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ABSTRACT - Soybean cultivar Parand was grown in 1981-81 at EMBRAPA/CPAC, at Planaltina,
Brazil, to determine the residual effects of levels of K and Mg applied in 1975, upon the yield and
seed quality and the severity of diseases caused by Phomopsis spp. and Colletotrichum truncatum
on soybean stems. Decreasing yields and seed quality were associated with decreasing soil K and/or
Mg levels, Foliar K levels were directly related to soil K levels while foliar Mg levels were inversely
related to soil K. Foliar K content of 1.3% was sufficient for maximum seed production. Annual
return of crop residue increased soil K and Mg, foliar K and Mg, and cation exchange capacity but not
soil organjc matter. There was no difference among K treatments in amount of fruiting structures of
C. truncatum and Phomopsis spp. on soybean stems.

Index terms: Glycine max, Phomopsis, Colletotrichum truncatum, critical foliar K, eritical foliar Mg
level, crop residue.

EFEITO RESIDOAL DE POTASSIO E MAGNESIO
NA PRODUGAO DE GRAOS E NAS DOENGAS DE SOJA
NUM LATOSSOLO VERMELHO-ESCURO DE CERRADO

RESUMO - A cultivar de soja Parand foi cultivada em 1981-82 no CPAC, em Planaltina, Brasil a
fim de se determinar os efeitos residuais dos niveis de K e Mg, aplicados em 1975, sobre a producéo
& qualidade das sementes, assim como o grau das doengas causadas pelo Phomopsis spp. e pelo Colleto-
trichum truncatum nos caules das plantas de soja. A redugdo verificada na produgdo e na gqualidade
das sermentes foi associada a redugdo dos niveis de K e/ou Mg no solo. Os teores foliares de K foram
diretamente correlacionados acs niveis de K no solo, enquanto que os teores foliares de Mg foram in-
versamente correlacionados aos niveis de K no solo, O teor foiiar de 1,3% de K foi suficiente para ma-
xima produgdc de semente. O retorno anual dos restos culturais aumentou os niveis de K e Mg do solo
e das folhas @ 2 capacidade de troca de cétions, mas nSo da matéria orgénica do solo. N&o houve di-
ferengas entre tratamentos de K nas quantidades de estruturas de frutificagdo de €. truncatum e Pho-

mopsis ssp. nos caules das plantas de soja.

Termos para indexagdo: Giycine max, Phomopsis,

nivel critica folisr Mg, restos culturais.

INTRODUCTION

There is a high potential for leaching losses of
nutrients such as potassium and magnesium in
highly weathered soils with low cation exchange
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Colletotrichum truncatum, nivel cr(tico foliar de K, '

capacity (CEC), such as those of the Cerrado, The
evaluation of the residual effects of these elements
is important because of their low initial levels in
the soil {Lopes 1975} and because of their very
low zeserves in the soil, clay fraction which consist
predominantly of kaolinite and gibbsite (Rodri-
guez 1977).

The effective CEC (2.29 meq/100 g), the
negative charge (2.66 meq/100g) and the potassium
buffering capacity of Cerrado soil are very low
(Souza et al. 1979). Consequently, low retention
of cations and high leaching losses are expected.
These authors showed that the application of
300 kg of K;0/ha caused leaching of K to a depth
of 60 cm in the first cropping. However, Silva &
Ritchey (1982) showed that maize recycles
potassium such that the potassium absorbed from
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the soil is carried to the leaves, and from there
is washed by the rain and returned back to the
soil, thus reducing markedly the potential losses
by leaching. If crop residues are incorporated into
the soil rather than harvested, a considerable
amount of potassium is recycled (Vilela & Ritchey
1985),

Magnesium leaching in cerrado soils has not
been studied extensively, however this element
bonds to the sulfate.anion to form a neutral ion
pair which probably makes magnesium as
susceptible to leaching losses as potassium.

Nutrient-stressed plants may be more vulnerable
to disease than plants with an optimum nutritional
level. One example is the effect of potassium
decreasing the severity of many diseases (Huber
1980}, Soybean pathogens such as Colletotrichum
truncatum (Schw.) Andrus & Moore (anthracnose)
and Phomopsis spp. (pod and stem blight, stem
canker, and seed decay) are major problems on
stems, pods and seeds in tropical regions and can
result in reduced yield (Sinclair & Shurtleff 1975).
Low soybean seed quality due to Phomopsis spp.
was associated with potassium deficency by

K.D. RITCHEY et al.

