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and vanden Berg (4) classified various pasture legumes as being either

Al sensitive or tolerant. Tolerant species increased in dry mat T yield
with addition of 0.5 ppm Al in nutrient solution. In one of these
studies (3) the researchers postulated that lower levels of Al may
enhance growth of some species. Whether Al is an essential nutrient

or whether it creates a better balance of nutrients was not determined.
Foy and Brown (16), working with buckwheat, barley, bushbeans and soy-
beans, found that these species also differed in their susceptibility

to Al.

In a separate experiment by Armiger et al. (5) 48 soybean varieties
were grown in greenhouse pot experiments using acid Bladen subsoil,
Aluminum was known to be the primary growth limiting factor in this
soil (15). The varieties differed widely in growth on the soil, ranging
in dry matter yield from a low of 1.58 g/pot to 6.58 g/pot. Rios and
Pearson (46) found that Jackson soybean root growth was increased by
increasing surface soil pH. Furthermore, increasing only the subsoil
pH resulted in increased root growth. Foy, Fleming and Armiger (14)
classified Chief soybeans as Al tolerant and Perry soybeans as Al
sensitive. Increasing Al in nutrient sol "~‘on ~ creased top weight
of both varieties, with Perry decreasing more than Chief. Chief root
weight increased to the 4.0 ppm level of Al but decreased at high«
aluminum levels. Aluminum concentration of the tops was quite va:
ranging from 0.8 to 3.1 meq/100 g d_, weight. In this same study
liming Bladen soil increased the top and root weights and decreast

Al content of the leaves and stems of both varieties. Jones (23)



28,29). On the other hand, increased Al has also resulted in increased
root weights of some species (14,28). McLean and Gilbert (30,31) stated
that injury of sensitive crops to Al was localized in roots, and the
first symptoms of Al toxicity was dwarfing and injury to the roots.
Ligon and Pierre (26) also concluded that injury from Al toxicity is
first noted in the roots, and injury to the roots is greater than to

the tops. Rios (46) stated that in cotton the Al effect is apparently
on the roots and indirectly on the tops.

Aluminum tolerance has been closely related to the ability of the
plant to absorb and utilize P in the presence of excess Al (16). Pratt
.(43) reported that acidification of two soils with (NH4)ZSO4 from near
neutral to 3.5 resulted in a high P solubility which in t__.a precipitated
Al as aluminum phosphate. The NH4F extracts of aluminum phosphate
increased as pH decreased while HZSO4 extracts of calcium phosphate
decreased as the pH decrea. 1. Bartlett and Reigo (7) postulated th -
Al might still be soluble and toxic even as the soil pH reaches neut
as long as positively charged Al was present in excess of equivalent
negati. __y charged phosphate. These workers also found that at high
pH values there was difficulty in distinguishing between Al toxicity
and P deficiency. Pierre and Stuart (40) found that adding superpho

to the soil reduced Al in the soil solution and increased yields of









II. MANGANESE

Similar to Al, the various fractions of extractable Mn in soils are
lowered with increasing pH (2,18,20,32,36,42,47,53) and, unlike Al, may
even become deficient at very high pH values (24). As Anderson postulated
(2), plants tend to absorb Mn in proportion to the amount available, and
thus at lower soil reactions toxicities may develop (27,36,39,42).

Piper (42) used the Mn concentration in oat plants as an indicator
of availability to determine the effect of pH on Mn. In a Glen Osmond
soil which had been treated two years earlier with HC1l and CaCO3 to
alter pH there was a steady decrease in the Mn concentration of oats as
the pH progressed from 5.7 to 7.0 and only a slight decrease at pH values
above 7.0. Further experimentation in this study showed that soils at
the same pH and with about the same total Mn content had remarkably
different amounts of available Mn.

Altering the pH of four soils with additions of CaCO3 and H2804,
Truong, Andrew and Wilson (53) found that increasing the pH decre:_ __

Mn availability in the soil and absorption by white clover. In a similar
experiment using Samford (pH 3.90) and Charleville (pH 4.50) soils, these
same researchers (54) reported that additions of CaCO3 lowered the
exchangeable fraction (extracted with neutral normal NH40Ac) sharply

and increased the easily reducible (extracted in neutral normal NH40Ac
plus 2 1 _:cent hydroquinone) but affected the total Mn very little.

