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ABSTRACT 

Greenhouse experiments were conducted to study the effects of decom
posing ·alfalfa meal additives and soi l moisture on the Mn content of soybean 
seedlings (Glycine max L .). Soybean seedlings were grown in soil to which 
alfalfa meal was added in quantities from 0 to 4%. After the seed lings were 
established, the soi l was subjected to f looding or near field capacity moisture 
for 7 days. In the absence of alfalfa meal, seedling growth was similar at both 
soil moisture levels. Increased levels of alfalfa meal progressively reduced 
germination and growth rate of seedlings. These effects were more pro
nounced in the flooded soil . Flooding resu lted in a marked increase of 
seedling Mn content, whereas increasing alfalfa meal caused no definite 
change . 

INTRODUCTION 

For several years the Horticulture Department of Louisiana State 
University has been studying a system of multiple cropping under 
conditions where wet soil may cause substantial delays in seedbed 
preparation. This system employs the concept of minimum tillage in 
which all weeds are controlled with herbicides and raised seedbeds are 
used to provide drainage. After harvest, plant residues are cut to ground 
level and the next crop is immediately planted through the stubble. If 
this system could be commercially implemented, it would allow much 
more efficient use of productive land in tropical and subtropical areas. 

Although the program has been generally successful, a problem ofMn 
toxicity sometimes occurs when southern peas (Vigna sinensis L.) are 
planted in the decaying stubble of sweet corn (Zea mays L.) . Because 
the soil had been subjected to almost daily rain during the week that the 
pea seedlings were emerging from the soil, it was postulated that the 
problem involved temporary reduction ofMn caused by rapid decomposi
tion of corn roots in wet soil. 

Mn is generally considered to be one of the more important toxic 
metals in acid soils (10) . The occurrence of Mn toxicity in plants has 
been well established, mainly from experiments using non-soil cultures 
(7,12). 
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Manganic oxides undergo reduction in anaerobic soils, forming the 
more soluble manganous compounds (11) . In terms of redox potentials 
(Eh) , Turner and Patrick (14) reported that Mn began to be reduced at 
an Eh of +400 m V and was essentially completely reduced at an Eh of 
+ 200 mV. 

Several investigators (2,4,5) reported that the reduction of Mn was 
favored by the presence of readily decomposable organic matter. Reduc
tion of the higher Mn oxides in waterlogged soils takes place when the 
biological oxidation of organic matter proceeds so rapidly that air cannot 
supply 0 2 in adequate amounts. 

The primary objectives of the work reported here were: a) to study the 
influence of added plant residues and soil moisture on the Mn content 
and growth of soybean seedlings; and b) to determine its possible rela
tionship to the observed Mn toxicity in southern peas in a multiple 
cropping system. 

MATERIALS AND METHODS 

One experiment for each of four soils (Olivier, Sharkey, Commerce, 
and Convent) was established in the greenhouse and data were collected 
separately for the 1974 and 1975 experiments. Soil physical and chemical 
properties are presented in table 1. Each experiment consisted of eight 
treatments and four replications in a complete randomized block design. 

Alfalfa meal prepared as poultry feed was mixed thoroughly with 250 
g of soil at rates ranging from 0 to 2% (except for the germination study 
shown in table 2, in which a 4% treatment was included) and placed in 
plastic pots 11 em in diameter and 5 em deep. Ten soybean seeds were 
planted in each pot and water was added so that during the germination 
period water made up 15% of the weight of each pot. M ter germination 
each pot was thinned to 5 seedlings and water added so that water made 
up 25% of the weight of ha lf of the pots; the other half were brought to a 
waterlogged state. These moisture levels were kept constant during the 
incubation per iod by periodical addit ion of water , using the weight
difference method. 