Crittenden & Svec (1974), Camper & Lutz Junior
(1977) and Mascarenhas et al. {1977), while
Jeffers et al. (1982), Spilker et al. (1981) and Svec
et al. (1976) showed that the degree of soybean
seed infection with fungi was not affected by
potassium fertilization.

The objective of this study was to evaluate the
residual effect of rates of potassium and magnesium
applied six years previously (1975) on yield and

disease incidence in Parani soybeans in 1981-82.

MATERIALS AND METHODS

The soybean crop was grown in an allic clayey Dark-
-Red Latosol (Oxisol), with pH 4.6 (soil: water = 1:2.5),
1.1 meq/100 ml exchangeable Al, 0.34 meq/100 ml
Ca + Mg, and aluminum saturation approximately 72%
of the effective CEC. Originally the soil had
0.061 meq/100 ml K. The original cerrado vegetation
of the area had been cleared some years previously and
it was used as a natural pasture until the dry season of
1975 when it was cleared, plowed and levelled as reported
by Ritchey et al. (1979).

In the first year, the K and Mg treatments listed in
Table 1 were applied to 7.2 m by 14 m plots grouped in
completely randomized blocks with four replications. The
rates of magnesium were obtained from mixtures of

TABLE 1. Effect of magnesium content in limestone and potassium fertilization on extractable soil magnesium and petassium in 1981/1982 and on Parand

s0ybean grain yield in a Dark-Red Latosol,

Mg added €0 added
Total ) . )
Treatment ra75/ ; K;0 Seil Sail Grain
280/ 1975¢ 1976/ 1971 1978/ 1979/ 1880/ 1081/ : K Mg yield

1976 1981 1976 1977 1978 1978 1980 1981 gz eelied

kg/ha kg/ha meq/100 g kafha
1R 345 3 - . 0 0.041 032 699
1M 345 3 . 100 . 100 0.039  0.40 819
2R 45 3 75 . 2k 75° 150 0121 0.34 2.231
™ 345 3 75 100 2c 75 250 0154 033 2357
3R 345 3 150 R - - - . 150 0.048 031 1.070
am 345 3 150 100 100 100 100 100 650 0226 032  2.497
4R 345 3 300 . . - . . 300 0.047 G40 1,079
am 345 3 00 100 . 400 0.054 028  1.293
5R 345 3 600 - - . . 660 0.070  0.42 1921
5M 348 3 600 100 . - - 700 0072 034 2193
6R 345 3 150° - 100 gF  75° 226 013 0438 2293
oM, 345 3 150% 100 - ¢ 5 325 0140  0.30 23189
Lt 345 3 150 - - 1580 0.03¢ 051 2.466
™ 345 3 150 20 . . 170 0.088 050 2428
8 7 3 150 100 100 100 100 100 850 0.217 0.8 234
g 27 3 150 100 100 100 100 100 650 0226 0.0 226
10 a7 3 150 100 100 100 100 100 650 0219 010 1.293
M 345 3 150 100 100 100 100 100 650 0.226 032  2.497
F-protected Isd 0020 D0.14 326

! Basedona completely randomized design with 4 replications

Crop residues were returned and incarporated annually
Band apalied

The subplots wara redivided perpendicuiarly to the previous division and 75 kgfha K20 as kalsilite or KCI were applied. Treatmants 2F and 6F received

kalsilita, and 2C and BC received KCI.
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calcitic and dolomitic limestone as shown in Table 2, In
1980, 3 t/ha of calcitic limestone (Total Relative
Neutralizing Capacity 67%) were applied to the
experiment. In 1981, the soil pH, measured in water,
averaged 5.5 in all the treatments. The basic broadcast
fertilizer application consisted of 320 kg/ha P,0;
(ordinary superphosphate), 9 kg/ha Zn (zinc sulfate),
1.1 kg/ha B (borax), and 0.2 kg/ha Mo (ammonium
molybdate). The potassium treatments (as potassium
chloride) were applied at the same time and mixed with
the soil to a depth of 15 cm by Rotovator. Subsequent
applications of 400, 320, 80, 80 and 160 kg/ha P50¢ as
ordinary superphosphate were made in 1975, 1976, 1978
1979 and 1981, respectively.