In contrast, high Ca(H2P04)2 application to these soils increas _ the

exchangeable fraction at the expense of the easily reducible. This work
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indicated that, possibly due to the accompanying anion, CaCO3 and Ca(OH)2
are among the few compounds that can reduce exchan_ ble Mn in the soil.
This is consistent with a report by Schmehl et al. (47) who found that
addition of gypsum increased the amount of Mn in the soil solution.
Helyar and Anderson (18) also altered the soil pH with additions of

CaCO3 and H2504 and found that extractable Mn decreased with increasing

pH.

Messing (32), using the same extraction procedures as Truong,
Wilson and Andrew (54), reported that both water soluble and exchangeable
Mn decreased with increasing lime application and a subsequent rise in
the soil pH. However, easily reducible Mn increased, with the most
marked change in the three Mn fractions occurring from pH 5.3 to 5.9.
Increasing lime application decreased the Mn concentration of lettuce
leaves. The water soluble and exchangeable Mn fractions gave the best
measure of availability to the plant. Similarly, Page (36) and Page,
Schofield-Palmer and McGregor (37) found that water soluble Mn decreased
with increasing pH and corresponded well with Mn uptake by oats.
Anderson (2) stated that the pH of soils affects the water soluble and
exchangeable Mn fractions the most, and the source of Mn for the plant
comes only from these two fractions. However, Parker (39) reported
that exchangeable Mn did not vary with soil pH. In this experiment Mn
toxicity of soybeans (crinkle leaf) was associated with high levels of
leaf ... and water soluble soil Mn, with the water soluble soil Mn closely

associated with pH.



Hoff and Mederski (21) attempted to find a soil extraction method
for Mn which would correlate well with the Mn concentration in the upper-
most mature leaf of soybeans. Extractions with NH4H2PO4, alcoholic
hydroquinone and H3P04 yielded the highest correlation coefficients,
ranging from 0.856 to 0.899. These had the smallest variances and were
statistically different from extractions with NH40Ac and NaOAc.
Extracting with NH40Ac and NH40Ac plus 0.05 percent hydroquinone gave
correlation coefficients of 0.686 and 0.771, respectively.

Plants differ in their ability to withstand high levels of Mn either
in soil or nutrient solution (27,33,39,45,46,53,54). These differences
may be partially due to a disturbance in the nutrient balance of the
plant (34,45,53,54).

Lohnis (27) reported that beans (Phaseolus vulgaris) grown in a

soil that was limed at different levels exhibited Mn toxicity symptoms
when the Mn concentration of the foliage rose above approximately

1200 ppm. When these beans were grown in nutrient solution, a Mn con-
centration in the foliage of 1100 ppm proved toxic. A Mn level of

2.5 ppm in a von der Crone nutrient solution resulted in toxicity to
lucerne. The Mn concentration in the foliage of injured lucerne plants
varied from 500 to 1100 ppm while red clover showed no signs of toxicity
until concentrations in the foliage reached 1300 ppm. Conclusions were
that susceptibility to Mn toxicity appears to be a strong absorption or
a weak tolerance within the plant. Growing spinach and barley in v.__er
and sand cultures, Rees and Sidrak (45) found that increasing Mn in

solution (0.5, 25, 50, 100 ppm) resulted in increased Mn absorption and
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K, Ca or Mg concentrations in either species. Truong et al. (53) and
Truong et al. (54) reported that increasing Mn in nutrient solution

(0.5, 5.0, 15.0, 30.0 ppm) decreased yield and increased Mn concentration
in the shoots of white clover. Increasing Mn also increased percent Ca,
Mg, K and decreased percent P. Morris and Pierre (33) found that a Mn
concentration of 5.0 ppm in nutrient solution was toxic to lespedeza.

In a similar study with ;otton (46) increasing Mn concentration in
nutrient solution did not severely affect the roots; however, top yields
steadily decreased.

