Effects of lime and molybdenum on nodulation and nitro-
gen fixation of Phaseolus vulgaris L. in acid soils of Brazil™
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RESUMO

Foram conduzidos Wiy experimentor em rasa de vegetacio para estabelecer a
melhor fonte de Mo e melbor nivel de calagem para mdixima fixacdo de nitrogénio ¢
produgio de feifio (Phaseolus vulgaris L) co “Ieneznela 350°, efetivamente nodunlado

Molibdato de amonio e deide molibdico mostraram ser ignalmente boas fonies
de Mo, engnanto a Mo-mone frit (Fritted irace element) mosiron se senmt efeito. Em
wm solo Podzilivo Vermelho-amavelv, pH 5,1, a calagem anmenion o crescimento,
nodulagdo, fixagdo de wilrogénio e eficiénein dos nddulos Sem calagem as plantas
fixaram ponco nitrogénio, cresceram ponco e ndo reiponderam a adigdo de Mo. Entre
PH 3,3 ¢ 6,0 honve respoita significativa du fixacio de nitragénio e crescimento das
plantas a aplivagao de Mo. Acima de pH 6.0, ar plantas creseevam bem com abundante
fivagio de nitragénic e nis honve respasta a aplivagio de Mo. Estes efeitos foram
Fambém observador em widviot outros solos, ende outros fatores limitantes haviam sido

completamente elininados.

Introdnetion

EAN (Phaseolus valgaris L) response to inocula-
B tion in the field is variable although high rates
of acetylene reduction (80 umoles per plant per
hour} have been obtained under controlled conditions
by Franco, and Munas, (unpublished) Poor response
in the field may be due to physical and nutritional
limiting factors specific to the bean symbiosis, or a lack
of adaptation of either one or both symbionts to en-
viromental stress
Most beans in Brazil are grown in acid soils, often
high in aluminum, Jow in clcium, magaesium and
phosphorus, and deficient in one or more micronu-
trients. Molybdenam s especially important for [fe-
gumes dependent on N, for growth (4) and its de-
ticiency is widespread in soils in Brazil (15, 3). Res-
ponses of beans to Mo application have been observed
in some experiments (10, 5, 18, 13 and 20) and
no or even negative responses in others (10, 12 and
20).
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The availability of molybdenum and its uptake is
pH dependent, and responses to liming in legumes ate
sometimes attributable to increased availability of Mo
(1). However, this has not heen carefully considered
in the studies of bean response to molybdenum appli-
cations. While in some experiments the soils were
limed to pH 60 (20) or to levels which eliminate alu-
minum toxicity (19, 10), some of the reported re-
sults do nmot mention soil pH (6, 13) or the study
was carried out without Rbizobiuwm inoculation (21,
5 and 12). The present study was to assess the extent
to which the poor symbiotic performance of beans in
acid soils can be attributed to problems in Mo nu-
trition

Materials and methods

All experiments had factorial randomized black
designs and were done with Phareolus vulgaris L cv,
"Venezuela 330" in 2 glasshouse at EMBRAPA /SNLCS/
PEN, Km 47, R], Brazil during the winter months
when the temperature in the glasshouse was between
20 and 32°C and sarely exceeded 33°C. The inocu-
lants in all experiments wete Rhbizobinm phaseoli strains
F300 and F310 {PFN/SNLCS/EMBRAPA, Km 47,
R], Brazil), cultured separately on yeast mannitol agar
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Table 1 —FEffect of lime and Mo on nedulation, nitrogen fixation and growth of P wwlgarir cv. Venczueta

350 on a Red-yellow Podzolic soil

\ wmoles CaHl per hour " Tot
BT P N o I R
arvest (mng. pot-') m:ir{f’ ‘??d et pot {g pet-t) {mg pot*) (mg pot-t)

