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Resumo

Ein casa de vegetagdo, e sob solugdo nutritiva, foi estudada a resposta de duas
gramineas forrageiras {Cenchrus ciliaris ¢ Brachiaria decumbens) g doses crescentes de
ALfO — (75~ 1.5~ 30 60ppm). usaido-se NOy ou NH, comg foure de N,

Ambas as granuineas sofrerant reducdo de peso seco com doses crescentes de Al
Em teros absolutos, Brachiaria apresenta maior produgdo de matéria seca sob
NH, do que sob NOy, acontecendo o inverso com Cenchrus. Quando entretanto a
redugdo do peso com doses crescentes de Al é tomadp em tennos relativos (% do
mdximo), Brachiarta sob NOy mostra maior estabilidade, enquanto que Cenchrus é
mais estdvel quando sob NHy A fonie de N afetou diferencialmente a acconulaciio de
Al e N na raiz e parte aérea das plantas estudadas O maior actinule de Al ocorre nas
raizes, sendo maior nas plantas sob NOy do que nas NH . Em ambas as espécies houve
maior actinule de P na parte aéreq das plantas sob NH, do que sob NO5, enquanto
que nas raizes foi observada wma tendéncia inversa. dcimulos de N e K nos tecidos das

plantas parecem estar refacionados com a tolerdncia é toxidez de Al

Introduction

n acid soils. high levels of exchangeable alumi-
num is one of the principal factors limiting
plant growth This condition is usually associated
with low fertility levels {15) in such a way that the
direct and indirect effects of Al on root growth and
nutrient absorption are referred as “Al toxicity™.

Aluminum appears to affect root growth more
closely than top growth. Interferences in the process
of cell division due to high Al concentrations result
in abnormal development of root tissue (5). In the
tops the symptoms are less characterized and can be
mistaken for P or Ca deficiency (11. 18).
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The effects of high Al levels on the solubility of
P in the growth medium and its absorption are well
known (8}, Clarkson (5} suggesits that there are two
regctions between Al and P; one at the cell surface
or in the free space and the other within the cell.
possibly within the mithocondria Soluble Al may
reduce the uptake of other plant nutrients. In rice,
Al toxicity is asssociated with lower concentrations
of Ca. Mg, K and Si and higher concentrations of N
and P in plant tops (16). Reductions in the concentra-
tion of K in tops of leguminous plants are associated
with Al sensibility (2). High Al concentration in the
nutrient solution decreased the concentrations of P,
K, Ca, Mg and increased Fe and Al concentrations in
roots as well as in top of oats (1). Zn, Fe, Mn an Cu
congentrations were affected in rye, barley and wheat
dccording 1o age and cultivar sensibility to increasing
levels of Al (13).

Since Al tolerance and nutrient utilization and
absorption are conttrolled by genetic factors (5), an
association between Al tolerance and nutrient utiliza-
tion efficiency seems probable. However. both
processes (Al exclusion and nutrient absorption) are
conditioned to pH fluctuations in the medium. Since
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N is the nutrient of highest metabolic demand in
plants, its rate of uptake greatly effects pH changes
in the root-solution interface {7, 11, 19)

In this work we examined the effects of the two
ionic forms of nitrogen absorption (NH:f or NOy)on
dry matter production and Al N, P, and K absorption
by B decumbens and Cenchirus cifimis These two
species are known Lo differ in their Al tolerance (20).

Material and methods

The experiment was conducted in a greenhouse at
mean air temperature of 24°C and 70%  relative
humidity A {atorial design of two species. two
nitrogen sources and five Al concentration replicated
three times was used The nutritive solution used was
similar to that described by Andrew er al, {2} The
main modifications were that (NH;) Mo,0.,4
4H, O was substitited by HyMoO, . Ca was supplied
as CaCl, and plants supplied amonium received N as
(NH,) 80O, (Tabie 1)

The species studied were € ¢iliaris obtained from
the Centro Nacional de Gado de Leite — EMBRAPA
coliections, and B decumbens oblained from com-
mercial sources.