Soybeans have a high Mn requirement for growth (49,51), therefore,
relative to other species,higher concentrations in soybeans may not be
toxic. Manganese toxicity of Scott soybeans grown on Tifton (pH 5.1)
and Hiwassee (pH 4.6) soils was associated with 2.5 ppm water soluble Mn
and a leaf concentration of 495 ppm. In another study toxicity reduced
the size of pods and the number of seeds per pod (39). Somers and Shive
(51), growing soybeans in nutrient solution with added Mn levels of 0.00,
0.002, 0.01, 0.25, 2.0 and 5.0 ppm, reported that at iron levels of
0.005, 0.5 and 3.0 ppm both green weight and dry weight increased to
0.002, 0.25 and 2.0 ppm Mn, respectively. Above these levels yields
decreased. In a similar study (34) Richland soybeans began showing Mn
toxicity symptoms when the Mn level in nutrient solution was 2.5 ppm,
and the Mn concentration in the tops was 529 ppm. Calcium concentration
of the tops was quite variable. Singh, Kambal and Singh (49) reported

that soybeans increased in plant height and weight up to a level of



0.10 prm Mn in nutrient solution. Jones (23) r rted that a Mn
concentration of greater than 250 ppm in the upper fully mature trifoliate
leaves of soybeans is in excess of that required by the plant.

Various researchers (34,38,39,49,51) are in close agreement as to
the visual symptoms of Mn toxicity in soybeans, and these symptoms differ
little from those evident in other species (27,46). The plants are
stunted, and roots become tan and later turn a browner color. The
uppermost, younger leaves curl (crinkle), and a yellowing of the inter-
veinal tissue begins at the tip and progresses toward the base of the
leaf. As toxicity is prolonged, necrotic areas develop on the upper
leaves and further curling occurs.

Little work has been conducted concerning any interaction which
might exist between Al and Mn in plants. Foy and Brown (15) showed
that increasing the Al in nutrient solution decreased the Mn concentra-
tion in cotton. Working with spinach and barley, Rees and Sidrak (45)
concluded that high Al does significantly lower leaf Mn in most plants.
These workers postulated that this effect may be due to Al effects on

roots.






Bamboo poles were used to support the plants w n, possi ue t
the excessive heat in the greenhouse, the plants grew tall and spii_ly
Harvesting occurred earlier than planned primarily b iuse the
plants growing on Leadvale soil (regardless of pH) were maturing much
earlier than on the other two soils, and the leaves were beginning to
fall. Plants were measured prior to harvest with a meter stick from
the top of the sand to the tip of the tallest leaf.
of cutting the plants at the base of the stem.
Samples of the soil in each pot were taken botl
and after harvest. Only exchangeable Al and Mn were
soils after harvest. Analysis of the soils is descr

chapter.

The samples collected for the experiment were t
three to four inches in the surface layer of three s
Bewleyville silt loam (2 percent to S5 percent slope)
Tennessee, was selected because some problems had de
variety of soybeans grown on this soil in field crop
in 1971 and 1972 (17). The other two soils, Jeffers
to 12 percent slopes) and Leadvale silt loam (2 perc
slopes, eroded) from Hawkins County, Tennessee, were

to have a wide range in pH across the three soils.
























CHAPTER III
RESULTS AND DISCUSSION
I. SOILS STUDY

Effect gﬁ Changing pH on the Soil él_and Mn Content

The levels of cations present in the soil were presented earlier
in Table 2, page 16. The levels of Ca, K and Mg were quite variable
among soils and across pH values of each soil. One should note, however,
that the Huntington-Bewleyville soil effervesced upon addition of HC1
to lower the pH, indicating the presence of CaCO5. This could explain
the decrease in exchangeable Ca with increasing pH in this soil.

Further discussion will be limited to the changes that occurred in the
Al and Mn content of the soils.

The effect of pH on the exchangeable Al content of the svils is
presented in Figure 1. This figure is strikingly similar to one obtained
in a similar study by Helyar and Anderson (18). The soils differed
considerably in exchangeable Al content at respective pH values. Soils
increased in exchangeable Al in the order of Leadvale < Jefferson <
Huntington-Bewleyville. All soils decreased in Al content as the pH
increased. The curves indicate that the higher the Al content at low
pH values the greater the pH must be increased to reach a nondete~table
level of Al in the soil. These results suggest that different amounts
of lime would be required to alleviate toxic levels of Al in different

soils having identical pH values.
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Table 11.