Am. molyhdateb 0 54 128 10 21 279 35 29
FTE: 4] 3.1 141 23 33 1,92 45 133
Molybdic acid n 50 77 23 26 282 36 51
Control 0 30 [ 27 52 277 37 65
Am molybdate 01g 51 85 1z 71 319 48 150
ITE 0.19 32 142 31 4.7 272 37 8.7
Malybdic acid 0.19 i9 137 112 15.7 383 79 47.0
Control 0.19 51 9:f H 19 3.20 42 4.7
Am  molybdate 050 5.2 172 113 232 312 82 58 ¢
FTE 050 5 4 175 A1 5.0 313 A4 443
Moilybdic acid 030 5 4 16} a5 153 377 76 127
Caontrol 030 533 215 A6 13,7 304 43 119
Am  molybdate 200 60 276 144 39.0 G 36 200 168.2
FTE. 2.00 G0 241 O 205 598 118 86.4
Molybdic acid 200 60 31 113 37.4 692 197 164.6
Controf 200 [ 374 41 19 8 68 135 102.4
F. values

Molybdenum o 7.88%% [ X riks 282w 2.85% 2.60

Lime 11L70%% 036 g4 #* 53.62%% 28 3 27.72%%

Mo x Lime 3 23% 5 35 3 Qot® 198% FRPtL. 4 445

VC (%) 41 57 75 16 50 53

Isd {p_-{_m 003) 87 37 112 0.77 27 267

Each value represents a mean of 5 pots

Fritted trace elemeont {0 295 Mo) at the rade of 40 kg hat

b
Ammonium molybdate at the zate of 875 kg Mo ba-!

Melydbic acid at the rate of 0235 kp of Ma hat

Fotal plant N of each treatment minus tetal plant N of unnodotated plants

*p 005

#* 5 o 001

After growth at 30°C for five days the bacteria were
washed from the slopes, diluted to approximately 10%
cells ml-*, mixed and one drop per seed inoculated at
sowing.

Experiment 1 compared ammonium molybdate (075
kg Mohat), molybdic acid (0.25 kg Mo ha') and
fritted trace elements (40 kgha of FTE containing
0.29% Mo) and CaCO, at sates equivalent to 019,
05 and 2.0 ton per hectare (based on 2000 ton soil
per ha) Red-yellow Podzolic soil collected from three
sites at Santa Monica-R] was sieved and mixed. After
homogenizing the coil had pH 5.1, ppm, P, 78 ppm

K, 41 mE Catt -+ Mp++ and 02 mE Al+++ per
160 ¢m® of soil. Basic fertilization consisted of 40
ppm P, 52 ppm K, 15 ppm Mg, 16 ppm CuSO, 5H.O,
9 ppm Za50,7H.0, 03 ppm H,BO, 20 ppm
FeSO,. 7H,O and 10 ppm MnSO,H.O, The soil was
disteibuted into pots (1.8 kg/pot) and lime additions
were mixed with the dry soil pot by pot. The soil was
then watered and allowed to stand for one week before
molybdenum was added in the appropriate levels and
forms. The soils was remixed prior to sowing, the
plants thinned to three per pot and harvested at flower-

ing.
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Experiments 2 compared five levels of Mo (equi-
valent to 0, 025, 0.5 and 10 kg Moha as molybdic
acid) and four levis of line (Ca CO; equivalent to 0,
1, 2 and 4 ton, ha-') on the same soil used in experi-
ment 1. Experimental procedure was the same as for
exp. 1 for two harvest (flowering and pod filling
stage). For an additional harvest at seed maturity pots
of 25 ¢ mdiameter containing 9 kg soil, were used,

Experiment 3 compared 3 soils from Rio de Ja-
neiro State (Alluvial, Latosol and the Red-yellow
Podzalic used in exp. 1 and 2); and 3 soils from the
cerrado vegetational province at Sete Lapgoas-MG (Dark
Red Latosol-MG) and Brasilia-DF (Dark Red Latosol-
DF and Red-yellow Latosol-DF). Two levels of Mo
were applied (zero and the equivalent to 0.5 kg Mo.
ha-t as molybdic acid) and 3 line levels (Ca CQ,
equivalent to 9, 3 and 10 ton. ha'). The Red-yellow
Latosol-DF received an extra level of lime (1 ton
CaCO, hat). 'The same basic fertilization and experi-
mental procedure were used as in exp. 1.