Seeds were germinated in plastic plates containing
sand and vermiculite and irrigated when necessary
with nutrient solution. After 15 days 300 plants from
each species were selected and transferred to 60, 8-
liter plastic pots, whose outside were painted silver
to prevent light penetration Seedlings were sup-
ported in holes in the lids of the pots by rubber
foam. Plastic perforated tubing was attached to the
base of each solution container to provide an aerea-
tion system operating at a frequency of 3 periods
{60 minutes) each 24 hours. Each pot was thinned
to 6 seedlings 13 days after germination. The culture
medivm was similar to that described above but
containing in addition either 0;0.75; 13,30 0or 6.0
ppm Al as Al; (SO4); - [8H, O The solutions were
adjusted to pH 42 with 0.1 N NaOHl or 01 N
H,S0,. The P and N concentrations were determined
each 2 days The plants were exposed to the treat-
ments solutions for 4 weeks and then harvested.

Roots were separated from tops and washed with
deionized water. Plant tops and roots were dried at
70°C in a forced-air oven for at least 36 hours, Dried
tops and roots were ground in & Wiley mill o pass a
40 mesh screen and analysed for N, P, Ca, K and Al

After dry digestion at 500°C, P was determined
as described by Leece and Short (12}; Al by the
method of Otomo (17); K by flame photometry and

Tabie 1. Nutrieat solution composition prepared from mod-
ified Andrew’s solution.

Elements Concentrations Salt
K 10 =M K, SG,
9 05 mM Na(l
My 5 =M MgSQ, - 7H, 0O
(u 042 ppm CuS0, * 5H,0
Zn 0405 ppm Zns0, - TH, 0
Mn 025 ppm MnSO, * H,0
B 05 ppm H, BO,
Mo 061 ppm H, MoQ,
le I ppm Fe-citrate
i 1 ppm KH, PO,
Cu¥ o N* } mM Ci (NO,), »4H,0
Can I mM CacCl,
IR I mM (NH, ), SO,

Plants recciving N-nitrate

*E Plants recciving N-apunonium

Ca by complexometry with EDTA  Nitrogen was
determined by destillation (3)

Results and discussion

Dry matter production. There was a significant
reduction in dey matter accumulation for both plant
species as Al in solution increased (Table 2) N-form
also affected plant dry weight. Plants under nitrate
had higher dry weight than plaats under ammonium.
There was no difference in dry matter accumulation
by the roots of the two species, but Brachiaria plants
gccumulated more dry matter in the tops than did
Cenclirus

There was a significant N x genotype interaction.
Cenclirus plants accumulated more top and rooct dry
matter when under NQy ~N, while Brachiaria plants
showed no response to N-form.

When the total dry matter production was
examined in terms of percestage reduction to the
treatment of maximum production {0 ppm Al =
100%), it was verified that the production of B
decumbens was more stable when receiving nitrate
than when treated with ammonium (Figure 1} In
the first case, the production decreased 5% up to
30 ppm of Al and decreased 67% at the highest level
the production was 60% of the maximum whereas
for € ciliaris the relative production was more stable
when ammonium was the source of N. The yields
relative 1o the highest level of Al were 670 and
48 3% of the 0 level for plints treated with am-
monium and nitrate respectively, These results
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Table 2. Btffects of Al and N source on root and top dry
weights {g/pot) of Brachiariz decumhens and Cen-
clirwey ciliaris

Mean Al elfect

Al {ppm) Ruoots Tops
0.00 UVE 12356
075 335ab 1961 b
150 231 ab 16.84 b
360 216 b 16 00 be
600 160 « 1338 ¢

Mean N effect

N-carrier Roots Taps
NO, 280a 1891 a
NH, P66 b 1618 b

Mean genotype effect

Rools Tops
Brachiarin U S 1637 b
Cenchrus 234 7.
Mean N x genotype effect
Roots Tops
Brach  Cench Brach Cench
NQ, 2284 3320 155a 2234
NH, 964 136 b 1724 151 b

® Means in a column group (fops or roots) not foilowed by
the same letter differ signilicantly at the 5% level accord-
ing to Tukey's test

stress the metabolic interrelationship of Al tolerance
and the mechanism that regulates nitrogen absorption
by plants It must be noted. however, that the growth
period (pre-stress) of 4 weeks must reduce the
toxic effects of Al for C ciliaris, since the effects are
more drastic at the scedling stage after the radicle
emergence {11). In another experiment. it was
observed (data not shown) that C ciliaris exposed
to soil Al saturation levels higher than 10% does not
grow beyond the seedling stage. whereas B decum-
bens grows satisfactorily.