The seedlings were allowed to grow for 7 days; at the end of this time 
the above-ground portion of each plant was harvested and the fresh 
weight recorded. The plant material was dried in a forced-air oven at 70° 
C for 24 h and ground in a Wiley mill to pass a 20-mesh screen. A 1-g 
sample was weighed into a Gooch crucible and ashed in a muffle 
furnance for 4 h at 550° C. The ash was dissolved in 10 ml of 50% HCl and 
the solution heated on a hot plate until it cleared up and then filtered 
through Whatman #2 filter paper. The filter paper was washed with hot 
water several times and the volume brought to 100 ml with distilled 
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TABLE 1. -Physical and chemical characteristics of the soils used 

Soil Property 
Olivier Sharkey 

Parent material Loess Montmori llonitic 

Texture 
pH (1 :1 soil wa-

terl 
Organic matter 

(O.M.)(%) 
Extractable Mn 

(p/m) 
Extractable P (p/ 

m) 
Extractable K (p/ 

m) 
Extractable Ca 

(p/m) 
Extractable Mg 

(p/m) 

Silt loam 
6.4 

.88 

10 

123 

157 

770 

78 

clayey Missis
sippi river al
luvial deposits 

Clay 
6.8 

2.44 

18 

256 

268 

4000+ 

1000+ 

Soil series 

Commerce 

Mississippi nver 
deposits , sil t , 
clays 

Silt loam 
7.3 

1.82 

13 

261 

196 

3160 

711 

Convent 

Recent a lkaline 
a lluvium de-
posited by 
n ver spill-
overs a nd 
levee break-
downs 
Sa ndy loam 

7.5 

.31 

8 

209 

122 

1090 

363 

water, resulting in a 1:100 sample dilution. From this dilution, Mn 
content was determined in the atomic absorption spectrophotometer. 

RESULTS AND DISCUSSION 

The effect of decomposing alfalfa meal on the germination of soybean 
seedlings grown in four different soil types is summarized in table 2. The 
percent germination in the control treatment ranged from 74 to 100% 
throughout the incubation period, while that of 4% alfalfa meal ranged 
from 5 to 63% . The percent germination was markedly reduced by added 
alfalfa meal, with no less than 2% for the Olivier and 4% for the other 
three soils. 

The precise mechanism whereby decomposing alfalfa meal residues 
affected seed germination is not clearly understood. One possibility is an 
increased demand for 0 2 in the oxidation of soil organic matter and in 
microbial respiration due to increased concentration of decomposing 
plant residues. This curtailed supply of 0 2 to the germinating seed and 
the emerging seedling may lead to a reduction or complete termination 
of respiration during the germination process. If large amounts of plant 
residues are added to the soil, i.e ., 4%, rapid depletion of soil 0 2 may be 



TABLE 2. -Percent germination of soybean seedlings grown in four soil types with variable organic matter additive treatments 

Percent germination 

Time of incubation (days) 

Treatment 3 5 7 3 5 7 3 5 7 3 5 

Olivier Sharkey Commerce Convent 

Control 68 88 88 100 100 100 74 77 83 83 83 
0.5 % Alfalfa meal 61 72 83 68 72 88 57 74 85 85 91 
1.0% Alfalfa meal 44 72 83 83 85 85 50 68 74 88 91 
2.0% Alfalfa meal 16 41 44 63 80 88 30 50 72 41 74 
4. 0% Alfalfa meal 5 11 30 44 63 63 38 50 52 18 50 

L.S.D. for incubation .05 8.4 13.6 11.0 8.5 
time .05 6.3 9.3 8.3 6.4 

L.S.D. for alfalfa meal .01 10.8 16.1 14.2 11.0 
(%) .01 8.2 12 .2 10.8 8.3 
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T ABLE 3. -Fresh weight of soybean seedlings grown in four soil types with variable moisture and organic matter additive treatments 
Treatment Fresh weight (g/seedling) 

Olivier Sharkey Commerce Convent 
Alfalfa meal Moisture 

1974 1975 1974 1975 1974 1975 1974 1975 

% % 

0 25 1.17 1.39 1.28 1.23 0.97 1.03 0.87 0.86 
.5 25 1.08 1.26 1.10 .96 1.07 1. 06 .94 .91 

1.0 25 1.04 1.18 1.03 .92 1.08 1.10 .77 .83 
2.0 25 .86 1.19 .97 .93 1.16 1.09 .76 .82 
0 60 1.16 1.10 1.08 1.27 1.29 1.24 1.14 1.28 

.5 60 1.15 1.12 1.12 1.07 .96 1.22 1.25 1.38 
1.0 60 1. 02 .95 .78 1.02 1.04 .95 1.31 1.41 
2.0 60 .68 .82 .74 .84 .73 .77 1.18 1.02 

L.S.D. Moisture (%) N .S. . 17** ' .14*2 N .S . N.S . N.S. .15** .17** 
Alfalfa meal (%) .12** .18* .26** .19** N.S. .17** N.S. N .S. 