TABLE 2, Quantities of calcitic and dolomitc limestone
used for the various magnesium treatments. -

Magnesium . Calcitin::1 Dolomiti%
limestone limestone
7 3.756 42
27 3.541 172
g7 2.765 701
945 0 3000

32.1% Ca, 0.2% Mg, CCE = 78.87%; 2% was retained
on the 10 mesh sieve, 8% on the 20 mesh and 45% on
the 60 mesh.

22.1% Ca, 11.6% Mg, CCE = 100.4%; 1% was retained
on thae 10 mesh sieve, 30% on the 20 mesh and 45% on
the 60 mesh.

The plots receiving different K rates (Table 1) were
split lengthwise during 1976 to form *residual” and
“maintenance™ treatments designated as R and M,
respectively. The M treatments received an additional
application of 100 kg/ha K,0 in 1976, except for the
7 M treatment which received only 20 kg/ha. The crop
residues of treatments 7 M and 7 R were returned annually
and incorporated before the next planting season.
Treatments 2C, 2F, 6C, and 6F were created in 1981 to
compare the effects of kalsilite and KCl. Plots from the
old 2 Mand 2 R and 6 M and 6 R treatments were
redivided crossways and 75 kg/ha K5O of the two sources
applied in 1981.

An early-maturing soybean variety, Parand, was planted
on 5 Nov. 1981 in 60 ¢m rows. The stand was thinned
to 20 plants/metet, Soil samples (20 per plot at 0 cm
15 cm depth) were collected at time of planting an
leaves were collected at early flowering stage. Sample
were analyzed as described by Vettori (1969).

Plants were removed one week after harvest maturity
from an area of 12 or 12.6 m? in the central part of
each plot, and yields were corrected to 13% moisture
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content. Details of earlier yields are given by Souza et al.
(1979), Ritchey et al. (1979) and Vilela & Ritchey
(1985).

Seed germination was evaluated by maintaining seeds
for three days on moist absorbent paper in a germination
chamber maintained at 25.5°C and approximately 70%
relative humidity. Damaged seeds were defined as those
broken, chaffy or otherwise physically defective.

In order to evaluate discase incidence, ten 8 cm long
stems per plot were cut from the midregion of plants
at harvest maturity and were rated for the presence of
acervuli of C. truncatum and pycnidia of Phomopsis spp.
as described previously (Cerkauskas et al. 1983) where
1=0%2=1%-5%,3=6%-25% 4 = 26&- 50%, and
5 = more than 50% of the stem covered by the fruiting
bodies of the fungi. Values were square root transformed
before statistical analysis.

Ratings for incidence and severity of marginal chlorosis
and necrosis on foliage in the center two rows of each
plot were made at full-pod growth stage using a Horsfall
& Barratt rating system where a rating score from 0 to
11 was used which corresponded to the following
respective intervals for percent foliar necrosis: 0, 0 to
3,3to 6,6 to 12, 12 to 25, 25t0 50, 50 to 75, 75 to
88, 88 to 94, 94 to 97, 97 to 100 and 100. Ratings
were converted with the Elanco conversion tables
(ELANCO Products Co., Indianapolis, IN 46140 USA)
to obtain mean percent values for all replicates. Higher
numbers indicate more damage. All results were analyzed
using the Statistical Analysis System (Barr et al. 1979),
and differences were congidered significant at the 5%
level of probability.

RESULTS AND DISCUSSION

Trends in plant response to potassium were
clearly visible 55 days after emergence (Fig. 1),
and where soil K was 0.069 meq/100 ml (22 ppm)
or less, plant dry weight was lower. Symptoms of
potassium deficiency began to appear about 75
days after emergence with the outer one to two
thirds of the margins of the upper leaves developing
a bronze color (Plate 1). The development of
symptoms in the upper part of the plant was
described by Nelson & Barber (1964), although
other authors state that potassium deficiency
symptoms predominate in the lower part of the
plant (Scott & Aldrich 1970). By 82 days after
emergence the upper parts of the potassnum
deficient plants were necrotic,

The grain yield increased significantly as a
function of the increase in soil K in the treatments
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FIG. 1. Dry weight of 5 soybeans plants at 55 days after
emergence as a function of Mehlich-1-extractable
soil K. EMBRAPA-CPAC,
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where the different rates of potassium fertilizer
had been applied (Table 1).