Aluminium concentration

There is a signiflicant increase in Al concentration
in roots, but not in tops as Al concentration increases
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g 1 Elfects of Al fevels and N source on relative growth
of Cenchrus cifialy and Brachiaria decumbens

in the nuirient solution (Tabie 3) Accumulation of
Al in roots of both species was higher in plants sup-
plied nitrate than in plants supplied ammonium
{Table 3) For both species the concentration of Al
was higher in roots than in tops. This fact has been
previously documented by Foy and Brown (9) and
Nunns (14) The major part or this Al in roots must
be absorbed in the celiular wall or precipitated in
the {ree space of the roots, specially in the epidermis
(2.5.11.18)

Regurdless of N source 8 dectonbens accumulated
significantly more Al than C cilims suggesting that
rool Al accumulation might be associated with higher
Al tolerance.

Phosphorus concentration

Phosphorus concentration of plant roots was
significantly increased at or above 1.5 ppm of Al in
solution (Table 4). For the two sets of treatments and
for both species, plants receiving N as ammonium pe-
cumulated more P in the tops than plants under
nitrate (0.183 x 0 296) whereas in the roots an
inverse relationship was obtained (N-NH, = 0.326;
N—-NOj; = 0.375). The higher concentration of P
in the roots than in the tops must be due 1o P precipi-
fation at the surface or internally within the roots
(14). The eifects of Al on root P content differ bet-
ween the two species and N sources, With either
nitrate or ammoniwm nutrition the P concentration
of roots for B decumbens was increased at or above
1.5 ppm of Al Regardless of N source, the P concen-
tration of roots for C ciliaris was not affected by Al
concentration in solution {Table 4)
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Table 3. Effects of Al and N source on Al concentration of
roots and tops (ng/g of dry maiter) of Brachioria
decuntheny and Cenclirus ciliariy

Mean Al effect

Al (ppm) Roots Tops
900 693 d¥ 198 a
G475 P854 «d I3
HI R jigd ¢ 238 a
300 3366 b 228
6 00 72814 2700

Mean N effect

N-carrier Roots Tops
NQ, 6186 a 2420
NH, 1292 & 2 a

Mean genotype effect

Roots Tops
Bracvhiaria 4 715 a 354 4
Cenchrus 2762 b 208 b

Mean Al X genotype effect

Roots Tops

Al {(ppm) Brach Cench Brach Cench
000 1145 d 140 o« 200 b 198 a
075 2186 od 1523 be 228 b 2i%9a
159 4058 ¢ 2309 Le 237 b 2402
300 6867 b 3595ab 245 ub 2104
6 00 3319 52449 360 4 180 a

Mean N x genotype eifect

Roois Tops
N-carrier Brach Cench Brach Cench
NO, 7 %161 4 456 4 2850 2004
NH, 1514 b 19069 b 23 0 2204

* Means within a colume not tollewed by the sume letter
differ significantly at the 5% level according to Tukey's
test

Potassium concentration

Tuble 5 shows the cliccis of Al on K concentra-
tion of roots und tops. Incressing Al levels affected
K-contest of roots but not of tops Response of
roots K 1o Al levels had a quadratic fit with a maxi-
mum at 3 G pp. Al

When nitrate was the source of N the K concentra-
tion in plunt tops was significantly affected by Al
concentration in solution, but esch specie showed
differentinl responses (Table 5) K concentration
of tops for B decuwmbens with nitrate as the source
of N increased with increasing Al levels, whereas the
K content of the tops for C ciligris decreased as the
Al in solution increased K content of roots for B
decumbens and C cllioris was also affected by Al
concentration and the effects of the two forms of
N were similar Lo those observed on tops (Table 5)

The effects of higher levels of Al on K concentra-
tion of plant tops and roots of B decumbens have
been reported for other vegetuble species (2. 5} and
suggest that Al tolerance might be related to the root
capacity {o absorb K. The results of this experiment
{ Tabie 6) show that increasing fevels of Al in solutien
favors an increase in K conceniration of tops and
roots for specics less sensible to Al (8. decumbens).
Andrew er af (2) observed that in tolerant species
the reduction of Ca concentration of tops due to
ann excess of Al in solution was balanced by an
increase of K and Mg In this experiment it was
observed & marked effect of Al upon the reduction
of Ca concentration of tops (data not shown) and
the increase in K content of tops and roots (Table
5), suggesting that this effect represents a way by
which the plant preserve its ionic equilibrium