' ** L.S.D. at .01 level of probability. 
2 * L.S .D. at .05 level of probability. 
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expected immediately following its addition. This 0 2 depletion is more 
likely to occur in localized areas around the germinating seed where the 
0 2 demand is very high as compared to the surrounding soil. 

Another manner in which decomposing plant residues may affect seed 
germination is by the formation of toxic substances. In this connection 
Toussoun et al. (13) reported that some phytotoxic effects noted from 
substances produced during decomposition of organic matter were an 
inhibition or delay of seed germination, seed killing, necrosis of roots, 
and inhibition of growth and root hair development of tobacco, lettuce, 
and bean seedlings. McCalla and Haskin (6) , Patrick and Koch (8), and 
Patrick and Toussoun (9) noted that the decomposition of plant organic 
matter is often accompanied by formation of substances with phytotoxic 
properties. Among the reported toxic substances are: benzoic, phenyla
cetic, 3-phenylpropionic, and phenylbutyric acids (13); chlorogenic acid, 
P-coumaric acid, and P-hydroxybenzaldehyde (1); and the bacterial 
growth inhibitors gallic, gallotanic, and chlorogenic acids (3) . The pres
ent investigation did not provide for identification of such substances or 
any other organic substance produced during incubation . 

The fresh weight of seedlings (table 3) was generally reduced by 
flooding and also by increasing the concentration of alfalfa meal in the 
soil although exceptions were observed. Th us, increasing alfalfa meal 
concentration produced no significant reduction in the fresh weight of 
newly emergent seedlings in Convent or Commerce soils for the 1974 
samples, while flooding caused an increase in fresh weight of seedlings 
grown in Convent soil. The depressing effect of applied alfalfa meal on 
the fresh weight was more pronounced under flooded conditions. 

Table 4 summarizes the effects of alfalfa meal and soil moisture on the 
Mn content of soybean seedlings. Flooding increased the Mn content of 
seedlings in all soils under study. In general, Mn content was highest in 

T ABLE 4. - Mn concentration of soybean seedlings grown in four soil types with variab le 
moisture and organic matter additive treatments 

Treatment Mn concentration (p/m) 

Alfa lfa Mois· Olivier Sharkey Commerce Convent 

meal ture 1974 1975 1974 1975 1974 1975 1974 1975 

% % 

0 25 190 109 59 66 57 47 54 44 
.5 25 140 100 5ii 69 49 49 47 50 

10 25 70 93 48 67 50 51 43 54 
2.0 25 80 131 49 79 55 47 41 47 
0 60 380 395 102 76 108 73 76 72 

.5 60 300 288 11 6 79 144 84 66 76 
10 60 390 231 131 103 136 89 68 85 
2.0 60 490 266 122 86 202 137 83 100 



T ABLE 5. -Ammonium acetate-soluble Mn of four soil types given variable moisture and organic matter addit ive treatments in the 
g reenhouse study . Sampled in 1974 and 1975 

Treatment Extractable Mn (p/m) 

Olivier Sharkey Commerce Convent 
Alfalfa meal Moisture 

1974 1975 1974 1975 1974 1975 1974 1975 

% % 

0 25 13 6 6 9 4 8 6 4 
.5 25 14 6 5 17 5 11 7 4 

1.0 25 20 7 7 23 7 17 9 7 
2 .0 25 34 5 10 32 13 38 11 10 

0 60 581 465 125 270 177 133 105 100 

.5 60 691 516 139 299 219 221 104 89 
1.0 60 780 647 153 292 234 259 98 97 
2.0 60 729 539 145 284 221 240 91 89 

L .S .D . Moisture (%) 34 .6**' 79.8** 12.6** 12 .8** 10.0** 17. 4** 13.7** 10.4** 

A lfa lfa meal (%) 48.9** N. S-' N .S. 18.2** 13 .0** 24.6** N.S . N .S . 