At hacvest of all experiments soil pH was measured
using 1:1 ratio of soil to distilled water. Nitrogenase
activity was estimated by acetylene reduction assay as
dezcribed by Franco, Fonseca and Marriel (11), Total
nitrogen was determined by Kjeldahl digestion, steam
distillation and titration.

Resnlts

Results of experiments 1 are presented in Table 1.
Liming without molybdenum significantly increased
nodule dry weight, total No-ase activity, plant growth
and total nitrogen accumulated in the plant. At the
higher pH, ammonium molybdate and molybdic acid in-
creased the efficiency of the nodules in reducing acety-
lene (specific N,~ase activity). The response to Mo
fertilization was pH dependent: in unlimed soil there
was no significant response to Mo of nodule dry
weight, total and specific Ny-ase activity, plant dry
weight and plant total nitrogen With the lower level
of lime (0.19 ton CaCQO,ha-t), which was not suf-
ficient to change the pH appreciably, molybdic acid
was a superior source of Mo (compare total N, fixed
in Table 1) but at higher pH ammonium molybdate
was equally effective The F T E. (Mo-mono frit) was
appatently a poor source of Mo for P. valgaris cv. Ve-
nezuela 350, at any pH. The slightly better availability
of melybdic acid at lower pH justified its adoption
as the sole Mo treatment in the subsequent experi-
ments.

Figure 1 illustrates the response of N,-ase activity
and total plant N accumulation at flowering to pH and
0.5 kg Mo.ha in experiment 2. There was response
to Mo at intermediate pH; but growth was poor at
lower pH and good at pH above 6 tegardless of Mo
application. The complete set of results with statistical
analyses are presented in Tables 2 and 3. Without
lime and molybdenum plants had few, large, poorly
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Fig 1 —Effect of toil pH and Mo fertilization on Nsate (C:Hi reduc.
tion) activity and total plant witrogen of P, vulgaris er Vene
zuel 350 (Experiment 2. harvest at flowering ).

pigmented nodules. By flowering plants had developed
little Na—ase activity but by mid-pod fill, N,~ase acti-
vity had increased to 12.5 pmoles C,H, pot-ih?. Ad-
dition of 025 kg Mo ha' increased N,-ase activity
throughout the growth cycle but the N content of the
plant was little changed. Levels of molybdenum of 0.5
kghat and above increased N,-ase activity and total
N content of the plants (Table 2), percent N in beans
and N-harvest index significantly, but had little effect
on the szed dry weight (Table 3).

The plants growing at pH 4.9 with any level of
Mo and the plants growing in pH 54 and 57 wit-
hout Mo addition, tended to approach the best treat-
ments in Ny-ase activity later in the plant cycle (com-
pare harvest at flowering versus pod fill in Table 2)
As a consequence the pattern of nitrogen accumulation
up to pod fill was very similar in the treatmet with-
out Mo for pH 5.4 and 57 or pH 4.9 with the higher
levels of Mo, However, this was not reflected in
seed yield (Table 3), indicating that the recovery was
too late to benefit yield.

Experiment- 3 confirmed that other soils of Brazil
gave responscs similar to Red-yellow Podzolic soil
from S Monica-R]. The Ny-ase activity and total plant
nitrogen response followed similar patterns and only
the total nitrogen data are presented (Fig 2).