The reduction in K content of plant tops for C
ciliaris as a result of increasing levels of Al can be
associated with the reductions of diy maiter (Tabie
2 and 5). Andrew et al {2) observed marked reduc-
tions in K concentrations of species more sensible {0
Al in solution,

Nitrogen conceniration

There was an incresse in N-concentration of roots
and tops as Al in solution increased. Maximum N
concentration was reached at the 3.¢ ppm level
However, responses of plant-N to Al was affected by
N-carrier and plant genotype. Plants under NH,; —N
had significantly higher N than those under NO; —N,
and B decumbens accumulated more N than did ¢
ciliaris (Table 6} A significant interaction was found
betwean Al-levels and N-carriers.

Brachiaria decumbens showed an increase in the
absorption and translocation of nitrogen as the level
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of Al in solution was increased, whereas the nitrogen
content for C cifiaris was decreased whenever Al was
added to the solution An increase in N concentration
for B decunibens with increasing Al levels in sclution
could result from the reduction in plant dry weight
However, under the same experimental conditions the

Table 4. Effects of Al and N source on phosphorus concen-
tration of roots and tops (% dry matter} of Brac hia-
rie decuathens and Cencliruys ciliaris

Mean Al effect

Al {ppm) Roots Tops
000 0236 b* (02540
075 0295 b 32270
150 0376 42090
360 0414 G244 0
& 60 0403 a 02600

Mean N effect

N-carrier Roots Tops
NO, 0375 0183 b
NH, 0326 b (396

Mean Al x genotype effect

Roots Tops

Al {ppm} Brach Cench Brach Cench
G 00 0.268 b 0309 0232%a (0287 a
075 0297 b 029434 024t 021340
150 0417 0336a 02092 0209
300 04392 03%4a (02364 02540
600 0353 04592 2704 02500

Mean N x genotype effect

Roots Tops
N.carrier Brach Cench Brach Cench
NO, 4294 03204 0214 b 0152 b
NH, 0297 b 0354 a 0257a 0334 a

*  Means in 2 column group {tops or roots) not {ollowed by
the same letter differ significantiy at the 5% level accord-
ing to Tukey's test

Table 5. Effects of Al and N source on potassivm concentra
tion of roots and tops (% dry matter) of Brachioria
dectmbeny and Cenclirus ciliaris

Mean Al effect

Al {ppm) Roots Tops
noo 310 o 5281
073 3 81ab 5004
150 407a 5334
3006 414 507a
6 06 335 be 501a

Mean N effect

N-carrier Roots Taps
NO, 357 b 517a
NH, 38%a 51ia

Mean genotype effect

Roots Tops
Brachiaria 339 b 444 b
Cenchrus 4004 S5tla

Mean Al x genotype efiect

Rools Tops

Al {ppm) Braci Cench Brach Cench

o000 248 b 372ab 413 b 643 a

075 3360 47264 397 b 6 04 ab
1 50 378a 437a 4 58 ab 6.08ab
3.00 392a 435a 4 57 ab 558 b
600 341 a 329 b 498 & 504 ¢

Mean N x genotype effect

Roots Tops
N-carrier Braci Cench Brach Cench
NO, 340a 374 b 4702 564 b
NH, 338 4264 419 b 602a

¥ Means within a column not lollowed by the same letter
differ significantly at the 5% level according to Tukey's
lest
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Table 6. Effects of Al and N sowrce on nitrogen concentra-
tions of roots and tops (% dry matter) of Brachiaria
dectombens and Cenclirus ciliaris

Mean Al effect

Al (ppm) Roots Tops
a.00 137 b* I067 be
875 250 ab 213 ab
150 257 ab 221ab
300 260 228a
600 13t b 196 ¢

Mean N effect

N-carrier Roots Tops
NG, 231 b 207 b
NH, et 2194

Mean genotype effect

Roots fops
Brachiaria 258 Z3la
Cenchrus 234 b 196 b

Mean Al x N effect

Roots Tops
Al (ppm) NO, NH, NO, NH,
000 342 ub 232 b 197 be 219 be
0.75 2129 ab IMa 232 205 be
1 50 1482 268a 217 ab 227 ab
3100 136 ub 285a 212abe 24421
6 00 204 b 260ab 190 ¢ 204 ¢