Below 0.07 meq/100 ml (27 ppm) yields were
markedly depressed, while little yield increase was
observed where extractable soil K was above the
critical level of 0.128 meq/100 ml Relatdrio Técni-
co Anual (1979) (Fig. 2).
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FIG. 2. Grain yield of Parané soybeans as a function of
Mehlich-1-extractable soil K. Open circles indicate
plots where crop residues were returned and
incorporated. EMBRAPA-CPAC,

There was no difference in yield between the
treatments of 75 kg/ha K, O applied in 1981 as
KCl or applied as kalsilite, indicating that the two
sources were equally efficient, at least for the first
year. The rate, however, was within the range of
the response curve where small differences in K
availability would not affect yield.

Decreased yields were observed where leaf K
contents were below about 1.3% (Fig. 3). This is
lower than the 1.71% minimum sufficiency value
cited by Small Junior & Ohlrogge (1973) for
soybeans. The yields for the treatments receiving
crop residues were higher than would have been
predicted from the foliar K content. Foliar Mg
decreased as soil K increased, falling from near
0.55 to 0.30 (Fig. 4). There was a major change in
the ratio of foliar K to foliar Mg in consequence of
the concurrent increase in foliar K (Fig. 5) fo-
liar K/Mg ratio increased linearly with soil K,
from 1 to 9 (data not shown).

Soil residual K in the top 15 cm as a function
of fertilizer K applied in 1975/1976 and 1976/
1977 is shown in Fig. 6. Mehlich-extractable-K
increased by 0.0049 meq/100 ml for each 100 kg/ha
K;O added as fertilizer for the treatments where
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FIG. 3. Grain yleld of Parand soybeans as a function of
foliar K. Open circles indicate plots where crop
residues were returned and incorporated.
EMBRAPA-CPAC,
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FIG. 4. Magneslum content of Paran& soybean leaves as a
function of Mehlich-1-extractable soil K, Open

circles indicate plots where crop residues were
returned and incorporated, EMBRAPA-CPAC,
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FIG. 5. Potassium content of Parand soybean lsaves as
affected by Mehlich-1-extractable soll K. Open
circles Indicate plots shere crop residues were
returned and Incorporated. EMBRAPA-CPAC,
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FIG. 68, Mehlich-1-extractable soil K present in the sur-
- face 15 cm on November 1981 as a function of
potassium applied in 1975 and 1976, Cpen circles
indicate plots whare crop residues were returned

and incorporated. EMBRAPA-CPAC,

crop residues were removed from the field. In this
experiment, Souza et al. {1979) showed that
exchangeable K corresponded to 124% of Mehlich-
-extractable-K. Calculations made using this factor
showed that in the treatments where the above-
-ground portion of the crop was removed annually,
5.6% of the fertilizer originally applied was still
present in the upper 15 cm of the soil profile
after six years, for all rates of application from
0 to 700 kg/ha K, O,

Yields as a function of fertilizer applied in
1975/1976 and 1976/1977 (Fig. 7) were higher
for treatment 7, indicating that annual return of
crop residue had been an important factor in the
efficient use of K, as was demonstrated by Vilela &
Ritchey (1985). Foliar K and Mg, and soil K and
Mg were increased by this cultural practice, CEC,
but not soil organic matter, was significantly
higher in the residue incorporation treatments
{3.88 meq/100 ml vs. grand mean of 3.41).

The 100 seed weight increased linearly from
12,5 g to 185 g as grain yield increased from
400 kg/ha to 2800 kg/ha in response to soil K
levels. The number of seeds per m? increased from
400 to 1510 indicating that the increase in yields
as afunction of applied K was the result, principally,
of the increase in the seed number.

There was more than a tend-fold increase in

Pesq. agropec, bras., Brasilia, 22(8):825-832, ago. 1987,
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FIG. 7. 1982 grain yield of Paran4 soybeans as a function
of potassium fertilizer applied in 1975 and 1976.
Open circles indicate plots where crop residues
were returned and Iincorporated. EMBRAPA.-
CPAC.

grain yield associated with the use of limestone
with adequate Mg (Table 1). This effect was more
evident in the seventh year of the experiment than
in the third year, when an increase of only 31%
was observed for “‘Santa Rosa” soybeans (Relaté-
rio técnico anual 1979). Yield as a function of
soil Mg is shown in Fig. 8. Soil Mg levels lower
than 0.18 meg/100 ml were insufficient, in
agreement with Doll & Lucas {1973), and Ritchey
{1979), The average rmagnesium saturation on an
equivalent basis (meq Mg/100 ml divided by effecti-
ve CEC), of the three low-yielding treatmentsvaried
from 2,5% to 3.1% while the high Mg treatment
was 8.9%. Magnesium saturations of less than 5 or
10% are acceptable only if soil Mg level is higher
than 0.3 - 0.4 meq/100 g (Doll & Lucas 1973).