The S Monica soil was included in this experi-
ment for comparative purposes. It is interesting that
there was an tncreased nitrogen fixation between pH
61 and 7.6, when no Mo was added (Fig. 2a), in
contrast to the results with pH 6.5 with and without
Mo in experiment 2 (Table 2) indicating that the
pH value at which no further response to Mo fertili-
zation occurs with this soils is between 6.2 and 6.4

The Red Latosol from Rio de Janeiro with
initial pH 5.7 gave good plant growth without liming,
but Mo addition increased Np-ase activity from 27 to
67 pmoles C,H, pot-t h-1 and total plant nitrogen from
100 to 233 mg N.pot™. Liming in this soil resulted in
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Table 2 -—Effect of lime and Mo on the nitrogen fixation and growth of P. wwigaris cv Venezuela 350 on
Red-yellow Podzolic Soila

coit oM Harvest at flowering Harvest at pod filling stage
. Qal
conan | e | | e T am T el s e gt | ol
(mg. pot-1) pot-t {mg pat-!) harvest {mg. pot-) pat-! (mg pot-1)
] 0 49 44 1.0 45.0 4.9 50 125 283
) 023 49 G 108 35.0 48 GG 512 315
I 0.50 49 120 249 57.0 49 185 265 127.8
0 100 5.0 129 223 621 4.9 198 333 114 4
0 200 49 102 18 47.2 49 248 532 1531
1 o 5.4 238 5.4 39.1 5 4 308 239 628
1 025 5.2 158 401 69.3 5 293 337 157 6
1 050 52 200 309 833 53 283 424 1722
1 100 54 157 310 G50 52 247 212 1755
1 200 53 175 3t 6 59.2 53 251 312 168 2
2 0 57 267 92 440 58 433 151 66.5
2 025 5.7 220 55 878 59 331 270 1750
2 0.50 5.6 201 310 87 .4 5.9 357 401 1929
2 1900 58 256 434 013 5.9 362 322 162 1
2 200 55 243 291 104 7 5.9 342 249 1476
El 0 65 249 437 1259 67 565 55.7 2713
4 .25 66 249 366 1271 a6 674 808 2863
4 0.50 G4 260 453 127 4 6.6 645 611 280.2
- 100 6 247 517 118.5 6.7 616 90.1 2933
| 2.00 63 249 462 1273 66 625 41.7 2879
Fvalunes
Mo e 5. 25 ® 227 —_ 129 G 49%=
Lime 48 0G%* | 12 4p%¥ 30 G = 99, 25% ¥ 785w 33.40%%
Mo x lime 172 3 260 2 80% 169 —_— 5 G0% =
VC (%) 2d 27 20 26 70 16
lsd {p << 0.05) 66 1t 8 227 134 399 37.5

a

Euach value represents p mean of 1 pots with 3 plants each

* < 0.03

*op o o001

no incresse in growth or nitrogen fixation when com-
pared with unlimed soil with Mo fertilization (Fig
2a).

The two Dark Red Latosols from the Cerrade be-
haved similarly (Lig 2b). Without lime the few no-
dules formed had very litle activity (less than 0.5
pmoles C,H, pot-2h)., Although the plants were
poorly nodulated, they were dark green and contained
more nitrogen (68.3 and 55.5 mg N pot™ respectively
for the unlimed MG and DF soils) than those in

Alluvial-R] soil (241 mg N) This indicates the pre-
sence of available nitrogen in the soils, 'With 3 ton
CaCO,:hat both soils supported weakly nodulated
plants and some nitrogen was fixed but there was
litle response to Mo. Ten ton CaCO,ha! had no
significant efect with or without Mo on total nitrogen
content, but N,-ase activity was significantly less in.
dicating increased uptake of N from the soil and a
corresponding reduction in the amount fixed in the
nodules.
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Table 3 —-Effect of lime and Mo on the yield of P. ealgaris
Venezuela 350 in & Red-yellow Podzolic soila

v
Lime Mo o N Secdgyw%d N-hacvest

(ton, kat} | {ton ha1) plants (ﬁg{,_,‘;*‘ index (44)