Grown in Soils With Varying pH

Percent Calcium in Leaves of Soybeans

Soils With Varying pH (HZO)

Huntington-
Variety Leadvale - pH Jefferson - pH Bewleyvil pH
Forrest 1.15 gh* 4.72 .14 b 4.50 2.78 a 4.67
Lee 68 1.03 h 4,71 .82 bcdef 4.52 2.86 a 4.68
Forrest 1.50 efg 5.20 2.00 bed 5.51 2.14 + 5.36
Lee 68 1.36 fgh 5.20 1.58 cdefg 5.51 1.65 _ef 5.37
Forrest 1.96 bcde 5.66 2.04 bc 6.13 1.85 “~de 6.73
Lee 68 1.59 cdefg 5.76 1.70 bedef 6.11 1.56 uefg 6.71

*Means followed by the same letter are not significantly different
at the P .05 level.






























Table 19.

52

Parts Per Million Manganese in Leaves of Soybeans
Grown in Nutrient Solution Study One With Different
Aluminum and Manganese Levels

Al in Nutrient

Mn in Nutrient Solution (ppm)
2.5 .

Variety Solution (ppm) 0.5 .

Forrest 0.0 75 d* 243 bed 573 abc
Lee 68 72 d 212 d 603 ab
Forrest 4.0 132 d 248 bed 323 bed
Lee 68 123 d 260 bed 315 bed
Forrest 8.0 148 d 257 bed 343 bed
Lee 68 182 d 300 bed 700 a

*Means followed by the same letter are not significantly different
at the P .05 level.
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solution nor the concentration of these elements in the plant correlated
well with the K concentration in the plant. However, Figure 13 shows that
increasing Al in nutrient solution increased the K concentration in the
plant across all Mn levels. The percent K of the plants at the 8.0 ppm
Al level was significantly greater than at the 0.0 Al level across all

Mn levels.

Calcium concentrations in the plant were quite variable (Table 24).
There was no apparent effect of Al and Mn levels in nutrient solution on
the percent Ca in the plant. The Al and Mn concentrations in the plant
did not correlate well with the Ca concentration in the plant.

Table 25 shows the variation in Mg concentration in the plant.
Correlation coefficients for percent Mg with added Al and Mn levels in
nutrient solution and the concentrations of these elements in the plant
were low. There were no significant differences in percent Mg etween
varieties. There was a slight tendency for increasing Mn in nutrient
solution to increase the Mg concentration in the plant, but this was
not significant. The change in Mg concentration in the pl____ was
variable across Al levels.

Phosphorus concentration in the plant varied inversely with the
amounts of Al in nutrient solution (Table 26). The data are pr. _nted
graphically in Figure 14. Percent P in both varieties was significantly
lowered by addition of 4.0 ppm Al in nutrient solution, regardless of

the Mn level. Furthermore, increasing Al in solution from 4.0 to









Table 26. Percent Phosphorus in Leaves of Soybeans Grown
in Nutrient Solution Study One With Different
Aluminum and Manganese Levels

p—

Al in Nutrient Mn in Nutrient Solution (229%
Variety Solution (ppm) 0.5 2. .0

Forrest 0.0 0.28 cd* 0.31 bc 0.40 a
Lee 68 0.29 cd 0.26 de 0.28 cd
Forrest 4,0 0.18 ghi 0.22 ef 0.34 b
Lee 68 0.18 ghi 0.20 fg 0.21 fg
Forrest 8.0 0.14 i 0.19 fgh 0.28 cd
Lee 68 0.15 hi 0.16 hi 0.16 hi

*Means followed by the same letter are not significantly different
at the P .05 level.




























































83
percent P in both varieties (Table 36, Figure 22). Increasing Mn in
nutrient solution tended to increase the P concentration in Forrest
while Lee 68 was not affected. Although there were no significant
differences in percent P between varieties at lower Mn levels, the
increase in percent P in Forrest variety at .higher levels of Mn resulted

in significant differences between varieties at these levels.

Table 36. Percent Phosphorus in Leaves of Soybeans Grown
in Nutrient Solution Study Two With Varying
Aluminum and Manganese Levels

Al in Nutrient Mn in Nutrient Solution (ppm)
Variety Solution (ppm) 0.5 1.5 3.
Forrest 4.0 0.38 c* 0.44 b 0.55 a
Lee 68 0.36 ¢ 0.38 ¢ 0.38 ¢
Forrest 12.0 0.19 e 0.21 e 0.28 d
Lee 68 0.18 e 0.19 e 0.19 e
Forrest 20.0 0.14 £ 0.18 e 0.20 e
Lee 68 0.13 £ 0.14 £ 0.15 f

*Means followed by the same letter are not significantly different
at the P .05 level.
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