1 ** L.S.D. a t .01 level of probability. 
2 Not significant. 
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seedlings grown in Olivier soil, intermediate for those grown in Sharkey 
and Commerce, and lowest in seedlings grown in Convent soil. This 
sequence of soils according to the Mn content of seedlings corresponds to 
a similar sequence of increasing soil pH (table 1) indicating an inverse 
relationship between soil pH and the Mn content of seedlings. 

The effect of alfalfa meal concentration on Mn uptake by soybean 
seedlings appears to be extremely variable and no clear-cut trend 
emerges. But it seems that at the high moisture level (60%), high 
concentrations of alfalfa meal in soil were associated with high Mn 
content of seedlings, except for Olivier soil. Large variations in Mn 
content of seedlings among sampling dates were evident. This lack of 
uniformity may be a consequence of the observed detrimental effect 
from applied alfalfa meal on the germination and growth of seedlings. 

The data on Mn uptake by soybean seedlings failed to show a signifi
cant effect of decomposing plant residues on the concentration of Mn in 
plant tissue. The data also failed to implicate Mn as a possible cause of 
the observed depression of seedling germination and growth. 

Since Mn content of soybean seedlings was generally low, except for 
those grown in flooded Olivier soil, and there was no evidence of Mn 
toxicity symptoms in the developing seedlings, it may be assumed that 
some other factor or factors were responsible for the reduction in growth 
of soybean seedings. From the data obtained, no significant effects can 
be ascribed to the decaying stubble of sweet corn on the observed Mn 
toxicity of southern peas in the multiple cropping system mentioned in 
the introduction. 

As indicated in table 5, increasing the soil moisture from 25 to 60% 
produced a highly significant increase in the NH4 Ac-extractable Mn 
content for all four soils under study. These increases ranged from 568 
p/m for Olivier to 99 p/m for Convent in the 1974 samples, and from 459 
p/m to 96 p/m Mn, respectively, for the 1975 samples. The application of 
alfalfa meal up to 1% for flooded soil (60% moisture) resulted in a 
further increase in extractable Mn, except for Convent soil. 

Relative uptake of ions by plants is determined in part by the relative 
availability of the ions in the soil. But relative availability of Mn does 
not necessarily correspond closely with relative concentration of the 
extractable ion in the soil, probably because of the complicated dynamic 
equilibrium ofMn in the soil. However, these data account for a relative 
influence of the soil extractable Mn on the Mn content of soybean 
seedlings. 

RESUMEN 

E l efecto de !a adici6n de harina de alfal fa y del aumento en la humedad del suelo 
sobre el crecimiento y la concentraci6n de manganeso en e l tejido de plantulas de 
habichuelas soya se investig6 en invernadero. La germinaci6n disminuy6 signi.ficativa-
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mente cuando el suelo se mezcl6 con 2 y 4% de harina de alfalfa. Aumentos en Ia 
concentraci6n de Ia harina ocasionaron una disminuci6n progresiva en el crecimiento de 
las plimtulas, (excepto en el suelo Convent) y fue mas marcado en el suelo inundado. Se 
sugiere que este efecto es causado por una disminuci6n en Ia respiraci6n de las semi lias 
como consecuencia de un empobrecimiento en el suministro de oxigeno a! aumentar Ia 
demanda del mismo por Ia flora microbiana del suelo. Otra posibilidad es que el 
desarrollo de substancias t6xicas en el suelo producidas par la descomposici6n de Ia 
materia organica, puedan inhibir Ia germinaci6n de las semillas. 

La concentraci6n de manganeso en el tejido de las plantulas aument6 considerable
mente al inundar el suelo. Las plantulas sembradas en el suelo Olivier arrojaron el mas 
alto contenido en manganeso, las sembradas en los suelos Sharkey y Commerce acusa
ron uno intermedio y las sembradas en el suelo Convent el contenido mas bajo. 
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