0 o 18 .1 52

¢ 425 18 70 54

0 0.50 21 92 39

0 1.00 18 58 43

0 200 19 6.4 52

1 0 1.6 7.6 53

1 023 26 225 76

1 0.50 29 245 74

1 100 26 228 72

1 200 28 196 G35

3 o 20 142 54

2 0.25 25 311 77

2 050 27 310 80

2 100 27 28.0 76

2 2.00 27 97 75

4 0 27 373 78

4 0.25 30 396 80

4 0.50 28 416 78

4 1.¢0 3.1 39.7 78

4 2.00 2.8 405 79
F valuer

Mo 7.34%% G 54%* 10.78**

Lime 3 A7 89 10%* 61 067 *

Mo x Lime 2.02 4.34%% 3. 40%%
v.C (%%) 22 14 9
Isd (p=005) 03 4.4 G

Each value represents a mean of 4 pots with 3 plants each,

Total seed N x 180 divided by total plant N (including pod shells).
°op g 003

T"op o 001

The Red-yellow Latoso! from Brasilia-DF received
an additional treatment of 1 ton CaCQ,ha* (pH 5.2
and 5.4 in Fig. 2¢) which was not included in the
statistical analyses. However, this treatment was in-
cluded in Fig. 2¢ to illustrate the response to Mo in
this soil. At pH 6.4 there was no additional response
to Mo and at pH 7.7 the plants showed severe signs
of Mn deficiency (Dobereiner, J. personal commun )
which was probaly responsible for the poor nodula-
tion and nitrogenase activity in this and perhaps the
other cerrado soils.
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The allavial soil from Rio de Janeiro gave similar
response to the §. Monica soil, but of greater magni-
tude (Fig. 2c).
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Discussion

All soils used in this study were severely Mo de-
ficient confirming the widespread occurrence of Mo
stress in many tropical soils (3, 15, Franco, A A. and
Laera, N T, unpublished). Without lime, molybdenum
fertilization had little effect on plant nitrogen or
growth in any of the acid soils used, and increased
hoth on a red latosol with pH 57 Santos e 4/ (20)
studied three sofls and observed that o soil with ori-
ginal pH 38 also responded up to 12.3 g Moha,
while a soil with pH 55 responded linearly up to the
highest Mo level used (16 gha-'1) In another soil
with originally low pH (47) liming to pH 6.0 in
addition to Mo applications caused toxicity and de-
creased yield These results agree with the high cape-
city of acids soils to adsorb Mo strongly below pH
5.5 but very little above pH 60 (22). The results of
Smith and Leeper (23) with seven acidic soils indicate
that Mo is rapidly fixed to the Fe and Al oxides and
bound to organic matter. Also their studies indicated
that leaching is not fikely to move significant amounts
ot Mo through acidic profiles except perhaps in very
sandy soils This explains the lack of respense to Mo
in the acidic soils limed to pH 6.0 or mote, observed
Lere and by Santos ¢ ol (20). The observation that
Mo applications witheut liming increased significantly
nitrogen fixation and yield of Centroscita pabescens
grown in the same Red-yellow Podzelic soif from S
Monica, used in experiment 1 {8) stresses the dif.
ferences between plant species in their response to Mo
fertilization and soil pH, as indicated by Reisenauer,
Tabikl and Stout (:7)

Liming increased nodule growth at all levels up
to 4 ton CalO, ha'. At intermediate liming levels
(1 or 2 ton CaCO,ha-') Mo fertilization reduced
nodule production but increased nodule efficiency, total
nitrogen fixed and plant growtk Increases of nodule
mass as a tesponse to low efficiency have been reported
previously (9) At the high liming rate, plants grew
well and did not respond to further Mo applications
This response pattern is similar to those obtained with
subterranean clover (2, 16)

Ammonium molybdate and molybdic acd  were
botl good sources of Mo for beans, but at lower pH
levels molybdic acid seemed to bz more available
(Table 1) A specially prepared fritted trace element
containing only Mo was of poor availability at all pH
levels tested. A mixed fritted trace element preparation
applied at higher doses to the same unlimed soil was
able to supply the necessary micronutrients to Cen-
trosema pubercens and  Macropiilinm  ahoparpurenm
(7). A later factorial experiment showed Mo to be,
in fact, responsible for most of this response (8).