Grain yield increased linearly as a function of
foliar Mg to about 0.26%, (Fig. 9) the lower limit
of the sufficiency range cited by Small Junior &
Ohlrogge (1973). Increasesin soil K caused increases
in foliar K (Fig. 5) and decreases in foliar Mg
{Fig. 4). The four Mg treatments received a total
of 650 kgfha KO during the seven yeats, and, in
several of the crops, removal of K was low due to
low yields caused by Mg deficiency. The resulting
soil K levels averaged 0.22 meq/100 ml (Table 1),
which is 172% of the critical level commonly

Pesq. agropec. bras., Brasilia, 22(8):825-832, ago. 1987.

K.D, RITCHEY et al.

*]

2.5

Yield {t/ha)

) 0.1 02 0.3 04 05
Extractabla Soil K {meq/100 ml}

FIG. 8. Grain yield of Parand soybeans as a function of
exhangeable soil Mg. EMBRAPA-CPAC.
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FIG. 9. Grain yleld of Parani soybeans as a function of
foliar. Mg. EMBRAPA-CPAC,

accepted for this region, This extra K may have
increased the Mg deficiency, since it is known that
K exerts an antagonistic effect on Mg uptake
{Mayland & Grunes 1979).

The weight of 100 seeds increased from 10.5¢
to 17.5 g as Mg rates and yields increased, while
the number of seeds per m? rose from 190 to
1430 and was the principal factor responsible for
the increased yield.

Increasing soil K increased seed quality (Fig. 10)
and decreased K deficiency symptoms on upper
leaves and pods of soybeans (Fig. 11). Foliar
necrosis and soybean stem colonization by Colle-
totrichum truncatum and Phomopsis spp. were not
significantly different between the treatments of
75 kg/ha K, O applied in 1981 as KCl or applied

as kalsilite. Similarly differences among the other

—
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and incorporated. EMBRAPA-CPAC,

K treatments were not significant and plots in
which crop debris were incorporated did not have
more disease than those where this did not occur,
In comparison, Jeffers et al. (1982) and Spilker et
al. (1981) found that K fertilization did not
influence Phomopsis spp. and D, phaseolorum var.
sojae infection of seed, but possibly limited fungal
growth after infection had occurred, Heavy
rainfall of 322 mm and warm temperatures, ideal
environmental conditions for pod to seed infection
by Phomopsis spp. (Shortt et al. 1981), occurred
during the three weeks preceding harvest, and all
treatments had less than 20% seed germination. No

831

significant  differences in germination were
observed, although seed damage decreased as soil
Kincreased (Fig. 10).

Seed damage increased with decreasing foliar
Mg (Fig. 12) while some increase of marginal
chlorosis and necrosis (F) of upper leaves occurred
(F = 3.3+ 3.09 MGS, R* = 0.36% N = 12} as soil
Mg (MGS) increased. The K supply in the magne-
sium treatments was adequate and yields in the

high-Mg plots were adequate,

70 .
60
50-
401

30

Damaged Seed (%)

201

1031 .

i
s

0 o1 5.15 0z 0.25 )
Foliar Mg (%)

FIG, 12, Percentage of damaged Parand soybean seeds as
a function of foliar Mg, EMBRAPA-CPAC,

CONCLUSIONS

1. The higher yields and lower incidence of
damaged seed associated with adequate K
emphasize the importance of maintaining sufficient
levels of this relatively inexpensive nutrent,

2. Yields equivalent to those on the annual
(TMT 3M) were still
being obtained in the seventh year of cropping on
plots which received 700 kg/ha K,O in the first
two years of the experiment, and in treatments
where only 150 - 170 kg/ha K, O was applied, but
the crop residue was returned to the field.

3. If crop residues are not needed for other
purposes, their incorporation can provide an
important economy of K as well as an improvement
of the soil.

4, The importance of the use of dolomitic
limestone where soybeans are to be grown is
evident from the ten-fold increase in yield observed
where dolomitic rather than calcitic lime was

applied.

maintenance treatment

Pesq. agropec. bras., Brasilia, 22(8):825-832, ago. 1987.
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