated plant 6.35 8.14 1.47 1.87 5.96
N - Level 1 9.70 852 4.17% 111 864
N~ Level 2 10.83 i3.51" 4.31* 4.49* 11.12

*  [reatments with significantly high dry wt at 95% confiden

Each value is a mean of 4 replications.

Discussion

Under greenhouse conditions strains 2, 4, and 12
nodulated all legumes except groundnut while strains
5, 8, and 9 were also effective on all the cultivars
except lima bearl; but strain 11 formed nodules on
all the six legumes. In the field, strains, 5,6, 8,9, 14,
and 15 were effective against all the legumes except
lima bean. The lack of response of lima bean to any
of the seventeen strains of cowpea Rhizobium under
both greenhouse and field conditions suggesis that
lima bean may not belong to the same cross-inocula-
tion group with the other legumes under investiga-
tion even though lima bean (Phaseolus lunatus) is
included in the cowpea cross-inoculation group (6),
a group that obviously requires better delineation.
This lack of response by lima bean also suggests
that this legume is not genetically or otherwise
very closely related to the other readily nodulated
plants.

It is to be noted that groundnut responded better
to inoculation in the field than in the greenhouse,
though the reason for this observation is not clear.

ce limit,

However, the tremendous interplay of biological and
chemical factors within the soil might enhance the
processes of infectivity and nodulation. In addition,
native rhizobia might play some role in the effec-
tiveness of groundnut under field conditions as some
of the uninoculated plants bore a few tiny nodules.

Cowpea Rluzobiwm strain 11 was found to be
most promiscuous in the sand culture as it nodulated
all the six legumes producing big effective nodules.
However, this strain was less effective or promiscuous
in the field as it fixed refatively substantial amount
of nitrogen only in cowpes TVU 1190 and groundnut
(cl Tables 1, 4 and 5). The comparatively poor
performance of this strain in the field vis-a-vis the
greenhouse might be due to poor competitive
capacity in the highly heterogeneous soil.

On the basis of similar positive response to the
various cowpea Rhizobium strains there seemed to
be some kinship among cowpea TVU 201, cowpea
TVU 1190, pigeon pea, winged bean, and groundnut,
but the kinship was more pronounced between the
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Table 5. Nitrogen content of the inocslated, uninoculated and nitrate-amended legumes grown on a field plot.

N content of plants, mg/plant

Rivizobium TV Ivu Pigeon Winged Groundnut
Strain No. 204 1190 pea bean
1 2184 1939 53.1 95.2* 200.0
2 268 6 320.5 845 82.06 459 3%
3 645 1* 2174 380 46.7 21885
4 204.9 3111 78.8 68.1 2672
5 299.0 346.2 40.1 71.3 264.4
6 2226 2729 86.3 563 185.8
7 580 8* 3123 63.4 64.4 424 4%
8 3114 430 4* 145 3% 531 3346
9 387.3% 419.6% 144 3% G4 3% 1544
10 1452 3550 669 55.1 393 6%
11 2185 478 5% 378 711 487.3%
12 2438 281.6 11.7 126 118.8
13 2807 488.0r 4719 871 2246
14 2191 369 1 89.4 115 6% 354 2%
i5 3391 3594 121.9% 66 344 .4
i6 2228 174.6 536 51.2 3113
i7 2169 220.7 206.9*% 45.4 351.3%
Uninoculated Plant 231.3 [59.5 413 539 155.0
N — Level ] 1833 196 8 126 8* gQ.i* 285.1
N~ Level 2 2556 556.9* 133 .2% I61.6% 3158

*  Treatments with significantly high N content at 95% confidence limit,

two cowpea cultivars, probably due to the initial Literature cited
isolation of all the strains from cowpea plants.

A careful scrutiny of Tables 1, 4, and 5 shows . HARDY, R. W F, BURNS, R. C, and
cowpea Rhizobimn strains 8, 9, 11, and 15 as the PARSHALL, G. W. Advances in Chemistry
most consistently effective and promiscuous bacteria Series No. 100, 219.247. American Chemical
both in the greenhouse and ia the field. For instance, Society, Washington, D. C. 1971,
in the field, strain 9 produced an increase of about
320% in the dry weight of cowpea TVU 201, while 2. NUTMAN, P. 8. Biological Review, 31:109. 1956.
strain 11 increased nitrogen fixation by 200% in
cowpea TVU 1190, when compared with the 3. VINCENT, 1. M. A manual for the practical sfudy
uninoculated plants. In the greenhouse, strain 11 of root-nodule bacteria, Blackwell Scientific
enhanced the dry matter yields of cowpea TVU Publications, Oxford. 1970,