Kannan and Ramani (14) observed that MoO,*-
fed to the primary leaves of beans was transported
readily to the roots. In one expetiment {results not
published) only sporadic improvement was obtained
by either foliar application or seed imbibition

The results reported in this paper indicate that
Phaseolns vilgaiis ts unable to obtain the necessary Mo

for N, fixation from the strongly acid soils studied
High levels of lime (to pH 60) or lower levels com-
plemented with Mo seem necessary for nitrogen fixa-
tion In slightly acid or neuteal soils applications of
Mo alone can solve the problem. Whether this effect
is a direct effect of pH, interaction with Fe, Al, phos-
phate or sulphate and whether it is common in other
bean varieties is currently under investigation.

Sunimery

Jn three greenhouse experiments the cffects of
leveis and types of molybdenum fertilizer on growth
and nitrogen fixation of eftectively nodulated Phaseolnr
vulgaris T cv Venezuela 350 were studied in acid and
Iimed soils. Ammonium molybdate and molybdic acid
proved equally pood sources of Mo but fritted trace
elements were of poor availability In a Red-yellow
Podzolic soil, pH 51, liming increased plant growth,
noduiation, nitrogen fixation and nodule efficiency
Without lime, plants grew pootly, fixed little nizogen
and did not tespend to molybdenum With fow lime
levels {to pH 5.3 -60), molybdenum application sig-
nificantly increaszd nodulation, nitrogen fixation and
plant growth Liming to 2 pH above 6.0 resulted in
plants which grew well, fixed zbundant nitrogen, and
did not respond to molybdenum. These responses were
similar in various soils, when other major limiting
growing factors had been removed
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celebrard def 22 al 25 de abril de 1980, en Iz ciudad de Teco-
min, Estado de Colima. Las sesiones de trabajo agruparin
en: 1} control bioldgico de plagas principalmente mediante In
entomofauna hendfica, 2) Microorganismos enlomopuiipenos,
que abarca g virus, bacterfas y ncmatodos, 3) centros de re-
produccion de inscctos bendficos, y 1) coordiracion del sec-
tor agropecuario con el gobicsno.

Fi comité organizador estd presidido por Carlos Aguayo
Sierra, (Apartado Postal NY 130, Tecomin, Colima) actuando
como secretario Lorenze Hemdnder Arregrin vy como tesorero.
Oscar Arredondo Gamez

Congrein liternacional de Horticndtara

S¢ ha distribuido ¢ primer anuncio del XX1 Congreso
Internacional de Morticultura que tendrd lugar en Hambuzgo,
Repiblica Federal de Alemania, del 29 de agosto =zl 4 de
setiembre de 31982, La invitacidn ha sido cursada por In Inta
national Scciety for Horticultural Science (TEHS) vy I
Socieded  Alemanz de Clencins Horticolas. También  auspi-
cian el certamen el Ministerio Federal de Alimentacion, Agri-
cultura y Bosques, con sede ea Bonn, y la Ciudad Libre v
Hanseitica de Hamburgo

El tema principal de la reunidén serd “la horticultura en
fa sociedad indusirial” aunque traterd de otros aspectos de la
ciencia horticola, como l planta (genética, fisioldgica, elc.},
¢l ambiente ecologico y econdmico, la ingenierda horticols,
la proteccidn wvegetal, la posteosecha LI lenguanje oficinl serd
el inglés. Habrd giras por Hamburgo y alrededores, v alpunas
visitas a otras zonas de Alemania v paises vecines, La direc-
cion del Secretarindo ¢s P. O Box 30 23 60, D-2000 Ham-
burgo 36, Alemania ’
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Notas vy Comentarios

El vidvio y Ta biotecnologha

El que uma firma productora de vidrio sea considerada
como uno dec los liderss en la biotecnologiz no es tan insé-
lito como parece a primera vista si se tiene en cuenta que
la firma en cuestion, la Corning Glass Works, e¢s una de
las empresas que mayor proporcidon de sus ingresos tiene in-
vertido en investigacidn y desarrollo de nuevos productos