Mean Al x genotype effect

Roots Tops

Al (ppm) Brach Cench Brach Cench

300 229 b 235ub 2i4 b 202&
075 265a4b 236 ab 224 ab 203
i 50 266 ub 249 242a 200:
300 269a 1534 237ab 2.19a
600 263 ab 198 b 236 ab 1.58 b

*  Meuns within & column group (tops or roots} not followed
by the same letter differ signilicaritly at the 5% level
according to Tukey's test

Al treatments reduced the dry weight of O ciliaris
that had aiso less N concentration suggesting that N
accumulation is a characteristic of Al tolerant species

The results suggest that tolerance to Al-loxicity is
related to the patterns of fon uptake The effects of
N-carriers on Al-toxicity are thus mainly due to its
influence on the ion uptake patterns of the plants.

Summary

To study the effects of various Al levels and the
possible role of nitrate or ammonium nutrition on the
grawth and nutrient accumulation of two gramineous
species (Brachiaria decumbens and Cenchius ciliaris)
several rates of Al {0. 0.75, 15, 3.0 and 6.0 ppm)
were added to nutrient solutions in a greenhouse
experiment utilizing NH, or NO, as source of
nitrogen.

For both species. dry weights decreased as the Al
concentration was increased. In absolute terms, B
decuinbens produced more dry matter when relying
ort NH,;  than when utiliizing NO5. the inverse
happened with ¢ ciiaris However, when the reduc.
tion in dry weight with increasing Al levels is taken in
relative term (% of the maximum) B decumbens
receiving NO5 showed more stability whereas ¢
cilinris was more stable when treated with NH,. The
Al and N concentrations of roots and tops of planis
treated were differentialy affected by the form of
nitrogen used, Plants receiving nitrate as the source of
nitrogen, accumulated more Al in roots than those
receiving ammonium. For botit species. plants
receiving nitrogen as NH, had higher P concentra-
tions in tops than did nitrate plants, whereas in the
roots an inverse relationship was observed. Nitrogen
and potassium accurnulation in plant tissue appear to
be related to Al tolerance
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Este volumen preparado por dos prestigiosos cola-
boradores de la bien conocida Universidad Agricola
de Wageningen, Holanda, presenta una discusidn origi-
nal de tres campos de la Ingenieria Agricola, dedican-
do a cada uno una parte del libro

Las condiciones generales del suelo con el tépico
de la primera parte, mucho mds corta que las otras Se
enfoca aqui el suelo como un sistema que presenta
oposicion a fuerzas aplicadas a la misma

La segunda parte que incluye un poce mds gie un
tercio del volumen analiza el comportamiente mecd-
nico de tos elementos del suelo Esta parte consiste en
cineo subdivisiones que se refieren a:

a) Los aspectos generales del comportamiento mecd-
nico de las unidades elementales de} suelo.

b} Un tratamiento bdsice de la compactacién.
¢) Un andlisis de la deformacion del suelo
d) Un estudio del rompimiento del suelo v

e} Un estudio bdsico de ia adherencia v friccidn entre
suelo y otros materiales

La tercera parte se dedica al estudio de los proce-
sos referentes a la capacidad del suelo de levar cargas

y de su desintegracion. Esta parte es la mds larga al in-
cluir mds de la mitad del volumen, tiene siete subdivi-
siones que son:

a) Aspectos generales de los procesos de arado.
b} Ruedas, llantas v rodillos

¢} Elementos que penetran al suelo (Cufias, Conos,
Placas, Alambre y Esferas)

d} Cuerpos cortantes
¢) Orugas
f} Dientes
g} Cuerpos de arado

En todos los capitulos se discute los principios que
se aplican en esta parte y la aplicacién de los princi-
pios en las operaciones pertinentes Tiene 231 refe-
rencias, y la mayoria de ellas son inglés con unas po-
cas en holandés y alemdn, permiten al interesado a
profundizarse en los dilerentes topicos, a los cuaies se
localiza ficilmente por medio de un buen indice de
materiales al final.

El volumen es sin duda una adicidn Gtil a ia no
muy ampliz bibliografia en Ingenieriz Agricola y por
esto se le recomienda & todos los que se interesan en
mecdnica de suelos. El inglés de los autores es claro y
la mayor parte del volumen es comprensible aiin pa-
¥a no ingenieros agricolas, siempre que tengan buenas
bases en mecinica
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