201, cowpea TVU 1190, lima bean, pigeon pea,

winged bean and groundnut by 60% , 100% , 70%, 4. JUO, A. S. R. Selected methods for soil and plant
140% , 370% , and 61% respectively over the vields analysis. Manual Series No. I, 11-12. Interna-
of the uninoculated legumes (Table 1). Similarly, the tional Institute of Tropical Agriculture, Ibadan.
use of cowpea Rhizobium strain 9 as an inoculant in 1978

the field boosted nitrogen fixation in cowpea TVU

201, TVU 1190, pigeon pea, winged bean, and 5. MUNNS, D. N, FOX, R. L., and KOCH, B. L.
groundnut by 66% , 163% , 251% , 74%, and 64% Influence of lime on nitrogen fixation by
respectively (Table 5). These strains could therefore tropical and temperate legumes. Plant and
be subjected to further greenhouse and field studies Soil, 46:591-601. 1977,

with a view to using them eventually for producing

commercial rhizobial inoculants in order to boost 6. ALEXANDER, M. Introduction to soil micro-
nitrogen fixation by food legumes in the humid biology, 2nd Ed., John Wiley & Sons, New
tropics York. 1977,
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INSTITUTO INTERAMERICANO DE COOPERACION PARA LA AGRICULTURAF*
Febrero de 1981

En virtud de que ef HCA ha adoptado el Sistema Internacional de Unidades, nos permitimos
anotar a continuacién pare los autores y colaboradores de las Revistas Turrialba y DRELA, asi
como para oiras series de publicaciones del Instituto, las siguientes reglas principales.

En 1960, tu Conferencia General de Pesas y Medidas (CGPM) v la Oficing Internacional de
Pesas v Medidas (BIPM) decidieron por unanimidad en Paris, sede del BIPM, crear un sistema
internucional de unidades de pesas y omedidas (SIU) En 1975 habia ya 44 paises miembros del
BIPM cuya tarea principal es asegurar {a unilicaciéon mundisl en torno del SIU. Hoy dia los Estados
Unidos de América e Inglaterra han adoptado tambicn of uso del SIU

Por cjemiplo, el kilogramo es unidad de masa. y ya no de pesorel recurso al concepto de peso
queda abolido, pues corresponde en readidad a fa fuerza de atraceién debida o la gravedad, y. porlo
tanto, los cucrpos en ol espacio interplanctario no tienen peso, pero si conservan su masa. La
unidad de fuerza os o newton (N, que corresponde a la necesaria para produci una aceleracion de
un metro por seggado sobre una masa de un Kilogrumo Lo unidad de presion o estuerzo es el pascal
(Pu) v cquivale a la nocion abolida de kilogramos (fuerza) por centimetro cuadrado: 9 806 650 kg
(fuerzay/m*=1 Pa.

Reglas principales para la consignacion de las unidades Si

i Noseusan las mayGsculus en fos nombres de unidades. Unica excepeidn: grados Celsius.,

2 Los simbelos no se escriben con mayusculus. Excepciones: los derivados de nombres de
personas.

3. Los prefijos métricos no se escriben con mayutsculas. Excepeiones: tera T, giga G, mega M.
4 Lossimbolos se escriben siempre igual, sean singular o plural, ¢f - 5 mm, no 5 mms

5 Cuando sc escriben los nombres de unidades completos, se pluralizan normalmente, ¢j.: 10
kilogramos, 55 hectireas

6. No se usan los prefijos solns, sino acompafiados de ta unidad, ej.: 15 megawatts, no 15
megas.

7 Nose usa el punto después del simbolo (24 m, no 24 m.), excepto al final de un péarrafo.
8. Siempre se deja un espacio entre el nitmero y el simbolo o unidad, ej.: 10 cm, no 10cm
9. No se usan comas ni puntos para separar niimeros largos; se deben scparar de tres en tres. El
punto marca el principio de la fraccion decimal,ej.: 1 000 005.34, 30 000 y no 1,000,005.34
6 30,000.
10.  Siempre se coloca un cero a la zguierda del punto decimal, ej.: 0.77 y no .77,
11, Cuando se expresan unidades compuestas como kildbmetros por hora, se usa la diagonal, ej.:

78 km/h, 50 m/s. Si se trata de newton metros se usa el punto, g 5 Nom.
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