El romance de la Corning con la tecnologia comenzd hace
100 aitos, cuando hizo el vidrio que sirvid parz los primeros
bombillos de fuz de Ieison Desde ese momente ha pro
sentade una mayor innovacidn en cadn déenda, constituyendo
para The Leonomist (November 10, 1979, p 112}, un para-
digma de la industria dispuesta a correr los riesgos que toda
innovacidn lleva consigo. Los Cxitos mayores han compensa-
do con creces los fracasos Los éxitos van desde el original
vidrio Pyrey, pasendo por el vidrio fotocednico, un vidrie
coloreado que se oscurece al aumentar la intensidad de la
Iug, hasta llegar en lz actualidad 2z las fibras Gpticas, un gran
avance tecnoldgico que promete revolucionar [as comunica-
ciones telefénicas en los novecientos ochents

En I biotecnologia, la firma ha gastado ya unos 20 mi-
liones de délares. FI descubrimiento de que habia ciesta re-
lacién entre el vidrio y [z biologia fue, como tantos hallaz-
gos, fortuito. La compaitia fabrica grandes cantidades de vi-
deiv Pyrex pare los labowiorivs bioldgicos Notuba que las
proteinas tenfan el hibito inconveniente de pegarse al vidrio,
por lo que se gastaba aigiin tiempo en tratar de refregar los
utensilios. Entonces s¢ dio cuenta que {o que habia conside
rade un problema era realmente unz solucidn selectiva: dife-
rentes tipos de vidrio podian desarrollarse para hacer que se
pegasen a ellos diferentes proteinas.

Una aplicacién de esta propicdad es en estuches de prue
bas para diagonosis de enfermedades, en los que el trueo
consiste en el uso de bolitss de vidrio especialmente dise-
findas para que se adhieran z ellas anticuerpos especificos.

Una segundn aplicacion del vidrio en la biotecnologiz es
¢l uso de bolitas porosas las que adsorben enzimes particula-
res Tstas enzimas “inmortalizadas” pueden sex utilizadas como
catalizadores para acelerar reacciones quimicas, Las ventajas
de hacer que las enzimas se adhieran a las bolitas de vidric
son dos. Una es que gl producto final no esti contaminado
y las enzimas pueden ser usadas una y otra vez

La primera reaccidn que la Coraing ha decidido acomeler
comercialmente es una que se ocupz del suern del queso
Por cada kilo de queso, se tienen como residuo indeseable
oche kilos de suero. Ia Coming ha desarrollado un proceso
para convertir, mediante enzimas, el Suerc en subproductes
Gtifes que pueden ser empleados por la industria de alimentos
Se han completado cn 1979, con éxito ensayos en Gran Breta-
fin. v TFrancia, v ahora la compafifa piensa construir plantas
comerciales de 400,000 litros por din. Y esto se espera que ses
sélo la primera de muchas aplicaciones de fus enzimas in
movilizadas

Publicaciones

Cimara del Agro El primer ndmero de una revista titu-
lada Cdmara del Agro ha aparecido en Guatemala con fecha
marzo 1979. Es 6rgano de 13 entidades agricolas guatemalte-
cas reunidas en un organismo, la Cdmara del Agro, v estd [ia-
mada n ser el vocero de achelos, aspiraciones y criticas del
sector agricola, De periodicidad mensual el director del conse
jo editorial es César Bustomante Aratiz El primer nimero tie-
ne informacidn sobre poda del cafeto, In soya como alimen-
to del panado, v tratamiento del célico del caballo, Lz direc-
cién es la Reforma, 15 Calle "A" 7-65, Zona 9, Guatemala

Anilla de plistive para prevencién de la masiitis

Un pequefio arc de piistico insertado en cada pezén de fa
ubre de una vaca puede prevenir la mastitis, dice Max Paape,
un cientifico del Departamento de Agricultura de los Hstados
Unidos (Agricultaral Research, September 1979), Con pée
dias a los productores de aproximadamente mil millones de
délares por afio, la mastitis es fa enfermedad mds costosa del
ganado lechero en ese pals .

William Kortum, un veterinacio de California, desarrollé
los anillos. Kortum también desarrolld un artefacto intraute-
rino par el control de la natalidad en vacunos (Cf. Turrialba,
16:5. 1966).

Los anilios, que son abiertos, estdn hechos de un policti-
leno flexible similar al usado para frascos de medicina Una
pieza de 11 cm del polietifenc se inserta por el pezdn me-
diante un catéter Una vez adentro el polietileno reasume la
formz del anillo

Ei anillo funciona estimulando el mecanismo natural del
animal de lucha contra las enfermedades El anillo produce
una ligera irritacién y en respuesta sumenta el nimero de
leucacitos en la zoma afectada Los leucocitos, o glébulos blan-
cos de la sangre, destruyen a la bacteriz que cpusa la mas-
titis.

Normalmente, pasan upas 24 hotas hasta que los leuco.
citos aumenten en nametn suficiente para destruir a las bac
terins invasoras Para ese momento, las bacterias se han mul-
tiplicado en tal grado que la infeceidn puede ya haberse esta-
blecido. El tener a los leucocitos presentes en ese momento,
en respuesta ai anille, puede prevenir esta muitiplicacion.
Ademas, el anillo “programa’ a la ubre para responder mis
rpide ¢ caso de infoecidn

" Las pruehas en Beltsville, controladas con ubres testigo han
sido satsifactorias con toxinas de Escherichia coli, que causa
un pgran ndmero de infecclones de mastitis  Actualmente se
estin haciendo pruebns con infecciones con bacterias vivas de
E coli y posiblemente con Stapbylocens aurens, ctra bacteria
causanie de mastitis. Paape csti siguiendo la investigacion en
Francia por un afio, antes de que los anillos puedan reco-
meadarse pare la prevencién de la mastitls y ponerlos a dis-
posicion de los productores de leche

Ei anillo no tiene aparentemente efecto en el nimero de
lewcocitos en la leche, El aumento en los globulos blancos
fue ecvidente solo en los primeros 20 mililitros de leche
Esta cantidad es extraida normalmente antes del ordefio

La fibra dietética veduce colesterol en los buevos

Alimentar a las gallinas ponedoras con raciones ricas en
fibras (fibra dietética) puede reducir el contenido de coles-
tero!l en ia yema de los huevos en un 13 por ciento. James
1 McNaughton, de la Science and Education Admindstration
del Departamento de Agricultura de los Estados Unidos ano-
tz que no hay difereacias en la produccién y en el peso de
los huevos debidas a In racién rica en fibra. (Agricultnral
Research, April 1979) Como la mayor parte del colesterol
en los huevos csti localizada en las yemas, unz reduccidn de
{3 por cientp representa una reduccion significativamente del
colesterol de los huevos,

McNaughton, quien labora en Mississippl State, MS, ali-
menté a las pallinas ponedoras con fibra dietética en dos ex-
perimentos, Uso fibra de diversos origenes, incluso maiz, soya,
aifalfa, girasol, arroz y viruta de madera, La reduccidn mis
grande en el colesterol de los huevos (13,3%9%) ocurrid con
i dietz con harina de girasol al nivel de 8,8 por ciento de la
racién diaria. Las otras fibras tuvieron menor éxito, pero es
interesante notar que el colesterol de la yema se redujo
en un 10 por ciento cuando la racidn contenia 10 por clento
de viruta de madera.

El cientifico no estd seguro del porgué de 1z reduccion
en colesterol de la yema en upa racidn rica en fibra Apa-
rentements, opina McNaughton, ios materizles gruesos fibro-
sos de la dieta causan un raspado del intestino delgado v la
eliminacion de células del vello intestinal, las que se sabe
tienen una alte concentracién de colesterol,





